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A method and apparatus for separately supporting and sealing
a heat pipe within a heat exchanger. For support, the heat pipe
with fins thereon passes through a support grid which consists
of a series of rings secured or interconnected together. The
fins of the heat pipe rest upon these rings of the support grid
thereby supporting this region of the heat pipe. To seal these
heat pipes in order to prevent any gas escape from the heat
exchanger, a tubesheet with openings therein is placed over the
ends of the heat pipe. These openings are oversized thus a
considerable gap exists between the tubesheet and the heat pipe.
This gap is covered or sealed by use of a cover disk which
tightly fits around the heat pipe and spans across this gap
before it  is removably secured to the tubesheet. By this
fashion, once the cover disk is removed from the tubesheet, it
is a relatively easy task to then remove the tubesheet and the
heat pipe from the heat exchanger for maintenance or repair

purposes,
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ABSTRACT QF THE DISCLOSURE

A method and apparatus for separately supporting and sealing
a heat pipe within a heat exchanger. For support, the heat pipe
with fins thereon passes through a support grid which consists
of a series of rings secured or interconnected together. The
fins of the heat pipe rest upon these rings of the support grid
thereby supporting this region of the heat pipe. To seal these
heat pipes in order to prevent any gas escape from the heat
exchanger, a tubesheet with openings therein is placed over the
ends of the heat pipe. These openings are oversized thus a
considerable gap exists between the tubesheet and the heat pipe.
This gap is covered or sealed by use of a cover disk which
tightly fits around the heat pipe and spans across this gap
before it is removably secured to the tubesheet. By this
fashion, once the cover disk is removed from the tubesheet, it
is a relatively easy task to then remove the tubesheet and the
heat pipe from the heat exchanger for maintenance or repair

purposes.




P/00/011
Regulation 3.2

AUSTRALIA
Patents Act 1990

ORIGINAL
COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title: HEAT PIPE HEAT EXCHANGER TUBE SHEET

The following statement is a full description of this invention, including

the best method of performing it known to us:

GH REF: P21802-E:RPW;:RK




10

25

_1A-

HEAT PIPE HEAT EXCHANGER TUBESHEET

FIELD OF THE INVENTION

This invention pertains to the tubesheet found in heat pipe
heat exchangers and more particularly to a new design for such
a tubesheet that permits easier removal of the heat pipe from the
heat exchanger.

BACKGROUND OF THE INVENTION

Heat pipe heat exchangers generally consist of two separated
flow channels (one for cold air and the other for hot gas) across
which multiple rows of heat pipe extend. These various heat
pipes contain the heat exchange medium (often water) that enables
a heat exchange between these separate flow streams.

To maintain the separation of the flow streams, a divider
plate is generally installed in the middle region of the heat
exchanger with a tubesheet placed around the opposite ends of the
elongated heat pipe. Such a tubesheet often serves a dual
function of both supporting the heat pipe and sealing the f{low
channel. Otherwise, air or gas may by-pass the heat transfer
surface thereby reducing its efficiency.

Typical tubesheets often consist of a flat plate, usually
metal, having a series of holes or openings therein. These
openings are generally sized slightly larger than the diameter
of the heat pipe so that a wear sleeve can be installed around
the heat pipe before being welded to the heat pipe.

Unfortunately, should a heat pipe need to be removed for any

reason, the tubesheet must £irst be reroved so that access to the
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heat pipe can be achieved. Such removal is extremely
difficult if the heat exchanger has been in service for
any extended period of time due to corrosion and the
like. Also, the small tubesheet clearance provided by
the wear sleeve is not of significant assistance.

Generally, the area of the tubesheet around the heat
pipe must be physically cut, such as by a torch, before
the heat pipe can be removed. This necessitates either
the recycling of the cut tubesheet plug or the
manufacture of a new one which must be installed after
the heat pipe is replaced or re-installed. Such an
operation increases the cost of working on or repairing
heat pipe both in the field and in the shop.

It would be advantageous if at least preferred forms
of this invention provided a new design for a tubesheet
that enables easy removal of heat pipe without the need
to physically cut or otherwise damage the tubesheet.
Also, it would be advantageous if at least preferred
forms of this invention provided a means of sealing the
tubesheet against the heat pipe with such seals being
removable when the heat pipe is to be removed, Further,
it would be advantageous if at least preferred forms of
this invention provided a means of supporting the ends of
the heat pipe separate from the sealing assembly.
hdvantages of at least preferred forms of this invention
will become apparent upon further investigation.

