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HEAT PIPES
AND
USE OF HEAT PIPES IN FURNACE EXHAUST

NOTICE OF GOVERNMENT SUPPORT
[0001] This invention was made with Government support under
Contract No. DE-FC36-04G014044 awarded by the Department of Energy.
The United States government may have certain rights in this invention.

RELATED PATENT APPLICATION
[0002] This application is related to U.S. Patent Application Serial No.

filed even date in the name of Adam D. Polcyn and titled “A
DEVICE FOR USE IN A FURNACE EXHAUST STREAM FOR
THERMOELECTRIC GENERATION.”

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0003] This invention relates to heat pipes and the use of heat pipes in
the exhaust of a furnace, e.g. a furnace for melting glass batch materials and
homogenizing molten glass, and more particularly, to a heat pipe array
mounted in the exhaust flue of a furnace to transfer heat from the exhaust gas
moving through the exhaust flue to heat conversion equipment or devices
positioned outside the furnace walls to use the heat as is, or to convert the
heat to another form of energy, e.g. electrical or mechanical energy.

2. Discussion of the Presently Available Technology

[0004] As is appreciated by those skilled in the art, a heat pipe is a
device that can transfer heat from one point to another, e.g. transfer heat from
a heated environment to a position where the heat is used as is, e.g. to heat
an area, or to convert the heat to another form of energy, e.g. electrical or
mechanical energy.

[0005] Although heat pipes are acceptable for heat transfer, the
positioning of the heat pipes in certain heated environments has limitations.
One such heated environment is heated exhaust gas having a low-pressure
drop and a low gas flow as the exhaust gas moves through the exhaust flue of
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the furnace. When a heat pipe is positioned in the exhaust flue, the flow rate
of the exhaust gases is reduced, which can result in disadvantageous effects
on the glass melting process.

[0006] As can be appreciated by those skilled in the art, it would be
advantageous to position one or more heat pipes in the exhaust flue of a
furnace to transfer heat from the exhaust gas to heat conversion equipment or
devices positioned outside the furnace wall, while not adversely disturbing the
thermal equilibrium of the heating chamber of the furnace.

SUMMARY OF THE INVENITON
[0007] This invention relates to an arrangement for transferring heat

from a first position located in a passageway defined by inner surface of a
wall, e.g. the exhaust flue of a furnace to a second position located adjacent
outer surface of the wall. The arrangement includes, among other things, an
array of a plurality of elongated heat pipes mounted in the wall, each of the
heat pipes having a first end in the first position and an opposite second end
in the second paosition.

[0008] This invention further relates to a heat transfer device, including,
among other things, a heat pipe; a plurality of spaced elongated heat
absorbing members having one end mounted to outer surface of the heat pipe
and extending outwardly from the outer surface of the heat pipe.

[0009] The invention still further relates to a method of transferring heat
from exhaust system of a furnace to a position outside of the exhaust system,
includes, among other things, mounting an array of a plurality of heat pipes in
a furnace wall with one end of the array in the exhaust system and the
opposite second end of the array outside the exhaust system; moving exhaust
gases through the exhaust system and over the array to heat the second end
of the array, and removing heat from the second end of the array.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a schematic vertical section across the width of a cross-

fired, regenerative furnace for melting glass batch materials, the furnace
having devices of the invention mounted through the walls of the furnace.
[0011] Fig. 2 is a schematic vertical step section across the width of an
oxygen fired furnace for melting glass batch materials, the side to the left of
the center line (“CL") in Fig. 2 is a cross sectional side view of the exhaust
flue, and the side to the right of CL in Fig. 2 is a cross sectional side view of
the furnace between the exhaust flues.

[0012] Fig. 3 is an elevated cross sectional side view of a heat pipe that
can be used in the practice of the invention.

[0013] Fig. 4 is an elevated isometric side-back view of an array of a
plurality of heat pipes incorporating features of the invention.

[0014] Fig. 5 is an elevated front view of the array of the plurality of
heat pipes shown in Fig. 4.

[0015] Fig. 6 is a partial view of a furnace wall having the array of the
plurality of heat pipes shown in Fig. 4 mounted in the furnace wall in
accordance to the teachings of the invention.

[0016] Fig. 7 is an elevated front view of another non-limiting
embodiment of an array of a plurality of heat pipes.

[0017] Fig. 8 is an elevated end view of still another non-limiting
embodiment of an array of a plurality of heat pipes.

[0018] Fig. 9 is a top view of the array of a plurality of heat pipes shown
in Fig. 8.
[0019] Fig. 10 is a cross sectional side view of a furnace flue

incorporating features of the invention.

