wo 2017/003765 A1 |1 I} NN OT 000 O O A

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

5 January 2017 (05.01.2017)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2017/003765 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
F24H 1/40 (2006.01) F24H 9/00 (2006.01)

International Application Number:
PCT/US2016/038534

International Filing Date:
21 June 2016 (21.06.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/186,717 30 June 2015 (30.06.2015) US

Applicant: UOP LLC [US/US]; 25 East Algonquin Road,
P. O. Box 5017, Des Plaines, Illinois 60017-5017 (US).

Inventors: YUAN, Quan; UOP LLC, 25 East Algonquin
Road, P.O. Box 5017, Des Plaines, Illinois 60017-5017
(US). GATTUPALLI, Rajeswar; UOP LLC, 25 East Al-
gonquin Road, P. O. Box 5017, Des Plaines, Illinois
60017-5017 (US). MARTIN, Matthew; UOP LLC, 25
East Algonquin Road, P.O. Box 5017, Des Plaines, Illinois

(74

(8D

(84)

60017-5017 (US). VETTER, Michael J.; UOP LLC, 25
East Algonquin Road, P. O. Box 5017, Des Plaines,
linois 60017-5017 (US).

Agent: ROMANO, Ashley E.; UOP LLC, 25 East Algon-
quin Road, P. O. Box 5017, Des Plaines, Illinois 60017-
5017 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

[Continued on next page]

(54) Title: FILM TEMPERATURE OPTIMIZER FOR FIRED PROCESS HEATERS

28 10
50 50 26 <
14
2 ) I/
LT L
32— 34 |20
)
— 12
42 l—~ 22 42
o2 |, &0
22
40 \_/w 40
H/ ] \r
16

FIG. 1

(57) Abstract: A fired heater with a film temperature optim-
izer is presented. The fired heater is for heating a process flu-
id in process coils within the fired heater. The process coils
experience high temperatures at the outlets. The film temper-
ature optimizer includes baffles or means for changing the
flow of'the fired heating gas around the process coils near the
coil outlets. The baftles are positioned near the process coil
outlets.
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FILM TEMPERATURE OPTIMIZER FOR FIRED PROCESS HEATERS

STATEMENT OF PRIORITY

[0001] This application claims priority to U.S. Provisional Application No. 62/186717
which was filed June 30, 2015, the contents of which are hereby incorporated by reference in

its entirety.
FIELD OF THE INVENTION
[0002] The present invention relates to fired heaters for use in chemical processes.
BACKGROUND

[0003] Fired heaters are common process units in chemical plants. The fired heaters heat
process streams to reaction temperatures, and provide heat to process streams that have
endothermic reactions. A fired heater has a general configuration of a tube for carrying a
process fluid inside a shell wherein burners are used to combust a fuel to heat the tubes.
[0004] Fired heaters occupy significant space, and the fired heaters often heat the process
fluids above desired temperatures. With more complex processes, and with upgrades to
processes in chemical plants, new configurations are needed to reduce the area taken up by
fired heaters, to control the outlet temperatures of process fluids, and to provide for new

efficiencies in the heating of process fluids.

SUMMARY

[0005] The present invention is a fired heater with film temperature optimizers for
limiting the peak temperatures in the process unit heating coils.

[0006] A first embodiment of the invention is an apparatus for a process fired heater
comprising a shell having sides, an upper surface, a lower surface, combustion fluid inlets
and a flue gas outlet; at least one process coil comprising two inlet ports and one outlet port,
and disposed within the shell and having the inlet ports and outlet port disposed on the upper
surface of the shell; at least two burners disposed on the sides of the shell; and at least two
baffles disposed within the shell and positioned on the upper surface of the shell and between

- 1-
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the burners and the process coil outlet port. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the process coil has a configuration of three tubes in a parallel orientation, with two
semi-circular tubular sections connecting the ends of the tubes, such that the tubes and
tubular sections form a W-shaped coil, and the two inlet tubes having one end connected to
an inlet port and the central outlet tube having one end connected to the outlet port. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph, wherein upper surface further includes a
refractory material on the upper surface, inside the shell and abutting the baffles. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the shell has a substantially
rectangular prismatic shape, with a height, a depth and a width, and wherein the process coils
extend at least 70% of the height, and the process coils are arranged across the width with the
central tubes arrayed along an axis that is in the middle of the width of the shell, and wherein
the smaller tubes are arrayed in a position between 5% and 95% of the distance of the half-
width of the shell. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising an
insulating layer on top of the upper surface. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the shell has a substantially rectangular prismatic shape, with a height, a depth and a
width, and wherein the burners are disposed on opposite sides of the width of the shell, and
wherein the burners are disposed within 10% of the height of the from the bottom of the
shell. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the shell has a
substantially rectangular prismatic shape, with a height, a depth and a width, and wherein the
burners are disposed on opposite sides of the depth of the shell. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the baffles extend between 2% and 15% of the height
from the upper surface. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph wherein the
baffles extend between 2% and 10% of the height from the upper surface. An embodiment of

