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* 3,638, 889

HEAT TREATING ELEMENT F OR HEAT-
- TREATING FURNACES

" John A. Dow, Huntmgton Woods Mich,; Doris B
Dow, administratrix of said- John A, Dow, de~
ceased, assignor to Dofis B Dow, Royal Oak,

‘Mich., as trustee

' Application May 8, 1947, Serial No, 746,724

o 3 Cl'aims.
l 5

This application is a continuation in Apart of
the subject matier contained in my copending
applications for United States Letters Patent,
Serial No. 664,948 f01 Liquid Salt or Fusible Metal
Bath, filed Apr11 25, 1946, now abandoned, and
Serial No. 670,436 for. Héat Tieatlng Furnace,
filed May 17, 1946,

The invention relates to improvements in radi-
ant heating elements or tubes to be employed
in heat treating furnaces-and has partlcular rela-
tion to heating elements of this type in “which
8 combustible mixture is employed internally
thereof for the purpose of heating the- elements
or tubes to radiant temperatures.

In heating elements of this type as these have

been constructed heretofore, it has heen a prob- :

lem to construct the tubes so' that the exterior
surface thereof would be of uniforin temperatare
from one end thereof ‘to the other In such
‘heating elements there has atisen the diffieulty
that some parts of the surface were considerably
‘hotter than the average temperature of the entire

(CL. 126—91)
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crease in the amount of floor space necessary
for the installation of any number -of furnaces
due to the fact that a considerable -amount -of
space 'is required at one side ‘beside a furnace

© for operating and servicing the heating tubes. I

this work has to be done from both sides -of a
furnace, ‘theén more space must be utilized than
wotld ‘otherwise be regquired. ‘

It has been proposed heretofore to attempt to
improve the performance of such tubes by em-
ploying devices therein to increase the velocity

- and the turbulence and surface serubbing action
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surface and consequently these hot spots would .

burn out and hence make necessaty the replaee-
ment of an element, whén perhaps the larger
portion of the hea’cmg element was in ‘condition
to render service for a cons1derably jonger perdod
of time. 'Also these hot spots-and sueh irregular
‘heating'made it necessary touse’ a greater amount
of neating surfage 'in amy ‘given furnace. $han
_would” ‘be requn’ed were it possible te emple}y
hesting elements -of* uniform ‘temperature O
one extremity thercof to ahethei. Such ek of

uniformity of température i a furnace: employ— :

ing these heating elements also cavsed nonunis
form heating of the work in radiation Pirnaces
and: somemmes eaused nonumform heating of the
eirculating medivm in- convectmn firnaces.

Mot only have heating elements of tms type bean
subject to noruniform- temperatures throughout
the length thereof to-a con51derable extent ik
it has been - cha1 acteristic thereof that the tefn~
perature of the surféce tended progresswe}y to
decrease toward the outlét ends thereof. Tnder
such eircumstances it ‘has’ <genera}1y been: ¢coh-
sidered nét ‘the bhest practice-to place: ‘a}l-'of ‘the
tubes in the furnaee froin ohé side Wall thereef
Instead of such desirable practiee it has been
'neuessary heretofore 'to insert one row of tubes
in the furnace from ofie side wall thereof and
another from the opposite side of the’ fumace
This practice ‘of msertmg the tubes in ‘this man-
ner from opposite side walls: ‘has tended 1 -
vide more uniform- heating throughout ‘the- ent1re
farnace, but it has required a considergble ‘n-
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of the heating fluid within the tubes in particular
regions therein where it ‘was considered desirable
to iherease-the surface temperature of the ele-
ments. These expedients have been objectionable
from the standpoint that they ereated other ‘hot
spots in the heating elements which likewise ré-
ducéd the life thereof. Also these expedients
tended o greatly reduce and render nonuniform
the space provided for'the combustible fuid With-
in‘the Reating elements and econsequently made
it necessary either to make the heating elements
larger or to tolerate inefficient combustion of the

 combustible fluid employed.