[0020] Fig. 11 is a top view of a checker arrangement incorporating
features of the invention.

[0021] Fig. 12 is an elevated top view of a cold end of a heat pipe
showing heat conversion equipment mounted on the cold end of a heat pipe.
[0022] Fig. 13 is a cross sectional view side showing the interior of a
thermoelectric device, the device can be used in the practice of the invention.
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[0023] Fig. 14 is an elevated top view showing heat conversion
equipment mounted on the cold end of three heat pipes in accordance to the
teachings of the invention.

[0024] Fig. 15 is an elevated plane view of a heat pipe having two cold
ends.

DESCRIPTION OF THE INVENTION
[0025] As used herein, spatial or directional terms, such as “inner”,

“outer”, “left”, “right”, “up”, “down”, “horizontal”, “vertical’, and the like, relate to
the invention as it is shown in the drawing figures. However, it is to be
understood that the invention can assume various alternative orientations
and, accordingly, such terms are not to be considered as limiting. Further, all
numbers expressing dimensions, physical characteristics, and so forth, used
in the specification and claims are to be understood as being modified in all
instances by the term “about”. Accordingly, unless indicated to the contrary,
the numerical values set forth in the following specification and claims can
vary depending upon the desired property is sought to be obtained by the
present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.
Moreover, all ranges disclosed herein are to be understood to encompass any
and all subranges subsumed therein. For example, a stated range of “1 to 10”
should be considered to include any and all subranges between (and inclusive
of) the minimum value of 1 and the maximum value of 10; that is, all
subranges beginning with a minimum value of 1 or more and ending with a
maximum value of 10 or less, e.g., 110 6.7, 0r 3.210 8.1, or 5.5t0 10. Also,
as used herein, the terms “mounted over”, “positioned over”, or “provided
over” mean mounted, positioned, or provided on but not necessarily in surface
contact with. For example, one article “provided over” another article does not
preclude the presence of materials of between the articles.

[0026] Before discussing several non-limiting embodiments of the
invention, it is understood that the invention is not limited in its application to

-4-
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the detalils of the particular non-limiting embodiments shown and discussed
herein since the invention is capable of other embodiments. Further, the
terminology used herein to discuss the invention is for the purpose of
description and is not of limitation. Still further, unless indicated otherwise, in
the following discussion like numbers refer to like elements.

10027 i the following discussion, non-limiting embodiments of the
invention are discussed for use with g furmace for melling glass baich
malferials and/or homogenizing mollen glass, however, as will be appreciated,
the invention is not limiled thereto, and it is understood that while furnaces for
heating particular materials are being described as illustrative examples, the
invention is not limited thereto and can be used on any type of furnace to heat
any type of material, e.g. but not limited to, a glass forming chamber of the
type used in the art to make float glass; furnaces for refining ores to metals;
furnaces for changing physical properties of materials, e.g. but not limited to
annealing glass and metals; furnaces for making plastics, and furnaces for
burning any type of materials, e.g. but not limited to wood, coal and gas.
[0028] Shown in Figs. 1 and 2 gre types of furnaces generally used {o
melt glass batch materials and 1o homogenize molten glass. Furnace 20
shown in Fig. 1 i known in the art as 8 regenerative or Slemens furmace and
is similar to Fig. 1A of U.S. Patent No. 4,256,173, and furnagcs 22 shown in
Fig. 2 s known in the artis a ragenerative fumace converted 1o an oxygen
fired furnace. With reference to Fig. 1, glass batch materials of the type used
in the art to make float glass are melted in the heating chamber 24 of the
furnace 20. Regenerators 30 and 32 go through a cycle including a firing
period and a non-firing period to melt the glass batch materials. More
particularly, when the regenerators on one side of the heating chamber 24,
e.g. the regenerators 30 are in their firing period, the regenerators on the
opposite side of the heating chamber 24, e.g. the regenerators 32 are in their
non-firing period, and when the regenerators 30 are in their non-firing period,
the regenerators 32 are in their firing period. During the non-firing period,
heated exhaust gases from the heating chamber 24 move through ports 34,
through checkers 36 in the regenerators and out through the remaining part of
the flue system of the regenerators, e.g. bypass flue 37 that are in the non-
firing period. As the exhaust gases move over the checkers 36, the checkers

-5-
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are heated and the exhaust gases are cooled.

