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ABSTRACT:

A furnace heat exchanger tube cleaning apparatus is described. The
furnace comprises a combustion chamber for generating heated gases including
combustion products, a water jacket containing a liquid to be heated and including
heat exchanger tubes passing therethrough and a flue for discharge of the
combustion products. In operation, the heated gases including combustion products
flow from the combustion chamber along the heat exchanger tubes to the flue. As
the heated gases pass along the heat exchanger tubes, heat from the heated gases
is transferred to the liquid in the container, thereby heating the liquid. The efficiency
of heat transfer is increased by helical flights arranged to depend downward into the
respective heat exchanger tubes from a support structure. Specifically, the flights
create turbulence in the flow of the heated gases, thereby improving heat transfer.
However, over time, soot and other combustion products deposit along the heat
exchanger tubes, which will decrease heat transfer efficiency. In this arrangement,
the heat exchanger tubes can be cleaned by raising and lowering the support

structure such that the flights scrape and clean the heat exchanger tubes.
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FURNACE HEAT EXCHANGER TUBE CLEANING SYSTEM

The present invention relates to heat exchangers. More specifically,

the present invention relates to a heat exchanger tube cleaning system.
BACKGROUND OF THE INVENTION:

Boilers commonly consist of a boiler housing, a combustion chamber,
a water jacket for receiving the liquid to be heated, a flue for discharge of the
combustion products and a series of tubes arranged to pass through the water
jacket, thereby connecting the combustion chamber and the flue. Thus, heatea
gases produced in the combustion chamber flow up the tubes to the flue. While the
heated gases pass along the tubes, heat from the gases is transferred to the liquid
in the water jacket. Furthermore, the efficiency of heat transfer may be increased by
creating turbulence in the flow of the heated gases by, for example, placing flights or
spirals within the tubes. However, soot and other debris from the heated gases will
deposit along the inner surface of the tubes as well as on the flights and spirals.
This in turn greatly decreases the efficiency of heat transfer, resulting in higher fuel
costs. Eventually, the boiler must be shut down and each of the heat exchanger
tubes cleaned individually, a difficult and time-consuming process due to the
presence of the flights and/or spirals inserted within the tubes. Clearly, a system for
quickly and easily cleaning heat exchanger tubes is needed.
SUMMARY OF THE INVENTION:

It is one object of the invention, therefore, to provide a system for

cleaning heat exchanger tubes of a boiler apparatus.
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According to a first aspect of the invention, there is provided a boiler

apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated
gases including combustion products;

a flue connected to the boiler housing for discharge of the combustion
products;

a container in the boiler housing for receiving a liquid material to be
heated,

a plurality of vertical tubes passing through the container and
extending from the combustion chamber to the flue for receiving the heated gases
and combustion products and communicating heat from the heated gases to the
liquid material, said tubes each having an inner surface over which the heated
gases and combustion products pass and an outer surface in communication with
the liquid material;

each tube having therein a flight arranged to create turbulence in the
flow of the heated gases, thereby increasing heat transfer from the heated gases
inner surface of the tube, the flight consisting of a strip of rigid material which
extends across the tube and which is helically twisted to define outside flight edges;

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface

of the respective tube and thus forming a contact with the inner surface of the tube;
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a lifting frame structure attached to at least a plurality of the flights for

simultaneously causing longitudinal vertical sliding movement of each of the plurality
of flights relative to the respective tube from an operating position to a raised
position and back to the operating position, the contact of the outside edges of the
strip and the movement thereof effecting a scraping of the inner surface to remove
combustion products deposited on the inner surface by the heated gases; and

a lift actuating assembly for lifting the lifting frame structure.

According to a second aspect of the invention, there is provided a
boiler apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated
gases including combustion products;

a flue connected to the boiler housing for discharge of the combustion
products;

a container in the boiler housing for receiving a liquid matertal to be
heated,;

a plurality of vertical tubes passing through the container and

extending from the combustion chamber to the flue for receiving the heated gases

and combustion products and communicating heat from the heated gases to the
liquid material, said tubes each having an inner surface over which the heatea
gases and combustion products pass and an outer surface in communication with

the liquid material;
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each tube having therein a flight arranged to create turbulence in the

flow of the heated gases, thereby increasing heat transfer from the heated gases
inner surface of the tube, the flight consisting of a strip of rigid material which
extends across the tube and which is helically twisted to define outside flight edges;

