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(54) Method of assembly of gasification reactor

(57) Method of assembly of a carbonaceous feed-
stock gasification reactor comprising a gasifier unit con-
fined by a tubular burner wall, the burner wall comprising
a tubular wall assembly comprising a plurality of tubular
conduits through which a flow path extends between a
distributor and a header, each flow path crossing a pas-
sage opening in a seat for a flow restrictor wherein for
each conduit, the wall assembly comprises an opening
bordered by a collar wherein the open end of the collar
is closed by a cap and wherein the wall assembly is ar-
ranged within the pressure vessel without the flow re-
strictors and subsequently the distributor, the conduits
and the header are flushed and/or boiled out and the
caps removed from the collars, the flow restrictors posi-
tioned and the caps put back to close off the open ended
collars.
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Description

[0001] The present invention relates to a tubular wall
assembly comprising a plurality of tubular conduits in par-
allel arrangement interconnected to form a gastight struc-
ture, each tubular conduit being connected on one end
to a common distributor and on another end to a common
header, wherein through each conduit a flow path ex-
tends between the distributor and the header. The inven-
tion also relates to an insertable flow restrictor for such
a wall assembly and to a gasification reactor comprising
such a wall assembly for the partial combustion of a car-
bonaceous feed, to a method of assembling such a re-
actor and to a method of operating such a reactor.
[0002] Such wall assemblies are particularly used as
a wall for a burner unit in a gasifier for the production of
synthetic gas or syngas by partial combustion of a car-
bonaceous feed, such as pulverized coal. An example
of such a wall assembly is disclosed in GB 1 501 284
and WO 2008/110592. During the gasification process,
water flows from the distributor into the parallel tubes and
leaves the tubes as a mixture of water and steam when
it flows into the header. This way, heat evolved in the
gasification process is partly recovered in the gasification
zone itself. For a safe cooling an even distribution of the
cooling water over the parallel tubes is required.
[0003] In some types of steam generating heat ex-
changers, such as disclosed in US 1,988,659 and JP
60-152803, the water distribution is improved by using
strainer tubes having one end provided with an orifice.
The end with the orifice is inserted into an opening in the
distributor line facing the inlet opening of the correspond-
ing tubular line. After inserting the strainer tube, it is kept
in place by a matching pin with a screw head forming a
threaded connection with a threaded portion of the open-
ing in the distributor wall. This solution can only be used
if the tubular lines are at sufficient distance from each
other, since the screw heads are wider than the tubular
lines and the openings in the distributor line would seri-
ously weaken the wall of the distributor line. The diameter
of the openings in the distributor wall should be large
enough to receive the screw threaded part, which is wider
than the diameter of the strainer tube. This larger diam-
eter further weakens the distributor wall.
[0004] It is an object of the invention to provide a gas-
tight tubular wall assembly wherein the cooling water can
effectively and evenly be distributed from a distributor
over the plurality of interconnected tubular lines over the
full life time of the wall assembly.
[0005] The object of the invention is achieved with a
tubular wall assembly comprising a plurality of tubular
conduits in parallel arrangement interconnected to form
a gastight structure,
each tubular conduit being connected on one end to a
common distributor and on another end to a common
header,
wherein through each conduit a flow path extends be-
tween the distributor and the header,