[0029] During the firing period, combustion gas, e.g. air is moved
through the regenerators in the firing period, through the checkers 36 to heat
the combustion gas, and through the ports 34. As the combustion gas moves
through the ports 34, it mixes with fuel from nozzles 38. The mixture is ignited
and the flame of the ignited mixture is directed into the heating chamber 24
toward the ports 34 of the regenerators in the non-firing period to melt the
glass batch materials. For a more detailed discussion of the operation of a
regenerative furnace of the type shown in Fig. 1, reference can be made to
U.S. Patent No. 4,256,173, which patent is hereby incorporated by reference.
[0030] With reference to Fig. 2, the oxygen-fired furnace 22 shown in
Fig. 2 is a regenerative furnace, a.g. of the type shown in Fig. 1 modified to be
an oxygen fired furnace with the modifications of interest to this discussion
including the absence of checkers 36 from the regenerators 30 and 32 to
provide exhaust flues 40 and 42 (absence of the checkers 36 from the

flues 40 and 42 clearly shown for the exhaust flue 40 shown on the left side of
Fig. 2), and mounting fuel nozzles 44 through furnace wall 46 as shown at the
right side of Fig. 2 at a position between ports 48 of the oxygen fired furnace.
In the operation of the oxygen fired furnace 22, oxygen and fuel are mixed
and fired from the position of the nozzles 44 (only one shown in Fig. 2). The
flame of the ignited mixture is directed into the heating chamber 24 of the
furnace 22 to melt the glass batch materials. The exhaust from the heating
chamber 24 moves through the ports 48 at each side of the heating

chamber 24 of the furnace 22 and simultaneously through both of the exhaust
flues 40 and 42, and the secondary flues 37.

[0031] As can be appreciated, the operation of the oxygen fired
furnace 22 is a static process because there is no cycling between a firing
period and a non-firing period. Further, the albsence of the checkers 36,
removes a heat sink providing for more of the heat in the exhaust to heat the
heat pipe arrangement of the invention to be discussed in detail below. Inthe
following discussion, the invention will be discussed for use on the oxygen
fired furnace 22 with the understanding that the invention is not limited thereto
and can be practiced on regenerative furnaces or any other type of furnace.
Further, it is understood that the invention is not limited to the design of the
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oxygen fired furnace and any of the designs of oxygen fired furnaces known in
the art can be used in the practice of the invention.

10032} For a full appreciation of the invention, the discussion will now
be directed to the operation of a heat pipe. With reference to Fig. 3 and not
limiting to the invention, haat pice 50 is a closad evaporator-condanser
system including a sealed, holiow metal casing 54 whose inside walls 56 are
fined with g capiifary struciure or wick B8, Thermodynamic working Huld, with
supstantial vapor pressure at the temperature at which the heat pipe 5018
exposead, saturates the pores of the wick £8 in a state of equilibrium betweaen
Hguid and vapor. When heal .9, the healed exhaust gases of the furnace 20
and/or 22 is applied to g portion of the heat pipe 50, e.¢. 10 end portion 80 or
the pordion of the heat pipe in the exhaust flue, the liquid in the wick 58 heats
and evaporates. As the evaporating fluid designated by the arrows 61 fills
vapor cavity 82, i moves along the vapor cavily 82 to cpposite end 84 of the
casing 54 where heat loss resulis in condensation of the vapor. This effective
high thermal conductance hslps mainiain near constant temperatures along
the entire length of the heat pipe 50

10033} The vapor condenses back o fluid giving up heat and the fluidis
absorbed by the wick 58 releasing thermal energy. Condensation of the vapoy
ocCuUrs whersver the temperature is even slightly below thal of the evaporation
area, 8.g. the temperature of the healed end 60 of the heat pipe 50, or the
temparature of the portion of the heat pipe in the exhaust flus. Attaching a
heat sink {0 3 portion of the heal pips 50, 2.¢. the end 64 makes condensalion
take place at this point of heat transfer and establishes a vapor flow pattern.
As the vapor condenses, the vapor gives up the heat it acquired during
gvaporation. Capillary action within the wick 58 returns the condensate
shown as arrows 86 10 the heated end 80 of the heat pine 50 and completes
the oparating oyole,

[0034] The hegipipe Bl showninFig. 2iskngwninthe artas a
Parkins tube, the invention however, i5 not Himited to the type of heat pipe
used in the practics of the invention, and any of Ine typas known in the art can
be uzed in the praciice of the invention. As iz known in the atl, the
thermodynamic working liquid is selected depending on the temperature 1o
which the heat pipe is exposed. In general, the temperature at the port 4818

-7-
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about 2825°F (1663°C): the temperature at the downstream end of the
flues 40 and 42 s about 1100°F (593<C), and the temperature of the exhaust
entering the bypass fiue 37 is about 700°F (3714C). Table 1 below lists

several known thermodynamic working liguids and their useful range of

femperaturas.
TABLE 1

THERMODYNAMIC BOILING PT. AT USEFUL
WORKING FLUIDS | MELTING PT. (°C) | ATM. PRESSURE RANGE (°C)
Water 0 100 30 to 200
Toluene -95 110 50 to 200
Mercury -39 361 250 to 650
Potassium 63 759 400 to 950
Sodium 98 892 600 to 1200
Lithium 179 1340 1000 to 1800
Silver 960 2212 1800 to 2300
[G435] Heal pipes are well known in the arl, and further discussion of

e oparation of heat pipes and types of heat pipes available is not deemed
NECEsSary.