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube;

a lifting frame structure attached to at least a plurality of the flights for
simultaneously causing longitudinal vertical sliding movement of each of the plurality
of flights relative to the respective tube from an operating position to a raised
position and back to the operating position, the contact of the outside edges of the
strip and the movement thereof effecting a scraping of the inner surface to remove
combustion products deposited on the inner surface by the heated gases; and

a lift actuating assembly for lifting the lifting frame structure.

each flight including a top portion exposed above the respective tube
with an aperture through said top portion for loosely engaging the lifting frame
structure;

wherein the tubes are arranged in rows and wherein the lifting frame
structure includes a plurality of rods each associated with a respective one of the

rows such that each rod passes loosely through the apertures of the flights of the

respective row, thereby connecting the flights of the respective row to the rod while
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allowing relative movement of each flight relative to the next to prevent binding of

the flights in the tubes.

According to a third aspect of the invention, there is provided a boiler
apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated

gases including combustion products;
a flue connected to the boiler housing for discharge of the combustion

products;

a container in the boiler housing for receiving a liquid material to be

heated,

a plurality of vertical tubes passing through the container and
extending from the combustion chamber to the flue for receiving the heated gases
and combustion products and communicating heat from the heated gases to the
liquid material, said tubes each having an inner surface over which the heated

gases and combustion products pass and an outer surface in communication with

the liquid material;
the tubes being arranged such that upper ends thereof lie in a plurality

of parallel rows

each tube having therein a flight arranged to create turbulence in the

flow of the heated gases, thereby increasing heat transfer from the heated gases
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inner surface of the tube, the flight consisting of a strip of rigid material which

extends across the tube and which is helically twisted to define outside flight edges,

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube
and said flight including a top portion of the strip exposed above the respective tube
with an aperture through said top portion;

a lifting frame structure attached to at least a plurality of the flights for
simultaneously causing longitudinal vertical sliding movement of each of the plurality
of flights relative to the respective tube from an operating position to a raised
position and back to the operating position, the contact of the outside edges of the
strip and the movement thereof effecting a scraping of the inner surface to remove
combustion products deposited on the inner surface by the heated gases; and

the lifting frame structure including a plurality of horizontal rods each
associated with and extending across a respective one of the rows at right angles to
the tubes such that each rod passes loosely through the aperture of the top portion
of each of the flights of the respective row, thereby connecting the flights of the
respective row to the rod while allowing relative movement of each flight relative to
the next to prevent binding of the flights in the tubes;

the lifting frame structure including a transverse horizontal support

beam attached to each rod and extending at right angles to the rods;
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and a lifting lever pivotally mounted on the housing with one end

including a flexible depending member for manual pulling action and a second end
flexibly connected to the transverse beam for lifting the transverse beam, the rods
attached thereto and the flights carried by the rods.
5 According to a fourth aspect of the invention, there is provided a boiler

apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated
gases including combustion products;

10 a flue connected to the boiler housing for discharge of the combustion
products;
a container in the boiler housing for receiving a liquid material to be
heated;
a plurality of vertical tubes passing through the container and
15 extending from the combustion chamber to the flue for receiving the heated gases

and combustion products and communicating heat from the heated gases to the

liquid material, said tubes each having an inner surface over which the heated
gases and combustion products pass and an outer surface in communication with

the liquid material;

20 each tube having therein a flight arranged to create turbulence in the

flow of the heated gases, thereby increasing heat transfer from the heated gases
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inner surface of the tube, the flight consisting of a strip of rigid material which

extends across the tube and which is helically twisted to define outside flight edges;
said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube;
a first lifting frame structure attached to a first plurality of the flights and
a second lifting frame structure attached to a second plurality of the flights, the first
lifting frame being arranged for simultaneously causing longitudinal vertical sliding
movement of each of the first plurality of flights relative to the respective tube from
an operating position to a raised position and back to the operating position and the
second lifting frames being arranged for simultaneously causing longitudinal vertical
sliding movement of each of the second plurality of flights relative to the respective
tube from an operating position to a raised position and back to the operating
position, the contact of the outside edges of the strip and the movement thereof
effecting a scraping of the inner surface to remove combustion products deposited
on the inner surface by the heated gases; and
a first lift actuating assembly for lifting the first lifting frame structure;
and a second lift actuating assembly for lifting the second lifting frame

structure independently of the first.