According to the present invention, heat ab-
sorbing and radiating material is placed in the
tubes in such manner as to ahsorb heat from
the eombustible fluid by direct gontact therewith
and radiation therefrom and then to transfer

‘such heat by radiation through the combustible

fiuid to the heat radiating surface of the heating
elements. It is furthermore propesed to employ
relatlvely uniform heat absorbing and radiating

. means of this character which will not create

excessive turbulence or scrubbing action and will
not excessively increase and decrease the velocity
of the combustible fluid within the heating ele-
ment.

Such means may be arranged within the heat-
ing elements in such manner as to progressively
increase the rad1at10n of heat to the exterior
surface of the heating elements toward the outlet
thereof so that the heating effect of the elements
will remain relatively constant notwithstanding
the reduction in temperature in such region of
the combustible fluid contained therein.

* Also such means may be employed melely for
the purpose of increasing the capacity of the
heating tubes employed in any furnace. Such
increase in ca,pac1ty will result from the improved
efficiency in absorbing and radiating heat result-
ing from the combustion of fuel supplied to the

. tubes and from a more efficient combustion of the

55

fuel in ‘the tubes employing such means.
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One of the objects of the invention is to pro-
vide a heating element having a temperature
throughout the extent of the heat radiating sur-
face thereof in which the variation from the aver-
age temperature of the surface of the heating
element is reduced to a minimum.. - ,

Another object of the invention is to increase
the life of heating elements employed in heat
treating furnaces by eliminating hot spots from
the elements which tend to burn out and to cause
replacement of the elements sooner than Would
otherwise be necessary.

Another object of the invention is to provxde

for more uniform heating of radiant heating ele-. ‘

ments from one end of such:elements to an-
other so that all of the elements can be placed
in a furnace from one side of the furnace, and as

4
within the heating elements employed there-
in;

Figs. 8, 10 and 12 are longitudinal sectional
views through heating tubes or elements employ-
ing other forms of heat absorbmg and radiating
means therein; and

Figs, 9, 11 ‘and 13 are cross sectlonal views
through the structures disclosed by Figs. 8, 10 and

. 12 taken respectively in the planes of lines 9—3,
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a consequence thereof the floor space required for

heat treating work will be reduced.

A further object of the invention is to 1ncrease'

the capacity of radiant heating tubes employed in
such furnace by increasing the heat transfer rate
from the products of combustion to the heat
radiating surfaces of the tubes, and consequently
the rate at which heat may be transferred from
said surfaces to the work being processed.

A still further object of the invention is to
increase the combustion efficiency within radiant
heating tubes of such type by increasing the
amount of heat absorbing and radiating surfaces
within the tubes and with which surface the
burning gases are brought into intimate contact
during the combustion process.

Other and further objects of the invention will
be apparent by reference to the accompanying
drawings of which there are two sheets, which by
way -of illustration show preferred embodiments
and the principles thereof and what I now con-
sider to be the hest mode in which I have con-
templated applying these principles. Other em-
bodiments of the invention embodying the same
or equivalent principles may be used and struc-
tural changes may be made as desired by those
skilled in the art without departing from the pres-
ent invention and the purview of the appended
claims. I also contemplate that of the several
different features of my invention, certain ones
thereof may be advantageously employed in some
applications separate and apart from the re-
mainder of the features.

In the drawings:

Fig. 1 is a cross sectional view of a heat treat-
ing furnace employing heating elements or tubes
embracing the principles of the invention;

Fig. 2 is a longitudinal sectional view through
a heating element such as those employed in
the structure disclosed by Fig. 1;

" Fig. 3 is a longitudinal sectmnal view of a modi-
fied form of heating element such as might be
employed in the structure disclosed by Fig, 1;

_ Pigs. 4 and 7 are longitudinal sectional views
through the outlet sections of heating tubes such
as those disclosed by Figs. 2 and 3 and illus-
trating other forms of heat radiating and absorb-
ing means that may be employed therein;