10036} The discussion is now directed o non-limiting embodiments of
the invention. In one non-limiting embaodiment of the invention, heat pipe
arrangement 100 shown in Figs. 4 and 5 includes a plurality of heat

pines 102-113 arranged in an array 115, and eptionally the healed end 60 of
the heat pipes 102-113 of the array 115 are secured 10 a plate 118 having &
high thermal conductivity, 2.g. a refractory material, or a metal such as
aiuminum, stainiess stesl or inconst 801, As ¢an be appraciaised by those
skilled in the art, the material seiected for the plate 115 should de compatible
with the termperature of the environmaent in which the arrangement 100 s
placed. For exampls and not initing (0 the invention, aluminum has a melting
paint of about 1220F (660°C), and an arrangement 100 having an aluminum
plate 116 should be placed in environments having temperatures

betow 1112°F (800°C), e.g. but not limiting o the invertion, at the
downstream end of the flues 40 and 42, Further the mechanical rigidity of
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stalniess steel siarts 1o drop above 1472°F (B00°C), and an arrangeament 100
having a stainless steel plate 118 should be placed in environmeants having
temperatures below 1472°F (800°C), e.g. but not limiling 1o the invention, at
the downstream end of the flues 40 and 42, SHll {urther, inconel 801 has a
melting point of 2460°F {1348°C), and an arrangement 100 having an

inconel 801 plate 116 should be placed in environments having temperatures
below 2460°F (1348°C), e.¢. but not limiting 10 the invention, downstream of
he ports 48.

10037} For g iull appreciation of the invention, the discussion will be
direciad 10 the array 115, or the pluralily of heat pipes 102-113, without the
plate 116, The heal pipes 102-113 of the array 115 are individuaily mounted
inwall 120 of the flues 40 and 42 and/or the wall 122 of the bypass flue 37
with the end 86 of the heal pipes 102-113 in the flues 37 40 and 42, and the
ends 84 of the heat pipes 102-113 outside of the furnace walls 120 and 122
{see Fig. 6). The heat pipes can be mounted in the walls 120 and 122 of the
furnace with longiiudinal center ling 114 {shown only in Fig. 3} of the heat
pipes generally normal to internal suriace 118 ¢of the refraciory wall (see

Fig. 23, or al an acule angle o the internal swrface of the refractory wall with
the end 60 of the heat pipes oulside the fumace above the heated end 64 of
the heat pipes. Ag is appreciated by those skilled in the arl, mounting the
heat pipes at the acute angle provides for the force of gravity in addition o the
action of the wick of the heat pipes 1o fiow the condensate from the end 64 0
the end 60 of the heal pipes a5 discussed above.

10038] The array 115 shown in Hgs. 4 and 5, has 12 heat pipes
arranged in 5 rows and 4 columng with the heal pipes 102-103, 107-108

and 112-113 inthe rows 1, 3 and 5, respectively, off sef from the heat

pipes 104-106 and 108-11 tin the rows 2 and 4, respectively. The invention
cordemplates he array 115 of the invention having more or less than 12 heal
pipes, and the haat pipes in the columns and rows aligned wilh one another,
The plurality of heat pipes 102-113 are arranged in the array 115 1o simulale a
pin fin array 10 more efficiently remova heat from the heated exhaust gases
flowing through the flues 40 and 42. Pin fin arrays for heal transfer are well
known i the art, e.q. 3 particular pin fin array for heat ransier from electronic

systems is disclosed in US. Palent No. 8,273,188, and no further discussion

-9-
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regarding pin fin arvays s deemed necessary.