SUMMARY OF THE INVENTION

This invention pertaing to a heat exchanger
tubesheet design that consists of a support assembly used
to support heat pipe within a heat exchanger. A
separate tubesheet is positioned adjacent this

support assembly with this tubesheet having a

__________________[Gfi




plurality of openings therein that are sized larger than
the diameter of the heat pipe passing therethrough. Each
of these openings are oversized thereby defining a gap
between its respective heat pipe and the tubesheet. To

5 seal the heat pipe within its respective opening in the
tubesheet, a sealing assembly is installed which spans and
thereby closes this gap. This sealing assembly is then
secured across this gap to the tubesheet.

Thus, according to a first aspect of this invention,

10 there is provided a heat exchanger tubesheet design

comprising:
ST (a) support means for supporting heat pipe therein,
.;:% said support means comprising a plurality of rings
R secured together, each with a heat pipe passing
.::é 15 therethrough, each heat pipe being supported by one
; ’ of the said rings;
Pl (b) a separate tubesheet adjacent said support means,

said tubesheet having a plurality of openings
: therein sized larger than the diameter of the heat
20 pipe passing therethrough, each said opening
defining a gap between its respective heat pipe and
said tubesheet;
*at, (c) sealing means for sealing the heat pipe within its
H respective opening in said tubesheet, said sealing
' 25 means spanning said gap; and,
(d) means for securing said sealing means across said
gap and to said tubesheet.
According to a second aspect of this invention is
provided a method of supporting and sealing a heat pipe
30 within a heat exchanger comprising the steps of:
{a) supporting heat pipe within the heat exchanger
via a support assembly;
(b} positioning a separate tubesheet adjacent said
support assembly, said tubesheet having a plurality
35 of openings therein sized larger than the diameter
of the heat pipe passing therethrough, each said

opening

J:\Specil200 - 299\250 - 299\29415.doc
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defining a gap between its respective heat pipe

and said tubesheet;
(¢} ceiling the heat pipe within its respective
opening in said tubesheet via a sealing assembly, said
sealing assembly spanning said gap;
(d) securing said sealing means across said gap and to
said tubesheet;
(e)passing the heat pipe through said support
assembly, said support assembly comprising a plurality

of rings secured together.
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Fig. 9 is a sectional view taken along lines 9-9 of Fig, 8.

Fig. 10 is a front pictorial view of the cover disc used to
removably seal the heat pipe with respect to the tubesheet.

Fig. 11 is a sectional view taken along lines 11-11 of Fig.
10.

Fig. 12 is a front pictorial view of an alternate cover disc
which may be used to removably seal the heat pipe with respect
to the tubesheet.

Fig. 13 is a sectional view taken along lines 13~13 of Fig.
1z2.

Fig. 14 is a front pictorial view of the wear sleeve often
placed intermediate the heat tube and the tubesheet.

Fig. 15 is a sectional view taken along lines 15-15 of Fig.
14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring initially to Fig. 1, there is shown typical heat
pipe heat exchanger 10 illustrating the flow of cold gas 12
(generally air) and hot gas 14 (generally a flue gas)
therethrough. A divider plate 16 in a middle region of heat
exchanger 10 separates these flow streams 12 and 14. Adjacent
the opposite sides of heat exchanger 10 are tubesheets 18 which,
along with housing 20 of heat exchanger 10, complete the
enclosure of flow streams 12 and 14. Extending through each such
flow enclosure (and hence divider plate 16 and tubesheets 18) are
a plurality of capped heat pipe 22. Each heat pipe 22 has a
multitude of fins 24 secured to its outer perimeter for greater

neat exchange with gases 12 and 14. The purpose of heat
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exchanger 10 is to permit a heat exchange between gases 12 and
14 without any intermixing of such gases. Such heat exchange is
accomplished by an exchange medium (usually water) contained
within each heat pipe 22.

Referring now to Fig. 2, there is shown typical tubesheet
18 configured with a series of openings 26 therein. It is
through these openings 26 that heat pipe 22 extend.
Consequently, these openings 26 are arranged so as to maximize
the benefit of the placement of heat pipe 22 within heat
exchanger 10. However, openings 26 are sized smaller than fins
24 such that heat pipe 22 is not able to be simply pulled through
tubesheet 18.