BRIEF DESCRIPTION OF THE FIGURES:

Figure 1 is a side view in partial cross-section of the boller apparatus.
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Figure 2 is a top view of the boller apparatus.

Figure 3 is a side view of a flight in operating position and in raised
position.
DETAILED DESCRIPTION:

Referring to the drawings, a boiler apparatus 1 comprises a boliler
housing 10, a combustion chamber 12, a flue 14, a container 16, a lifting frame
structure 18 and a lift actuating assembly 20.

The boiler apparatus 1 is arranged within the boiler housing 10 such
that the flue 14 is above the container 16 and the combustion chamber 12 is below
the container 16, as shown in Figure 1. Furthermore, the lifting frame structure 18
contacts the container 16 as described below. The boiler housing 10 further

comprises side walls 22 and a top 24 arranged to include an opening 26 as

described below.

The combustion chamber 12 is arranged for generating heated gases
including combustion products as described below. The combustion chamber 12
comprises a furnace 28, a supply duct 30, fire bricks 32 for insulation, an after-
burner 34, an after-burner inspection door 36, a furnace inspection door 38 and an
ash inspection door 40. The details of the combustion chamber 12 are not shown
as these will be well-known to one skilled in the art.

The container 16 is arranged to hold a liquid to be heated therein. The

container includes heat exchanger tubes 42 arranged in evenly-spaced rows

extending through the container 16. The heat exchanger tubes 42 comprise an
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inner surface 44 over which heated gases pass as described below and an outer

surface 46 which communicates with the liquid in the container 16.
The flue 14 is arranged for discharge of combustion products as

described below.

The lifting frame structure 18 comprises a support beam 48, rods 50
and flights 52. The support beam 48 comprises an upper surface 54 and a lower
surface 56. The rods 50 are connected at right angles to the lower surface 56 of the
support beam 48. Furthermore, the rods 50 are evenly spaced along the lower
surface 56 of the support beam 48 at regular intervals so that the spacing between
the rods 50 is approximately identical to the spacing between the heat exchanger
tubes 42, as shown in Figure 2. The upper surface 54 of the support beam 48
includes a joining member 58 that extends in an upward direction from the support
beam 48 for connecting the lifting frame structure 18 to the lift actuating assembly
20, as described below. Of note is that the joining member 58 is arranged to extend
upwards from the center of the lifting frame structure 18. The flights 52 are helically

twisted and comprise an outside edge 60 and a top portion 62. The top portion 62

includes an aperture 64 for passing one of the rods 50 therethrough. Specifically,

the flights 52 are suspended from the rods 560 by fitting the rods 50 through the
apertures 64 and arranging the flights 52 at evenly-spaced intervals such that the
spacing between the individual flights 52 is approximately identical to the spacing

between the heat exchanger tubes 42. Of note is that the lifting frame structure 13

is arranged to contact the container 16 such that the flights 52 depend downward
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into the respective heat exchanger tubes 42 under their own weight as described

below.

The lift actuating assembly 20 comprises a lever 66, a first cable 68
and a second cable 70. The lever 66 comprises a vertical member 72 and a lever
member 74. The vertical member 72 is attached to the boiler housing 10 so as to
extend vertically from the top 24 of the boiler housing 10. The lever member 74 is
arranged to pivot horizontally upon the vertical member 72 and the lever member 74
comprises a first end 76 and a second end 78. The first cable 68 comprises a first
end 80 and a second end 82 and the second cable 70 comprises a first end 84 and
a second end 86. The first end 76 of the lever member 74 is connected to the first
end 80 of the first cable 68 and the first cable 68 is arranged such that the first cable
68 passes through the opening 26 in the top 24 of the boiler housing 10 for
attachment to the lifting frame structure 18 as described below. The second end 78
of the lever member 74 is connected to the first end 84 of the second cable 70 and
the second cable 70 is arranged such that the second cable 70 extends downward

from the lever member 74 along one side wall 22 of the boiler housing 10. As a
result of this arrangement, pulling in a downward direction on the second end 86 of
the second cable 70 causes the lever member 74 to pivot, thereby pulling the first

cable 68 in an upward direction.