16038} A3 is appreciated by those skilled in the art, the healed exhaust
gases moving through the exhaust flues of an oxygen fired fumace have 3 low
pressure drop and a low gas flow, therefore care has 10 be exercised when
mounting the array 115 of heat pipes in the exhaust flue thal the flow of the
exhaust gases moving through the flue is not greatly impeded. Impeding the
fiow of the exhaust gases from the healing chamber 24 can over heal the
heating chamber 24 causing damage v the furnage and/or adversely affecting
the guality of the finished product. in view of the forgoing, in the preferred
practice of the invention, but not imiling 10 the invention, the array 115 of heat
pipes should not bock exhaust gases or impede the fiow of the exhaust o the
extend that the furnace is damaged and/or the cuality of the finished product
iz adversely effected. As i3 appreciated by those skilled in the art, the amourntd
of blockage of the exhaust gases before adversely effecting the operationof &
furnace varies, and therefore, the amount of blockage experiencad by the
array of the invention is not limiting to the invention.

G048 Parameaters to consider when determining the blockage of the
array 115 of heat pipes 102-113 are {1) the outside diameter of the heal
pipes; (2} the center [0 center spacing of the heat pipes in arow; (3) the
number of heal pipes in 3 row; (4) the center to center spacing of heat pipes
in a column; (8) the number of heat pipes in a column, the length of the heat
pipes, and {6) the misalignment of heat pipes betweean adjacent rows, Le. the
portion of the spacing belween heal pipes in g op row covered by a heal pipe
in the adjacent bottom row. As the outside diameter of the heat pipes
increases, while the remaining parameters are kept constant, the biockage
percent incregses and vise versa. As the center {o center spacing of the heat
Gines in a row increases, while the remaining parameters are kept constant,
the bigckage percent decreases and vise versa. As the number of heat pipss
i a row increases, the blockage percent incregses and vise versa. Asthe
cenier ko center spacing of heat pipes in a column increases while the
remaining parameters are kept constant, the biackage percent decreases and
vise versg. Ag ihe number of heat pipes in a column increases, while the
remaining parameters remain constant, the blockage percent increases and

vise versa. As the length of the heat pipes increases, while the remaining
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parameters are kept constant, the blockage percent increases and vise versa.
As the misalignment of heat pipes in adiacent rows ingreases, while the
remaining parameters remain constant, the blotkage percent increases and
vise versa.

16041} As can be appreciated, the invention is not limited to the
parameters, or the effect of the parameiers discussed above, which are
presenied for a belter appreciation of the invention, but are not limiting to the
nvention, Further a3 is apwreciated oy those skilisd in the ar, other
parameters can be considered o determine the blockage of the array 115 of
the invention.

0042} As can now be appresiated, as the misalignment of heat pipes in
adiacent rows increases, the exhaust gases experience an increase in
iurbulence, which can increase the transfer of heatl from the exbaust gas 10
the heat pipe. The down side of increasing the misalignment of heat pipes in
adiacent rows is a decrease in pressure drop, which reduces the gas flow
through the heat pipe array 115, Further 38 the misalignment of the heat
piges in adiacent rows decreases, there s less wrbudence, and reduction in
the gas pressure drop through the array 115,

100433 The invention iz not imited 10 the number of rows, columng, oF
heal pipes in g row and/or column, inthe array 115, In another nor-limiling
embodimeant of the invention, the array 115 includes heat pipes having an
ouside diameler of 3 inches (7.62 centimeter (om’y); the array 115 having 5
rows and 5 columns of heal pines, each row having 4 heat pipes wilh the heat
pipes on a center o center spacing of about 3.5 inches (8.88 cmy), and each
column having 4 heat pipes on a center (o center spacing of 3.5 inches (8.88
o). ingeneral, any particies carried in the exhaust gases ¢an gecumulate on
the outer surface of the heal pipes forming a heal insulating dlanket on the
oufer surface of the heat pines. in the preferred practice of the invention, the
spacing between the heatl pipes is not iess than 1416 inch (0,18 centimelet) to
avoid trapping particles between the heal pipes of the array.

10044} i another non-limiting embadiment of the invention, the

array 115 of heat pipes 102-113 has the plate 116 altached in the end 60 in
any convenient manner, &.g. by weiding; mechanical fasteners, e.g. bul not

fimited 10 a thread shafl on the end 60 of the heal pipe extending through a
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hole in the plate 1o receive a nut, and/or an adhesive. The plate 1161
addition {0 anting as a heat sink also provides support for keeping the ends 80
of the heat gipes aligned with one another. The invention is not limited io the
angle sublended by the longitudinal centsr iine of the heat pipss and

surface 124 of the plate, or to the angle sublended by the diraction of the flow
of the exhaust gases and the surface 124 of the plate 118, The surface 124
of the plale 116 can be paraliel 10 the flow of the exhaust gases or can be al
an acute angle {0 the fow of the exhaust gases. When the plate is paraiiel i
the direclion of flow of the exhausi gases there is minimal if any biockage of
the exhaust flus. As the angle sublended by the direction of the flow of the
exhaust gases and the surface 124 of the plate 116 increases, the Mockage
of the exhaust flue and the exhaust gases increases.