wherein each flow path passes a passage opening in a
seat for an insertable flow restrictor,
wherein for each conduit the wall assembly comprises
an opening bordered by a collar with an open end in line
with the seat,
wherein the open end of the collar is closed by a cap.
[0006] It has been found that such a collar can reinforce
the distributor wall to compensate for the weakening by
the openings. The diameter of the openings can be kept
as small as the outer diameter of the insertable flow re-
strictor. As a result, although the collars are at short dis-
tance from each other, there is still material of the dis-
tributor mantle bridging both halves of the distributor line
at either side of the collar. In this way, the tubular conduits
of the gastight wall assembly can be arranged with a
short pitch as required by the process conditions and in
a cost efficient manner.
[0007] The parallel tubular conduits can for example
be vertical or they can be helically wound. The conduits
are interconnected to form a gastight wall, e.g., as a tube-
stay-tube or fin-tube construction. The wall assembly can
for example be cylindrical or it can have any other type
of tubular geometry, e.g., being square or polygonal or
elliptical in plan view.
[0008] The flow restrictors can for instance be provided
with a strainer tube having one end provided with a nozzle
with an outer surface matching the seat and with an open-
ing or orifice, wherein the strainer tube is provided with
a plurality of openings having in total a larger accumu-
lated flow-through capacity than the orifice. The orifice
can for example be formed by an inwardly flanging end
surface of the nozzle. The strainer tube protects the or-
ifice against plugging by foreign material.
[0009] To obtain a tight fit between the flow restrictor
and the seat, the orifice can for example comprise a frus-
to-conical plug portion while the seat comprises a match-
ing frusto-conical receptacle portion. Alternatively, the or-
ifice can be connected to the seat by a threaded connec-
tion.
[0010] Optionally, a tensioned compression spring is
arranged between the flow restrictor and the cap to push
the flow restrictor against its seat.
[0011] The flow restrictor can be configured to maintain
a desired pressure drop in the tubular wall assembly be-
tween the distributor and the header. In practice, a pres-
sure drop between 0.15 and 0.75 MPa has been found
to be particularly advantageous for the process of steam
generation.
[0012] The openings in the wall assembly for insertion
of the flow restrictors can for example be arranged in the
distributor opposite the proximal end of the correspond-
ing conduit. Alternatively, the openings can be arranged
in the wall of the corresponding conduit. In such case,
the collar may have a longitudinal axis at an acute angle
with the longitudinal axis of the conduit in flow direction.
[0013] The gastight tubular wall assembly is particu-
larly suitable for use as a burner wall in a reactor for
gasification of a carbonaceous feedstock. Such a gasifi-
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cation reactor comprises a pressure vessel, at least one
gasifier unit confined by the tubular burner wall assembly
within the pressure vessel, wherein at least one burner
is arranged to heat up the interior of the gasifier unit.
[0014] Such a carbonaceous feedstock gasification re-
actor can for example be built by first arranging the tu-
bular wall assembly within the pressure vessel without
the flow restrictors. Subsequently the open ended collars
are closed off. After that, the distributor, the conduits and
the header are flushed and/or boiled out. Then the caps
are removed from the open ended collars, the flow re-
strictors are positioned, and the caps are put back to
close off the open ended collars. Optionally, the caps are
welded to the open ended collars.
[0015] The carbonaceous feedstock gasification reac-
tor can for example be operated by providing water via
the distributor to the tubular conduits, where it is heated
to form steam. The steam is then discharged from the
tubular conduits via the header. With the flow restrictor
as described above, it is possible to maintain a pressure
drop in the water between the distributor and the header
between 0.15 and 0.75 MPa by adjusting its flow-through
capacity.
[0016] Exemplary embodiments of the invention will
now be described by reference to the accompanying
drawing, in which:

Figure 1: shows a gasification reactor with a burner
wall assembly according to the present invention;
Figure 2: shows in detail a flow restrictor and the
connection between the distributor and the tubular
conduits in the wall assembly of Figure 1;
Figure 3: shows an alternative arrangement of the
connection of Figure 2;
Figure 4: shows a flow restrictor in an alternative
embodiment of the wall assembly according to the
present invention.

[0017] Figure 1 shows a reactor for the production of
synthetic gas by gasification of a carbonaceous feed. The
reactor comprises a vessel 1 encasing a combustion
chamber 6 in the upper half of the vessel 1. The vessel
1 is provided with a syngas outlet 7 at the bottom end of
the combustion chamber 6 and two pairs of diametrical
positioned burners 2. Through this outlet 7 the produced
syngas and slag formed as a by-product is discharged
from the combustion chamber 6. Each burner 2 is pro-
vided with supply conduits for an oxidiser gas 3 and a
carbonaceous feed 4.
[0018] The combustion chamber 6 is surrounded by a
substantially gas-tight wall assembly 8 made of intercon-
nected parallel vertical tubular conduits 10, e.g., inter-
connected by fins. Such a wall assembly is also referred
to as a membrane wall. The tubular conduits 10 run from
a common distributor 12 to a common header 11. The
distributor 12 is provided with a series of capped collars
15 opposite the tubular conduits 10. These collars form
the entrance for an insertable flow restrictor, for instance