Fig. 5 is a cross sectional view of the heating
tube disclosed by Fig. 4 taken substantially in
the plane of line 5—75 thereon;

Fig. 6 is a cross sectional view of a lower por-
tion of the furnace illustrated by Fig. 1 disclosing
the transversely disposed passages formed in the
lower wall in which the heating elements are dis-
posed and disclosing another form of heat radiat-
ing and absorbing means which may be employed
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{1—I1 and 13—13 thereof.
 Referring particularly to Fig. 1, the numeral {0

‘indicates a heat treating furnace of conventional
. design.comprising side walls 11, a lower wall 12,

and an upper-wall 13. An opening in the front
wall, not shown, provides means for inserting
work baskets or containers 14 within the heat
treating compartment 16 provided by the walls of
the containeér, these work baskets being supported

- on a'supporting rack {71 having wheels or rollers

18 mounted thereon, on which the work baskets
are adapted to roll easily into and out of the fur-
nace.

‘The heating chamber 16 of the furnace (0 is
adapted to be heated by a plurality of heating
elements indicated at 20, the heating elements
being divided into .an upper row indicated at 19
and a lower row indicated at 21. These heating
elements may be positicned in the furnace in any
desired angular. position, although in the struc-
ture shown by Fig. 1 they are positioned horizon-
tally in spaced relation to one another from front
to rear of the furnace and are provided with re-
movable heads indicated at 22 adapted to be in-
serted in openings 23 formed in one of the fur-
nace side walls 11,

It. will be noted that the openings 23 are all
formed in the same side wall i1 of the furnace (0
thereby permitting the changing of all of the
tubes or the servicing or adjustment thereof from
the same side of the furnace. . Since this work
requires considerable space, there will be a con-
siderable saving in the over all space required for
a number of furnaces due to the fact that two
furnaces can be placed very close together when
all of the heating elements are available from the
adjacent sides thereof.

In the form of heating element disclosed by
Fig. 2 the heating elements 20 comprise U-shaped
tubes 24 similar to the tubes disclosed by copend-
ing application Serial No. 670,436 previously re-
ferred to. In such structure the tubes 24 each
comprise a straight tubular inlet section 26, a
straight tubular outlet section 27, the two sec-
tions being connected at one end by a curved
tubular section 28. The inlet section 26 has an
inlet end 29 projecting through the head 22 and
into which is introduced by a conduit 3i the com-
bustible gas employed in heating the tubes. In-
side the inlet 29 and disposed in spaced and
concentric relation thereto is a short section of
tubing indicated at 32, the interior of which is
connected to a conduit 33 employed in introduc-
ing air required to form the combustible charge
within the interior of the tube 24. The air
emerges from the inner end of the tube 32 and
there mixes with the combustible gas supplied by
the conduit 31 to the interior of the inlet 29 of the
tube 24. Within the interior of the tube 32 there
is concentrically disposed a smaller and longer
heat absorbing and radiating means, member or
tube 34 which is adapted to extend from one end
to another of the straight section 26, the opposite
end thereof being secured in an opening formed
at 36 in the curved section 28. The tube 32 pro-
Jjects outwardly hbeyond the end of the straight
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tuburar deection 26, and the spaee” ‘hetween the
tubes af the end of the section 27 1s closed by sn
aphulay cap 31. The ttibes 32 and 3% termmate
in the same region and the ends thereof are hke-
wise ¢losed by a dise 28
While such is not essential, the space Within
the tube 34 hray be eYﬂponed in ‘produeing ‘a
controlled zas ‘atmosphere to be’ circulated in the
heating chambér 10, as §4eh space is: ampléyed in
the structure digélosed by ny eopending #pplica-
tion Serial No, 670,436, }H0wever, ‘the’ bube 84'cah
be utilized s1mp}y for radlatmg -and absorbmg
heéat and for tra;nsfernng ‘this hest by radlatmn
to the section 26 of ‘the” tube ﬂ for the 'purposes
heréin statéd. :
Béyond the inlét 29" the ¢ ‘iriside ‘the tube
24 comprises & coml ustion ‘cHamber indigated at
39, the outlet to which isihdicated’by the rumeral
44, 'This outlet forrs & portion of the straight
séction 21 which ‘projects outwardly of the fur-
nace through the'liead 22. - The combustible mix-
ture to be burned in the combustlon ehamber 39
is supplied to the eonidiiits 31 'and 33 and ignited
i the combustion éhamber byany suitable means
for this purpose, nbt shown: The mixture th the
fibes is generally ighited merely by fhrowing ‘8
lighted match into the'outlet end of a tube when
the miXture is turhed oh. Also the products of
combiustion’ dischiargéd Trom the outlet &1 fitay be
cafried away and ‘discharged to the atmosphere
by 3 siitable exhaust ‘manifold, ot shown. :
As is indicated by the ‘drawing, the co "bustmn
of the combustible“ t
tube 24 6ccufs princt ally in- the st 'ght ‘section