00457 Shown in Fig. 7 is another non-limiting embodiment of an
arrangement of the inverntion identified by the number 126. The

arrangament 128 includaes the array 115 of the plurality of heat pipes 102-113
10 have two outer rows, with one ouler row having heat pipes 102, 104, 107,
109 and 112 aligned in a vertical Iine, and the other outer column having heat
pines 103, 106, 108, 111 and 113 gligned with one another and cenier eolumn
having heat pipe 108 in the second row, and the heat pips 110 in the fourth
Fow with the neal pipes 105 and 110 gligned with one anolher, Providing the
¥0ids in the canter column by the absence of heat pipes, reduces the
pressure drop through the array 126, In still ancther non-iimiting embodiment
of ihe invention, the plate 116 is secured (o the healed end 64 of ihe heat
pipes 102-113 of the array 128 with the longitudinal center line 114 of the heal
pipes nonmal to the surface 124 of the plate 116. The arrangement 126 is
positioned in the exhaust flues 37, 40 and/or 42 with the surface 124 of the
plate 118 parailel o the direction of the exhaust flow, and with the absence of
the piate, with the longitudinal center Bing 114 of the heat pipes 102-113
normal 10 the 1 the exhaust flow.

10048} Shown in Figures 8 and 9 is still another non-limiting
embodiment of an array of heat pipes of tha invention identified by the
number 128, The array 128 includes the hegt pipes 102 -110 having three
rows and three columng each having 3 heal pipes. The heal pipes in the rows
are interconnected by a pluraiity of spaced heat conducting strips 130, e.g.
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but not fimiting to the invention, metal strips 130, The strips 130 act as a pin
finn array between the heat pipes o increase the ransfer of heat from the
exhaust gases io the heat pipes.

00471 The array 115 (see Figs 4-7) and 128 (see Figs 8 and 9} of haat
pipes with or without the plate 118 s positioned in the exhaust flues 40
and/or 42, andior the secondary flue 37 of the furmace 22 (see Fig. 2) with the
gnds 64 of the heat pipes 102-113 extending out of walls 120 and/or 122 of
the furmace 22 and the center line 114 of the heal pipes horizontally level, or
the end 64 of the heal pipes cutside the fumace walls above the heated

and 60 of the heat pipes. Fraferably the end 64 is above the heated end 60 of
the heat pipes for the condensed vapor by the action of the wick 66 of the
heat pipe (see Fg. 3} and 1o move under the force of gravity to the heated
end 84, as discussed above. The invention is not imited 1o the manner in
which the heatl pipes of the array of the invention are positioned in the walls of
the furnace 22, For example and not imiting 1o the invention, holes can be
drilled in the walls of the furmnace and the heat pipes inserised into the holss, or
a portion of the furmnace wall can be removed and the furnace wali rebul
around an array of heat pipes of the invention.

10048} With refergnce 1o Fig. 10, in another non-limiting empodiment of
ihe invention, the flow of the exhaust gas through the array of heal pipes, 2.0,
the array 115 is enhanced by providing one of more alr conduits 132 below
the array 115, The flow of the exhaust gas through the array 11518 increased
by moving air ihrough the conduil 152 it the divection of the How (designated
by the arrows 134) of the exhaust gases. As can be appreciated the conduits
can be provided above and/or below the array 126 (the conduit 132 above the
array 126 shown in phantom in Fig. 10} in the practics of the invention hot air
fs moved through the conduit 132 above the array 128 1o reduce coling of
the exhaust gases, and hot or cold alr is moved through the condull 132
below the array 126, In the preferred practice of the invention, air is moved
through the conduit 132 below the array 126, As can be appreciated, inslead
of moving air through the conduils 132, or in combination with moving alr
through the conduits 132, 8 fan can be mounted in the exhaust Hue of the
furmnace downstream of the array 128 to pull the exhaust gases through the

array 1268. The ant of mounting fans in the exhaust Hue of furnaces is known

-13-



WO 2009/079084 PCT/US2008/079944

i the art, and no further discussion is deemead necessary.

00497 Although the discussion was directed 1o an array having a
plurality of heat pipes, the invention confemplates inserting a plurality of single
pipes with or withowt the plale 116 in the exhausi fue of the fumace. Ing
preferred practice of the inventtion, the single heat pipe can have the thermal
conducting sirips 130 on each side gs shown for the heat pipe 103 in Fig. 8.
10080 Consider now, the practics of the invention in the portion of the
regenaratorns having the chackers 36, With reference to Fig. 11, inone non-
fimiting embodiment of the invention, a heat pipe, &.0. the heal pipe 102 1is
included In g layer of refraciory bricks 136 that forms a layer of the

checkers 36, In another non-limiting embodiment of the invention, a heal
pipg, 2.g. the heat pipe 103 i3 inserted info the opening formed by the bricks
of the checkers as shown in Fig. 1.