as shown in Figure 2 or Figure 3.
[0019] The distributor 12 is connected to a cooling wa-
ter supply conduit 14. The header 11 is connected to a
steam discharge conduit 13. The steam discharge con-
duit 13 and the water supply conduit 14 are fluidly con-
nected to a steam drum 29. The steam drum 29 is con-
nected to a supply conduit for fresh water and an outlet
conduit for produced steam. A water pump 31 serves to
enhance the flow of water from steam drum 29 to the
distributor 12. Alternatively, the water flow can be driven
by natural convection. In this case, the water pump 31 is
replaced by a pipe.
[0020] The burners 2 are directed to fire into the com-
bustion chamber 6 through a burner opening 5 in the wall
assembly 8. Between the wall assembly 8 and the wall
of vessel 1 is an annular space 9.
[0021] Figure 2 shows in detail the collars 15 on the
distributor 12, with one of the collars 15 in cross section.
The collar 15 is formed by a pipe section 16 having one
end extending through an opening 17 at the lowest point
of the cross section of the distributor 12. Opposite to this
opening, the pipe 16 has a second end extending through
an opening 18 at the highest point of the cross section
of the distributor 12. At the openings 17, 18 the pipe 16
is welded to the wall of the distributor 12. Between the
openings 17, 18, the pipe 16 is provided with two longi-
tudinal slots 19, 20 at opposite sides. At its end near the
opening 18, the pipe 16 is welded to the lower end of one
of the tubular conduits 10.
[0022] Near the upper opening 18, the interior of the
pipe 16 is provided with a ring shaped rim or shoulder 21
forming a seat for an insertable flow restrictor 22 and
confining a passage opening for the flow path of the water
flow. The insertable flow restrictor 22 comprises a strain-
er tube 23 with a plurality of openings 24, and an orifice
25 at its end abutting the seat 21. The total flow-through
capacity of the plurality of openings 24 is substantially
larger than the flow through capacity of the orifice 25.
[0023] Near the lower opening 17, the pipe 16 com-
prises a head 32 provided with an internal screw thread.
A cap 26 with a correspondingly threaded portion is
screwed into the pipe head 32. A compression spring 27
between the flow restrictor 22 and the cap 26 forces the
flow restrictor 22 against the seat 21.
[0024] Water flows from the distributor 12 via the slots
19, 20 and the openings 24 into the strainer tube 23 and
then via the orifice 25 through the seat 21 into the tubular
conduit 10.
[0025] In an alternative embodiment, the pipe 16 may
comprise two separate pieces: one being welded to the
distributor 12 in opening 17 and one in opening 18. In a
further alternative embodiment, the lower opening 17 is
not in line with the upper opening 18. In that case, a bent
or curved tubular transition piece should lead from the
seat 21 to the opening 18 and the tubular conduit 10.
[0026] Figure 3 shows a further alternative embodi-
ment of the present invention. The collar 15 is welded
onto the edge of the opening 17 at the outer surface of
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the distributor 12. Between the distributor 12 and the tu-
bular conduit 10 is tubular transition piece 36 with a con-
ical seat 28 in its interior. An insertable flow restrictor 22
extends from the collar 15 to the seat 28. The flow re-
strictor 22 comprises a strainer tube 23 with a plurality
of openings 24, and a conical nozzle 30 abutting the seat
28. The nozzle 30 is provided with an orifice 33 confined
by an inwardly extending flange at the top end of the
nozzle 30. As in figure 2, the total flow-through capacity
of the plurality of openings 24 is substantially larger than
the flow through capacity of the orifice 33.
[0027] The collar 15 comprises a head 34 provided with
an internal screw thread. A cap 35 with a correspondingly
threaded portion is screwed into the collar head 34. A
compression spring 27 between the flow restrictor 22 and
the cap 26 forces the flow restrictor 22 against the conical
seat 28.
[0028] Figure 4 shows a further possible embodiment.
In this embodiment, the distributor 12 is only provided
with openings 18 at its upper side where it opens into the
tubular conduits 10. The tubular conduit 10 comprises a
Y-shaped transition piece 40 having a first tubular leg 41
in line with the other sections of tubular conduit 10, and
a second tubular leg 42 forming a collar which makes an
acute angle with the first tubular leg 41. The first leg 41
comprises a lateral opening 51. The collar 42 is connect-
ed to the first leg 41 via the lateral opening 51. At its top
end the transition piece 40 is operatively connected to a
further section of the tubular conduit 10. At this point the
transition piece 40 comprises a ring shaped shoulder 43
extending in a plane perpendicular to the longitudinal di-
rection of the second leg 42. The shoulder 43 forms a
seat surrounding a passage opening for the flow path of
the water.
[0029] An insertable flow restrictor 44 is inserted in the
second tubular leg 42 to abut the seat 43. The flow re-
strictor 44 comprises a strainer tube 45 with a plurality
of openings 46, and a conical nozzle 47. The nozzle 47
is provided with an orifice 48 abutting the seat 43. As in
figure 2, the total flow-through capacity of the plurality of
openings 24 is substantially larger than the flow-through
capacity of the orifice 48.
[0030] At its outer end the second tubular leg 42 is
capped by a screw cap 49 which is connected to the leg
42 with a threaded connection. A compression spring 50
between the cap 49 and the flow restrictor 44 presses
the flow restrictor 44 against its seat 43.
[0031] In use, water flows from the distributor 12 via
the opening 18 into the tubular conduit 10. When it passes
the Y-shaped transition piece 40, the water swirls via the
openings 46 into the strainer tube and the nozzle 47
through the orifice 48 into the subsequent section of the
tubular conduit 10.
[0032] In this embodiment, the distributor 12 is not per-
forated and weakened by a series of openings for inser-
tion of the flow restrictor, but the flow restrictors are in-
serted into the tubular conduits 10. Optionally, the various
collars can be arranged in a staggered manner relative