the invention is one, any or all of prior embodiments in this paragraph up through the first
-0 -
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embodiment in this paragraph wherein the baftles extend between 3% and 9% of the height
from the upper surface.

[0007] A second embodiment of the invention is an apparatus for a process fired heater
comprising a shell having a first end, a second end positioned opposite the first end, and
sides connecting the first end and second end, and wherein the sides and ends enclose a
space; at least one w-shaped process tube comprising two inlet ports and one outlet port, and
disposed within the shell and having the inlet ports and the outlet port on the first end; a flue
gas outlet disposed in the second end; and at least two burners disposed on the sides of the
shell; wherein the first end of the shell comprises at least two projections from the first end
and the projections extend into the enclosed space, and wherein the projections are interposed
between an inlet port to the process tube and the outlet port for the process tube. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph wherein the projections extend between 2%
and 15% of the height from the first end. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the second embodiment in this paragraph
wherein the burners are disposed on opposite sides of the shell. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph wherein the shell has a height between 12 m and 25 m, and
wherein the projections are between 0.3 m and 3 m. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the second embodiment in this
paragraph wherein the first end is an upper surface of the shell.

[0008] A third embodiment of the invention is an apparatus for a process fired heater
comprising a shell having sides having a height, an upper surface, and a lower surface which
defines a volume, and combustion fluid inlets and a flue gas outlet; at least one process coil
comprising two inlet ports and one outlet port, and disposed within the shell and having the
inlet ports and outlet port disposed on the upper surface of the shell; and at least two burners
disposed on the sides of the shell in a position below the flue gas outlet; wherein the upper
surface comprises a surface with a projection into the volume, wherein the projection extends
at least 2% of the height, and wherein the process coil outlet port is disposed on the
projection. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the third embodiment in this paragraph wherein the projection has a

width and a depth, wherein the depth is the projection length into the volume, and width is at
-3 -
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least 10% of the distance between the sides of the shell with the burners. The apparatus of
claim 16 wherein the shell has a shell width and the projection has a projection width that is
between 10% and 50% of the shell width. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the third embodiment in this paragraph
wherein the projection extends between 3% and 15% of the height into the volume. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the third embodiment in this paragraph wherein the process coil has a configuration
of three tubes in a parallel orientation, with two semi-circular tubular sections connecting the
ends of the tubes, such that the tubes and tubular sections form a W-shaped coil, and the two
inlet tubes having one end connected to an inlet port on the upper surface between the
projection and the sides, and the central outlet tube having one end connected to the outlet
port disposed on the projection.

[0009] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 shows a cross-section of a fired heater with baffles;

[0011] Figure 2 shows a second embodiment of a baffle in the fired heater;

[0012] Figure 3 shows an embodiment of the invention with the fired heater having an
upper surface with projections into the fired heater volume;

[0013] Figure 4 shows an embodiment of the invention wherein the surface with the
outlet of the process tube is mounted on the projection of the surface; and

[0014] Figure 5 shows the effect of the fired heater baffles on the maximum film

temperature of the process coils.

DETAILED DESCRIPTION

[0015] Chemical processes frequently need heating. Process heaters are designed to heat
feed streams or intermediate process streams to temperatures necessary for the chemical
reactions in the processes to occur at a reasonable rate. Dual-cell fired process heaters are
equipped with “U-shaped” coils that allow for a process fluid to be heated. The coils are
mounted in fired heaters that include burners. A fired heater is typically a box-shaped furnace

-4 -
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with the coils inside the box and burners mounted on the sides or bottoms of the furnace. For
a commercial process, a fired heater can be a very large item.

[0016] Fired process heaters often cause non-selective reactions, such as thermal
conversion or cracking of hydrocarbons. These non-selective reactions reduce yields and
increase losses. Redesigned heaters can reduce these losses and proved for more desirable
capital cost, operation costs and reduced area, or smaller plot space, required for a heater.
Newer designed heating coils within the fired heaters reduce the hot volume. However, peak
film temperatures of the coils near the outlets can still lead to undesired reactions and
subsequent losses. New designs for modifications within the fired heaters reduce the peak
film temperatures of the coils.