Assembled, the lifting frame structure 18 is fitted into the boiler
housing 10 such that the rods 50 rest upon the container 16 and the flights 52

depend downward into the respective heat exchanger tubes 42. As a result of this
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arrangement, the outside edge 60 of each flight 52 is in a sliding fit within each heat

exchanger tube 42. That is, the outside edge 60 of each flight 52 contacts the inner
surface 44 of the respective heat exchanger tube 42 and each flight 52 is capable of
sliding motion along the inner surface 44 of the respective heat exchanger tube 42.
Next, the second end 82 of the first cable 68 is attached to the joining member 58 of
the lifting frame structure 18. As noted above, pulling the second end 86 of the
second cable 70 in a downward direction causes the first cable 68 to be pulled in an
upward direction. As the first cable 68 is connected to the joining member 58 of the
lifting frame structure 18, pulling downward on the second end 86 of the second
cable 70 causes the lifting frame structure 18 to be lifted upwards. As noted above,
the joining member 58 is positioned at the center of the lifting frame structure 18,
meaning that the lifting frame structure 18 is balanced during raising and lowering of
the lifting frame structure 18. Thus, pulling downward on the second cable 70 lifts
the flights 52 from an operating position wherein the flights 52 are within the
respective heat exchanger tubes 42 to a raised position wherein the flights 52
extend above the respective heat exchanger tubes 42, as shown in Figure 3.

In operation, combustible material, such as, for example, coal, Is
placed in the combustion chamber 12 through the supply duct 30 and burned in the

furnace 28. This produces heated gases including combustion products which flow

upward from the combustion chamber 12, through the heat exchanger tubes 42 of
the container 16 and out of the boiler housing 10 through the flue 14. As the heated

gases pass over the inner surface 44 of the heat exchanger tubes 42, heat from the
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heated gases is transferred to the liquid in the container 16, thereby heating the

liquid. The efficiency of heat exchange is increased by the flights 52 within the heat
exchanger tubes 42, as the flights 52 create turbulence in the flow of the heated
gases. Of note is that during this process, the flights 52 are in the operating
position. Over time, soot and other combustion products will deposit on the inner
surface 44 of the heat exchanger tubes 42 which will in turn decrease the efficiency
of heat exchange between the heated gases and the liquid in the container 16.
However, this can be overcome by cleaning the heat exchanger tubes 42.
Specifically, the inner surfaces 44 of the heat exchanger tubes 42 are cleaned by
grasping the second end 86 of the second cable 70 and pulling downward. This
pulls the first cable 68 in an upward direction, which in turn lifts the lifting frame
structure 18 upwards. Thus, the flights 52 move from the operating position wherein
the flights 52 are within the heat exchanger tubes 42 to a raised position wherein the
flights 52 extend above the heat exchanger tubes 42. During this process, the
outside edge 60 of each flight 52 contacts the inner surface 44 of the respective
heat exchanger tube 42, thereby scraping the inner surface 44 of the respective
heat exchanger tube 42 and removing soot and other debris. The second cable 70

is then released, thereby returning the flights 52 to the operating position. Of note is
that as the flights 52 return to the operating position, the outside edges 60 of the

respective flights 52 contact the inner surfaces 44 of the heat exchanger tubes 42

so that further scraping of the heat exchanger tubes 42 occurs. This process may
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be repeated as many times as necessary to remove the soot and other debris from

the inner surface 44 of the heat exchanger tubes 42.

In an alternative embodiment, the boiler apparatus 10 may be

arranged to include two or more lifting frame structures 18, arranged such that each
lifting frame structure 18 may be lifted independently of the other.

Since various modifications can be made in my invention as herein
above described, and many apparently widely different embodiments of same made
within the spirit and scope of the claims without departing from such spirit and
scope, it is intended that all matter contained in the accompanying specification

shall be interpreted as illustrative only and not in a limiting sense.
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CLAIMS:

1. A boiler apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated
gases including combustion products;

a flue connected to the boiler housing for discharge of the combustion
products;

a container in the boiler housing for receiving a liquid material to be
heated;

a plurality of vertical tubes passing through the container anad
extending from the combustion chamber to the flue for receiving the heated gases
and combustion products and communicating heat from the heated gases to the
liquid material, said tubes each having an inner surface over which the heated gases
and combustion products pass and an outer surface in communication with the liquid
material;

each tube having therein a flight arranged to create turbulence in the
flow of the heated gases, thereby increasing heat transfer from the heated gases
inner surface of the tube, the flight consisting of a strip of rigid material which
extends across the tube and which is helically twisted to define outside flight edges;

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube;

and a boiler tube cleaning device comprising:
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a lifting frame structure attached to at least a plurality of the

flights for simultaneously causing longitudinal vertical sliding movement of each of
the plurality of flights relative to the respective tube from an operating position to a
raised position and back to the operating position, the contact of the outside edges
of the strip and the distance of movement thereof being sufficient to effect cleaning
by scraping of the inner surface to remove combustion products deposited on the
inner surface by the heated gases; and

a lift actuating assembly for lifting the lifting frame structure.