Figs. 3-5 illustrate the conventional or typical manner of
installing heat pipe 22 through tubesheet 18. As shown, wear
sleeve 28 is generally tack welded to heat pipe 22 over the
region of heat pipe 22 that is to engage tubesheet 18. Wear
sleeve 28 is preferably not also welded to tubesheet 18, but
instead is allowed to slip or thermally expand and/or contract
(along with heat pipe 22) with respect to tube sheet 18. This
wear sleeve 28 is employed as a wear protector in order to
prevent any thinning of heat pipe 22 at this connection, such as
by the thermal expansion or contraction of heat pipe 22. Since
wear sleeve 28 is typically welded to heat pipe 22 which is then
placed through tubesheet 18, such an arrangement not only
provides end support directly to heat pipe 22, but this
connection also seals gases 12 and 14 within their respective

enclosures. Structural support is provided by tubesheet 18 and
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the subseguent securement of tubesheet 18 to heat exchanger 10.
The gas seal is achieved by the tight fit of wear sleeve 28
through tubesheet 18. Because of the need for such a tight fit,
opening 26 cannot be sized much larger than the outer diameter
of wear sleeve 28 otherwise leakage of cold gas 12 or hot gas 14
would occur. Consequently, these openings 26 must be sized
smaller than fins 24 which thereby prevents heat pipe 22 from
simply being pulled out through opening 26. Thus, once installed
in this manner, before a heat pipe 22 can be removed from heat
exchanger 10, tubesheet 18 must be cut or removed such as by a
torch or saw or the like. Such removal of heat pipe 22 is often
necessary for repair and/or inspection purposes.

Figs. 6 through 15 illustrate the invention which is an
improvement to the method and apparatus currently used to seal
and support heat pipe 22 in heat exchanger 10. As shown, the
steps of sealing and supporting heat pipe 22 are not combined as
in the typical method, but instead are accomplished by separate
adjacent structure (although the sealing structure may also
provide some support to heat pipe 22).

Support of heat pipe 22 is accomplished by support grid 30
which generally consist of a series of rings 32 that are welded
or otherwise secured or connected together. Fig. 8 discloses one
arrangement of rings 32 to form support grid 30 while Fig. 9
discloses a typical configuration of each such ring 32. As shown
in Fig. 6, the fins 24 of each heat pipe 22 will engage and rest
upon the inside diameter of rings 32 thereby providing support

to this portion of heat pipe 22. This manner of support is also
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able to accommodate any thermal expansion or contraction that may
occur between heat pipe 22 and ring 32. Obviously, the actual
arrangement of rings 32 in support grid 30 must coincide with
openings 34 in tubesheet 36.

The sealing of heat pipe 22 so as to prevent any gas from
escaping its enclosure is accomplished by annular sealing or
cover disks 38 as shown in Figs. 10-13. These annular disks 38
are sized to slip over the end of each heat pipe 22 before being
secured to tube sheet 36. These disks 38 can be secured in place
either by screws 40, by high-temperature silicone sealant 42, or
by scme other such method. This method of securement allows for
thermal expansion or slip between heat pipe 22 and disk 38. 1In
any event, the inside diameter of each disk 38 is sized slightly
larger than heat pipe 22 (or its respective wear sleeve 28) so
as to act as a flow barrier to gases 12 and 14 passing through
heat exchanger 10. The outside diameter of each disk 38 is sized
greater than openings 34 so as to cover them.

These opening 34 can now be over-sized thereby including or
incorporating a gap 44 between opening 34 and heat pipe 22 (or
wear sleeve 28) since this gap 44 will now be covered or closed
by disk 38. Conseguently, once this disk 38 is removed (such
action being relatively easily accomplished}, the heat pipe 22
will no longer be physically secured to tube sheet 36 thereby
making its removal from heat exchanger 10 easier. Also, since
heat pipe 22 is now supported by resting its fins 24 within rings
32, this manner of support will also pese no additional

difficulity to the removal of heat pipe 22.
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Figs. 14 and 15 disclose a typical wear sleeve 28 which is
placed over the region of the heat pipe 22 that will engage disk
38. This wear sleeve 28 prevents any thinning of the heat pipe
22 at this location due to any metal-to-metal erosion or movement
between heat pipe 22 and disk 38.

This new tubesheet 36 with oversized openings 34 therein can
be installed in the typical manner such as by bolting it into the
perimeter of housing 20. Cover disk 38 would then be placed over
the end region of heat pipe 22 to seal this heat pipe 22 in
place. Afterwards, if it is ascertained that only a section of
the heat pipe bundle must be removed, tubesheet 36 can be
sectioned or cut in the normal manner so as to remove only the
affected portion. The separation of tubesheet 36 from the heat
plpe 22 is now relatively easily accomplished since it now only
requires the removal of cover disk 38 from arocund each affected
heat pipe 22. Once tubesheet 36 is removed, heat pipe 22 can
likewise be easily removed by simply lifting it from its resting
place upon ring 32.