[0017] The present invention is an apparatus for a process fired heater. The heater
includes a shell having sides, an upper surface, a lower surface, combustion fluid inlets and a
flue gas outlet. The heater includes at least one process coil disposed within the shell for
carrying a process fluid to be heated. Each process coil includes two inlet ports, and one
outlet port, wherein the inlet and outlet ports are disposed on the upper surface of the shell.
The heater further includes at least two burners disposed on the sides of the shell, and at least
two baffles disposed within the shell. The baftles are positioned on the upper surface of the
shell, and between the burners and the process coil outlet port.

[0018] A cross-section of the apparatus is shown in Figure 1, wherein the apparatus 10
has sides 12, an upper surface 14 and a lower surface 16. The apparatus 10 includes a process
coil 20, wherein the process coil 20 includes three tubes 22 in a parallel orientation with two
rounded tubular sections 24 connecting the ends of the tubes 22. Preferably the rounded
tubular sections 24 have a semi-circular shape. The coil 20 forms a W-shaped coil with the
two inlet tubes 22 having an end connected to an inlet port 26 and the outlet tube 22
connected to an outlet port 28.

[0019] The apparatus 10 includes a shell 30 that has a height 32, a width 34 and a depth
(not shown). The process coils 20 are arranged across the width 32 with the outlet tubes
arrayed toward the center of the shell 30, and along an axis that is in the middle of the width
34 of the shell, and wherein the axis extends along the depth of the shell. In one embodiment,
the coils 20 extend at least 70% of the height 32 of the shell. The inlet tubes are arrayed in a
position between 5% and 95% of the distance of the half-width of the shell from the shell

sides 12.
- 5-
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[0020] The apparatus 10 includes burners 40 disposed on the sides of the fired heater. In
one embodiment, the burners are disposed on opposite sides 12 of the width 34 of the shell
30. The burners 40 can be disposed in the lower surface 16, or in the sides 12 and at a
position within 10% of the height 32 of the shell from the lower surface 16, or bottom of the
shell. In an alternate arrangement, the burners are disposed on opposite sides of the depth of
the shell. In one embodiment, the apparatus 10 can include a second set of burners 42 that are
disposed in the sides 12 of the shell 30, and at a position between 30% and 80% of the height
from the bottom of the shell.

[0021] The apparatus 10 further includes baffles 50, or film temperature optimizers, that
are disposed between the coil outlet 28 and the burners 40. The baffles 50 extend into the
heater volume from the upper surface a distance between 2% and 15% of the height 32 of the
shell 30 from the upper surface 14. In one embodiment, the baftles 50 extent a distance
between 2% and 10% of the height 32 of the shell 30 from the upper surface 14. In another
embodiment, the baffles 50 extend a distance between 3% and 9% of the height 32 of the
shell 30 from the upper surface 14. The baffles 50 are sized to change the flow such that the
peak film temperature near the outlet 28 of the coil 20 is reduced.

[0022] In one embodiment, as shown in Figure 2, the baffles 50 are affixed to the upper
surface 14. The upper surface includes a refractory material 52 inside the shell and can
include a refractory material 54 affixed to hold the baffles 50 to the upper surface 14. The
apparatus 10 can further include an insulating layer 56 above the refractory material 52 on
the upper surface 14.

[0023] In a variation of the above embodiments, the process coils can be affixed to the
lower surface, with the baffles disposed on the lower surface between the process coils outlet
and the burners. In this variation, the apparatus is essentially an inverted version of the above
embodiments.

[0024] In another embodiment, as shown in Figure 3, the apparatus 10 includes a shell 30
having a first end 52, a second end 54 disposed opposite the first end 52, and sides 56
connecting the first end 52 and the second end 54. This shell 30 encloses a volume or space.
The apparatus includes at least one W-shaped process tube 20, or coil, having two inlet ports
26 and one outlet port 28 disposed on the first end 52. The apparatus includes a flue gas
outlet 58 disposed on the second end 54 of the shell 30. The apparatus includes at least two

burners 40 disposed on the sides 56 of the shell 30, and in opposition to each other. The first
-6 -
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end 52 of the shell 30 comprises at least two projections 60 from the first end 52 and where
the projections extend into the enclose space of the shell 30. The projections 60 are disposed
between the inlet ports 26 to the process tube 20 and the outlet port 28.