100811 With reference to Fig. 12, heat conversion equipment or
devices 140 are positioned outside the furnace walls to use the heat as is, or
to convert the heat to another form of energy, e.g. electrical or mechanical
energy. The equipment 143 is placed ovar the end 64 of ong of the heat
pipes, 2.g. the heat pipe 102 o transter heat from the heal pipe 1o the
squipmenti40. As is apprecialed, the invention is not iimited 1o the
sguipment 140 and can include, but is not limited to electrical and mechanical
equipment such as thermoelectric devices, and sterling engines to name a
few. in one non-limiting embodiment of the invention the equipment 1o be
heated is a thermoelsclnic module, e.g. bui not limiling o the invention, &
(3ichal Thermoslectric cylinder TEG (model 7120} having a hot face which is a
cylinder having a 3.5 inch diameler and a cold face which is a ovlinder of
targer diameter having g water cooled jacket over the coid face, or the
squipment 144 can be a modified emboediment of the thermosiacric device
disclosed in U.S. Patent Application Serial No. filed even
date in the name of Adam D. Polcyn and titled “A DEVICE FOR USE IN A
FURNACE EXHAUST STREAM FOR THERMOELECTRIC GENERATION.”
More particularly, with reference to Fig. 13, thermoelectric device 146 a

modified embodiment of the thermoelectric device disclosed in U.S. Patent
Application No. includes an inner hollow conduit 148 to place

over the cold end 64 of a heat pipe. A plurality of thermoelectric cells 150 are
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positioned between the inner conduit and an outer conduit 152. The outer
conduit 152 has an inner wall 154 spaced from an outer wall 156 by a pair of
spacers 158 to provide the outer conduit with an inlet chamber 160 and an
outlet channel 162 to move a cooling medium , e.g. chilled water through the
outer conduit 152 to cool the thermoelectric modules150. The equipment 140
in this case is the thermoelsctric cylinder or the thermoeleciric device 146
connecled to an slectric lvad, e.g. a motor or ights. As the heal is extracied
from the heat pipe, the thermoelectric eylinder or thermoelectric device
generates eleclricily to powser a motor and/or lights.

{0053} With reference o Fig. 14, the invention contemplates mounting
the squipment on more than one heat pipe. For example and not limiting to
the invention, Fig 14 shows the cold end 64 of three heatl pipes, e.g. the heat
pipes 104-106 shaped (o be in contact with one another and the

squipment 1408 mounted on the end 64 of the three pipes. As canbs
appreciated, the invention is not limited {o the number of heat pipes that have
their cold ends joined together. With reference 1o Fig. 15, the invention further
contemplaies providing & heat pipe, 2.¢. heat pipe 170 with two cold ends 64
with equipment 140 mounted on gach of the cold ends ¢f the heat pipe 170,
The invention is not limited to the number of ¢old ends that ¢an e joined
iogether or the number of cold ends a heat pipe can have., For sxample 2 of
more oold ends can be jcined fogether and a heat pipe can have two or more
cold ends.

{0053; As discussed above, parlicles in the exhaust gases may
accumulate between the heat pipes. Cne way to minimize clogging of the
space between the heal pipes is {0 increase the spacing betwaen the heat
pines. in another non-imiting embodiment of the invention, pressurized air
can be used 1o remove particles between the heat pipes. In one non-iimiting
embodimant of the invention, a pressured alr ine can be moved inio the
exhaust flug and moved over the array of heal pipes (o biow out any particles
between the heal pipes.

[0054] As can be appreciated, the invention is not limited to the
embodiments of the invention discussed herein, and the scope of the
invention is only limited by the scope of the following claims.
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WHAT IS CLAIMED IS:

1. An arrangement for transferring heat from a first position located in a
passageway defined by inner surface of a wall to a second position located
adjacent outer surface of the wall, the arrangement comprising;
an array of a plurality of elongated heat pipes mounted in the
wall, each of the heat pipes having a first end in the first position and
an opposite second end in the second position.

2. The arrangement according to claim 1 further comprising heat
conversion equipment connected to the second end of selected ones of the
plurality of heat pipes of the array.

3. The arrangement according to claim 2, wherein the second end of at

least two of the plurality of the heat pipes of the array are in contact with one
another and the heat conversion equipment is over the second end of the at
least two heat pipes.