Some of the advantages of this invention include a simple,
flexible and inexpensive method of installing heat pipe 22 within
a heat exchanger 10. This invention also provides a simple and
inexpensive method of removing such heat pipe 22 in the field
should conditions ever warrant such removal. Also, while the
above was described with respect to the cold side of heat
exchanger 10, such a tubesheet 36 and method of installation can
be applied to the hot side as well. Furthermore, in lieu of

cover disks 38, a second more typical tubesheet 18 (i.e. one with
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tightly fitting openings 26 therein) which has been sectioned
into several pieces can be placed over the tubesheet 36 of this
invention. This sectioned typical tubesheet 18 can be secured
to larger tubesheet 36 by simple fasteners or via silicone
sealant. In this fashion, more than one gap 44 between the heat

pipe 22 and openings 34 in tubesheet 36 can be sealed at a time.
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The claims defining the invention are as follows:

1. A heat exchanger tubesheet design comprising:
(a) support means for supporting heat pipe therein,

5 said support means comprising a plurality of rings
secured together, each with a heat pipe passing
therethrough, each heat pipe being supported by one
of the said rings:

(b) a separate tubesheet adjacent said support means,
10 said tubesheet having a plurality of openings
therein sized larger than the diameter of the heat
pipe passing therethrough, each said opening
defining a gap between its respective heat pipe and
TN said tubesheet;
. 15 (c) sealing means for sealing the heat pipe within its
respective opening in said tubesheet, said sealing
means spanning said gap; and,

(d) means for securing said sealing means across said

et gap and to said tubesheet.
T 20 2. The apparatus as set forth in claim 1 wherein said
cgeeel sealing means is removably secured to said tubesheet.
3. The apparatus as set forth in claim 2 wherein said
. sealing means comprise an annular disk sealably secured to

said tubesheet.

25 4. The apparatus as set forth in claim 3 wherein each
heat pipe has fins thereon and wherein said rings have a
diameter larger than the outer diameter of any fin secured
to the heat pipe passing therethrough.

5. The apparatus as set forth in claim 4 wherein one or

30 more fins of the heat pipe extend within and rest upon its
respective said ring.

6. The apparatus as set forth in claim 5 further
comprising a wear sleeve positioned around the heat pipe at
its juncture with said sealing means.

3% 7. The apparatus as set forth in claim 5 wherein said

annular digk is threadably secured to said tubesheet.

8. A method of supporting and sealing a heat pipe within

J:\Specil200 - 299\250 - 299129415 .doc
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a heat exchanger comprising the steps of:

11

(a) supporting heat pipe within the heat exchanger via a
support assembly;

(b) positioning a separate tubesheet adjacent said
support assembly, said tubesheet having a plurality of
openings therein sized larger than the diameter of the
heat pipe passing therethrough, each said opening
defining a gap between its respective heat pipe and
said tubesheet;

(c) sealing the heat pipe within its respective opening
in said tubesheet via a sealing assembly, said sealing
assembly spanning said gap;

(d) securing said sealing means across said gap and to
said tubesheet;

(e) passing the heat pipe through said support assembly,
said support assembly comprising a plurality of rings
secured together.

9. The method as set forth in claim 8 further comprising
the step of removably securing said sealing assembly to
gaid tubesheet.

10. The method as set forth in claim 9 further comprising

the step of comstructing and arranging said sealing
assembly as an annular disk which is sealably secured to
gsaid tubesheet.

11. The method as set forth in claim 9 further comprising
the step of constructing and arranging said rings with a
diameter larger than the outer diameter of any fin secured
to the heat pipe passing therethrough.

12. The method as set forth in claim 11 further comprising
the step of arranging one or more fins of the heat pipe to
extend within and rest upon its respective said ring.

13. The method as set forth in claim 12 further comprising
the step of positioning a wear sleeve around the heat pipe
at its juncture with said sealing assembly.

14. The method as set forth in claim 12 further comprising
the step of threadably securing said annular disk to said
tubesheet.

J:\5peci\200 - 299\250 - 299\29415.doc
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15. A heat exchanger tubesheet design substantially as
herein described with reference to Figures 6 to 15 of the
accompanying drawings.

16. A method of supporting and sealing a heat pipe within
a heat exchanger substantially as herein described with
reference to Figures 6 to 15 of the accompanying drawings.

Dated this &th day of January 1999
HUDSON PRODUCTS CORPORATION
By their Patent Attorneys
GRIFFITH HACK
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