2. The boiler apparatus according to Claim 1 including a first lifting
frame structure connected to a first plurality of the flights and a second lifting frame
structure attached to a second plurality of the flights, each lifting frame structure
being liftable independently of the other.

3. The boiler apparatus according to Claim 1 or 2 wherein the
flights are each suspended from the lifting frame structure so as to depend into the
respective tube.

4. The boiler apparatus according to Claim 1, 2 or 3 wherein the
flights are arranged so that each slides downwardly of the respective tube under its
own weight.

5. The boiler apparatus according to Claim 1, 2, 3 or 4 wherein the
tubes are arranged such that upper ends thereof lie in a plurality of parallel rows.

6. The boiler apparatus according to Claim 1, 2, 3, 4 or 5 wherein

each flight includes a top portion exposed above the respective tube with an

aperture through said top portion for loosely engaging the lifting frame structure.
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7. The boiler apparatus according to Claim 6 wherein the tubes are

arranged in rows and wherein the lifting frame structure includes a plurality of rods
each associated with a respective one of the rows such that each rod passes loosely
through the apertures of the flights of the respective row, thereby connecting the

5 flights of the respective row to the rod while allowing relative movement of each flight
relative to the next to prevent binding of the flights in the tubes.

8. The boiler apparatus according to Claim 7 wherein the lifting
frame structure includes a beam at right angles to the rods and interconnecting the
rods so as to lift the rods simultaneously.

10 0. The boiler apparatus according to any one of Claims 1 to 8
wherein the lift actuating assembly comprises a lever pivotally mounted on the boiler
housing having a first end connected to a flexible, depending cable for manuali
pulling action and a second end connected to the lifting frame structure.

10. A boiler apparatus comprising:

15 a boiler housing;

a combustion chamber in the boiler housing for generating heated
gases including combustion products;

a flue connected to the boiler housing for discharge of the combustion
products;

20 a container in the boiler housing for receiving a liquid material to be

heated,
a plurality of vertical tubes passing through the container and

extending from the combustion chamber to the flue for receiving the heated gases
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and combustion products and communicating heat from the heated gases to the

liquid material, said tubes each having an inner surface over which the heated gases
and combustion products pass and an outer surface in communication with the liquid
material;

each tube having therein a flight arranged to create turbulence in the
flow of the heated gases, thereby increasing heat transfer from the heated gases
inner surface of the tube, the flight consisting of a strip of rigid material which
extends across the tube and which is helically twisted to define outside flight edges;

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube;

and a boiler tube cleaning device comprising:

a lifting frame structure attached to at least a plurality of the
flights for simultaneously causing longitudinal vertical sliding movement of each of
the plurality of flights relative to the respective tube from an operating position to a
raised position and back to the operating position, the contact of the outside edges
of the strip and the movement thereof being sufficient to effect cleaning by scraping
of the inner surface to remove combustion products deposited on the inner surface
by the heated gases; and

a lift actuating assembly for lifting the lifting frame structure;

each flight including a top portion exposed above the respective
tube with an aperture through said top portion for loosely engaging the lifting frame

structure;

B B o o s = =
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wherein the tubes are arranged in rows and wherein the lifting

frame structure includes a plurality of rods each associated with a respective one of
the rows such that each rod passes loosely through the apertures of the flights of the
respective row, thereby connecting the flights of the respective row to the rod while
allowing relative movement of each flight relative to the next to prevent binding of the
flights in the tubes.

11. The boiler apparatus according to Claim 10 wherein the lifting
frame structure includes a beam at right angles to the rods and interconnecting the
rods so as to lift the rods simultaneously.