to each other, which is particularly useful if the tubular
conduits 10 are directly interconnected to each other.
[0033] In all embodiments, the orifices restrict the flow-
through capacity. As a result, the distribution of water
over the various tubular conduits is levelled out and op-
timized. The orifice of the flow restrictor causes a pres-
sure drop in the tubular conduit. The orifice can be de-
signed to optimize the pressure drop for the steam gen-
eration process, e.g., in such a way that the pressure
drop between the distributor and the header is between
0.15 and 0.75 MPa. The strainer tubes function as a sieve
protecting the orifices form plugging by foreign materials
in the water flow. The flow restrictors can be easily taken
away for maintenance, repair or replacement. Optionally,
the flow restrictors can be placed permanently in the wall
assembly 8. In that case, the caps can be welded to the
respective collars.

Claims

1. Method of assembly of a carbonaceous feedstock
gasification reactor comprising a pressure vessel
(1), at least a gasifier unit (6) confined by a tubular
burner wall (8) within the pressure vessel, wherein
at least one burner (2) is arranged to heat up the
interior of the gasifier unit (6) wherein the tubular
burner wall comprises a tubular wall assembly (8)
comprising a plurality of tubular conduits (10) in par-
allel arrangement interconnected to form a gastight
structure, each tubular conduit (10) being connected
on one end to a common distributor (12) and on an-
other end to a common header (11),
wherein through each conduit a flow path extends
between the distributor and the header,
wherein each flow path crosses a passage opening
in a seat (21, 28, 43) for an insertable flow restrictor
(22, 44),
wherein for each conduit the wall assembly compris-
es an opening (17, 51) bordered by a collar (15, 42)
with an open end in line with the seat,
wherein the open end of the collar is closed by a cap
(26, 35, 49),
and wherein the tubular wall assembly (8) is ar-
ranged within the pressure vessel (1) without the flow
restrictors (12, 44), and wherein subsequently the
open ended collars (15, 42) are closed off, and
wherein subsequently the distributor, the conduits
and the header are flushed and/or boiled out, and
wherein subsequently the caps are removed from
the open ended collars, the flow restrictors are po-
sitioned, and the caps are put back to close off the
open ended collars.

2. Method according to claim 1 wherein subsequently
the caps (26, 35, 49) are welded to the open ended
collars.
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