4 The arrangement according to claim 2 wherein the second end of one
of the heat pipes of the array has a bifurcated second end with the heat
conversion equipment on each one of the bifurcated second end.

5. The arrangement according to claim 1 wherein the heat pipes in the
passageway are spaced from one another and selected ones of the plurality
of the heat pipes of the array are interconnected to one another by spaced
elongated members.

6. The arrangement according to claim 5 wherein a heated medium is to
be moved through the passageway in a predetermined direction, and wherein
space between selected ones of the elongated heat pipes lies in a plane
transverse to the predetermined direction of the heated medium.
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7. The arrangement according to claim 6 wherein the passageway is the
exhaust passageway of a furnace, and the heated medium is exhaust gases

of the furnace.

8. The arrangement according to claim 7 wherein the furnace includes a
heating chamber for melting glass batch materials, the heating chamber
having a first side and an opposite second side, the passageway is a first
passageway having a first open end and a second open end, and further
comprising a first port at the first side, and a second port at the second side,
of the heating chamber, and a second passageway having a first open end
and a second open end, wherein the first port connects the first open end of
the first passageway to the heating chamber; the second port connects the
first open end of the second passageway to the heating chamoer, and the
second open ends of the first and second passageways are accessible to the

environment.

9. The arrangement according to claim 8 wherein the furnace is a
regenerative furnace, and the first and the second passageways have
checkers to remove heat from the exhaust gases moving from the first open
ends of the first and second passageways toward the second open ends of
the first and second passageways, and to heat combustion gas moving to the
first ends of the first and second passageways.

10.  The arrangement according to claim 1 wherein the plurality heat pipes
of the array are arranged in rows and columns with at least two heat pipes in
each row and at least two heat pipes in each column, and the first end of the

plurality of the heat pipes of the array spaced from one another.

11.  The arrangement according to claim 10 wherein the array has at least
three columns of heat pipes with a selected row of the array between
outermost rows of the array having fewer heat pipes than at least one of the
outermost rows of the array.
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12.

13.

The arrangement according to claim 11,

wherein the plurality of the heat pipes of the array in the
passageway are spaced from one another and selected ones of the
plurality of the heat pipes of the array are interconnected to one
another by spaced elongated members, and

wherein a heated gas is to be moved through the passageway in
a predetermined direction, and space between the elongated members
lies in a plane transverse to the predetermined direction of the heated

gas.

The arrangement according to claim 1 further comprising a heat

conducting plate member having a first surface wherein the second end of

selected ones of the plurality of the heat pipes of the array are mounted on

the first surface of the plate member.

14.

15.

The arrangement according to claim 1,

wherein a heated gas is t0 be moved through the passageway in
a predetermined direction, and the inner surface of the wall defines a
cross sectional area generally normal to the predetermined direction of
the heated gas, and portion of the array in the passageway is
immediately downstream of the cross sectional area,

wherein each of the plurality of the heat pipes of the array are
spaced from one another and have a center axis extending from the
first end toward the second end of the plurality of the heat pipes of the
array, and the center axis of adjacent ones of the plurality of the heat
pipes of the array at the second end are on a center to center spacing
equal to or greater than the sum of (one sixteenth inch plus (one half
the sum of diameter of the adjacent ones of the heat pipes.

The arrangement according to claim 14 further comprising a member in

the passageway on side of the array and acting on the array to pull the heated

gas through the array.
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16. A heat transfer device, comprising;
a heat pipe;
a plurality of spaced elongated heat absorbing members having
one end mounted to outer surface of the heat pipe and extending

outwardly from the outer surface of the heat pipe.

17.  The heat transfer device according to claim 16 wherein the heat pipe is
a first heat pipe and further comprising a second heat pipe with outer surface
of the second heat pipe mounted on opposite second end of the plurality of
spaced elongated members.

18. A method of transferring heat from exhaust system of a furnace to a
position outside of the exhaust system, comprising:
mounting an array of a plurality of heat pipes in a furnace wall
with
one end of the array in the exhaust system and the opposite second
end of the array outside the exhaust system;
moving exhaust gases through the exhaust system and over the
array to heat the second end of the array, and
removing heat from the second end of the array.

19.  The method according to claim 18 wherein the array has a first side
and an opposite second side, and a portion of the exhaust gases move
through the first side of the array and out of the second side of the array, and
further comprising acting on the second side of the array in the exhaust
system to bias the exhaust gases out of the array.

20.  The method according to claim 18 further comprising converting the

heat removed from the second end of the array to mechanical and/or
electrical energy.
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