12.  The boiler apparatus according to Claim 10 or 11 wherein the lift
actuating assembly comprises a lever pivotally mounted on the boiler housing
having a first end connected to a flexible, depending cable for manual pulling action
and a second end connected to the lifting frame structure

13. A boiler apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated
gases including combustion products;

a flue connected to the boiler housing for discharge of the combustion
products;

a container in the boiler housing for receiving a liquid material to be

heated;
a plurality of vertical tubes passing through the container and

extending from the combustion chamber to the flue for receiving the heated gases
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and combustion products and communicating heat from the heated gases to the

liquid material, said tubes each having an inner surface over which the heated gases
and combustion products pass and an outer surface in communication with the liquid

material;

the tubes being arranged such that upper ends thereof lie in a plurality
of parallel rows

each tube having therein a flight arranged to create turbulence in the
flow of the heated gases, thereby increasing heat transfer from the heated gases
inner surface of the tube, the flight consisting of a strip of rigid material which
extends across the tube and which is helically twisted to define outside flight edges;

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube
and said flight including a top portion of the strip exposed above the respective tube
with an aperture through said top portion;

and a boiler tube cleaning device comprising:

a lifting frame structure attached to at least a plurality of the
flights for simultaneously causing longitudinal vertical sliding movement of each of
the plurality of flights relative to the respective tube from an operating position to a
raised position and back to the operating position, the contact of the outside edges
of the strip and the movement thereof being sufficient to effect cleaning by scraping
of the inner surface to remove combustion products deposited on the inner surface

by the heated gases; and
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the lifting frame structure including a plurality of horizontal rods

each associated with and extending across a respective one of the rows at right
angles to the tubes such that each rod passes loosely through the aperture of the
top portion of each of the flights of the respective row, thereby connecting the flights
of the respective row to the rod while allowing relative movement of each flight
relative to the next to prevent binding of the flights in the tubes;

the lifting frame structure including a transverse horizontal
support beam attached to each rod and extending at right angles to the rods;

and a lifting lever pivotally mounted on the housing with one end
including a flexible depending member for manual pulling action and a second end
flexibly connected to the transverse beam for lifting the transverse beam, the rods
attached thereto and the flights carried by the rods.

14. The boiler apparatus according to Claim 13 including a first
lifting frame structure connected to a first plurality of the flights and a second lifting
frame structure attached to a second plurality of the flights, each lifting frame
structure being liftable independently of the other.

15. The boiler apparatus according to Claim 13 or 14 wherein the
flights are arranged so that each slides downwardly of the respective tube under its
own weight.

16. A boiler apparatus comprising:

a boiler housing;

a combustion chamber in the boiler housing for generating heated

gases including combustion products;
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a flue connected to the boiler housing for discharge of the combustion
products;
a container in the boiler housing for receiving a liquid material to be
heated;

a plurality of vertical tubes passing through the container and
extending from the combustion chamber to the flue for receiving the heated gases
and combustion products and communicating heat from the heated gases to the
liquid material, said tubes each having an inner surface over which the heated gases
and combustion products pass and an outer surface in communication with the liquid
material;

each tube having therein a flight arranged to create turbulence in the
flow of the heated gases, thereby increasing heat transfer from the heated gases
inner surface of the tube, the flight consisting of a strip of rigid material which
extends across the tube and which is helically twisted to define outside flight edges;

said helically twisted flight and said outside flight edges thereof being
arranged such that the outside flight edges define a sliding fit with the inner surface
of the respective tube and thus forming a contact with the inner surface of the tube;

and a boiler tube cleaning device comprising:

a first lifting frame structure attached to a first plurality of the
flights and a second lifting frame structure attached to a second plurality of the
flights, the first lifting frame being arranged for simultaneously causing longitudinal
vertical sliding movement of each of the first plurality of flights relative to the

respective tube from an operating position to a raised position and back to the
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operating position and the second lifting frames being arranged for simultaneously

causing longitudinal vertical sliding movement of each of the second plurality of
flights relative to the respective tube from an operating position to a raised position
and back to the operating position, the contact of the outside edges of the strip and
the movement thereof being sufficient to effect cleaning by scraping of the inner
surface to remove combustion products deposited on the inner surface by the
heated gases; and

a first lift actuating assembly for lifting the first lifting frame
structure;

and a second lift actuating assembly for lifting the second lifting
frame structure independently of the first.

17. The boiler apparatus according to Claim 16 wherein the flights
are each suspended from the respective one of the first and second lifting frame
structures so as to depend into the respective tube.

18. The boiler apparatus according to Claim 16 or 17 wherein the

tubes are arranged such that upper ends thereof lie in a plurality of parallel rows.
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