[0025] The sides have a height 32, and the projections 60 extend between 2% and 15% of
the height from the first end. The apparatus 10 is a fired heater, and for processes in the
hydrocarbon industry, the apparatus is a large item. In one embodiment, the first end 52 is the
upper surface of the shell 30. For fired heaters in the hydrocarbon industry, the fired heaters
can have heights between 12 m and 25 m. This leads to projections between 0.25 m and 4 m
from the first end 52 of the shell, with preferred projection lengths between 0.3 m and 3 m.
[0026] In another embodiment, the apparatus, as shown in Figure 4, the apparatus 10
includes a shell 30 having a height 32, a width 34, sides 56, an upper surface 62, and a lower
surface 64, thereby defining a volume. The apparatus further includes combustion fluid inlets
for burners 40. The burners 40 are disposed on opposite sides of the shell 30. The apparatus
includes at least one process tube 20, or coil, having two inlet ports 26 and one outlet port 28
disposed with in the shell 30. The inlet ports 26 and outlet port of each process tube 20 is
disposed on the upper surface 62 of the shell. The upper surface 62 comprises a surface with
a projection 66 into the volume of the shell 30. The projection 66 has a width 70 and depth
72, wherein the depth projects into the volume, and the depth 72 of the projection 66 extends
at least 2% of the height 30 from the upper surface 62, and wherein the process coil outlet
port 28 is disposed on the projection 66. In one variation, the projection has a width 70 at
least 10% of the width 34 of the shell 30. The outlet port 28 is in fluid communication with
an outlet manifold 80, and the inlet ports 26 are in fluid communication with inlet manifolds
82. The outlet manifold 80 is in fluid communication with a reactor.

[0027] In a preferred variation of this embodiment, the width 70 of the projection 66 is
between 10% and 50% of the width 34 of the shell. And in a preferred variation, the
projection 66 extends into the volume of the apparatus between 3% and 15% of the height 32
of the shell.

[0028] The process fluid temperature reaches a peak at the outlet. The peak film
temperature on the process tubes is also found in the area of the outlet. The peak film
temperatures can exceed desired temperature limits where the process fluid can then
experience undesired thermal reactions, such as cracking. The film temperature optimizers

create low velocity and temperature zones which lowers the heat flux in the region of the
-7 -
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process tube outlets. Consequently, this reduces the peak film temperature. The result can be
seen in Figure 5 and a reduction in the peak film temperature is 20 °F (11 °C).

[0029] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. An apparatus for a process fired heater comprising:

a shell having sides, an upper surface, a lower surface, combustion fluid inlets and a
flue gas outlet;

at least one process coil comprising two inlet ports and one outlet port, and disposed
within the shell and having the inlet ports and outlet port disposed on the upper surface of the
shell;

at least two burners disposed on the sides of the shell; and

at least two baffles disposed within the shell and positioned on the upper surface of

the shell and between the burners and the process coil outlet port.

2. The apparatus of claim 1 wherein the process coil has a configuration of three tubes in
a parallel orientation, with two semi-circular tubular sections connecting the ends of the
tubes, such that the tubes and tubular sections form a W-shaped coil, and the two inlet tubes
having one end connected to an inlet port and the central outlet tube having one end

connected to the outlet port.

3. The apparatus of claim 1, wherein upper surface further includes a refractory material

on the upper surface, inside the shell and abutting the baffles.

4. The apparatus of claim 2 wherein the shell has a substantially rectangular prismatic
shape, with a height, a depth and a width, and wherein the process coils extend at least 70%
of the height, and the process coils are arranged across the width with the central tubes
arrayed along an axis that is in the middle of the width of the shell, and wherein the smaller
tubes are arrayed in a position between 5% and 95% of the distance of the half-width of the
shell.

5. The apparatus of claim 1 further comprising an insulating layer on top of the upper

surface.
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6. The apparatus of claim 1 wherein the shell has a substantially rectangular prismatic
shape, with a height, a depth and a width, and wherein the burners are disposed on opposite
sides of the width of the shell, and wherein the burners are disposed within 10% of the height
of the from the bottom of the shell.

7. The apparatus of claim 1 wherein the shell has a substantially rectangular prismatic
shape, with a height, a depth and a width, and wherein the burners are disposed on opposite

sides of the depth of the shell.

8. The apparatus of claim 1 wherein the baftles extend between 2% and 15% of the

height from the upper surface.

0. The apparatus of claim 8 wherein the baftles extend between 2% and 10% of the
height from the upper surface.

10. The apparatus of claim 9 wherein the baffles extend between 3% and 9% of the height

from the upper surface.

- 10 -
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