26 and the curved seetion 28; the fitid- therebe- 3

yond in the ‘¢ombustion’ chamiber 38 bemg prmcl-
pally produéts of eombustion from w_ ¢h it s
desired to remove all the Heat poss1b}e prior‘to the
discharge thereof from the outlet &F. Tt will be
notéd that the portioh of the combustzon cham-
ber 39 formed inn the' stralght section 26 comprises
an ahnular pas‘sage surrounding the tube 3%and
that this passage'is ‘practically’ uniform through:
out the length of the séction 26. The tube 34 'is
disposed in the straight Section 25 coax1ally wif:h
respect thereto and’ conSequently the ‘surface of
the tube 34 ahd the ifRtérior and: exterior stirfaces
of the section 26 are allel’ to ohe ahother,
In the curved section 28 where the direction of

motion of the combiistible Aliid within the tube &

24 reverses so as to pass inito the seétion 97 and
from the ‘outles 4, tHe cross sectmn iof ‘the" com-
bust1qn chamber 39 is ‘the same as the croSs sec-

with which the mixtire co‘mes in, contact is’ great-
- 1y inereaséd. The' ‘stitooth exterior and mtermr
surfa(:es of the tube 34 and the sectlon 26 respec-
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in heated surface, cbmbustion in’ this parb' oF ‘the
heatmg element WiII be relatively umform and

atlire ‘of the

the sectvon 26, and the surface tem
tube will‘be as great-as though thié volue ot the
combustion chamber in:this reglon ‘had not beehn
reduced. The curved sectmn 28 being uniform'n
cross. section -ahd ‘ehlargéd “in the region’ “where
the turbulent reversal in’the fiow of The coHmbus-

§ oortbustible fiui

tible gases odcurs, there a:}se will be little varis-
tion in the températare of the exterior surface of
the tiibe 44 itx §his région. In both of the sections
26 aiel 28 the- flarie is relatively uniformly fimi-
néus and cohsequeiitly hieats the exterior surface
of the séctiens at a ‘substantially uniform rate:
Beyond the curved section 28 the combustmn
of the combistible ‘fuid in the tube 24 is sith-
stannany ¢oinplete dnd uhdér normal eireum-
st‘ances the séétion 27 will progressively ‘deerease
in temperatur ward the outlet 4. However,
in ‘the: stru tiire disclosed by Fig. 2 there is e~
ployéd o’ it hHeat sbsorbing and radiating
meémbey - ‘o mea ‘indiedted 'genierally at 42,
stich -means or ¥ ther comprismg 3 plurahty of
relatn*ely thin tubes ‘43, 44, 86 and 47 secured in
spaeed relafion iside the séetion 27 by atiy Suit-
able spacers or spiders such as are indicated at
45. "These tubes are Tormed of sheet metal or
Gthier miaterial eapable of withsta,ndmg the de=
grée bf heat ericountéred 'in such ‘Heating ‘ele-
nietits ‘and are adapted to- absorb heat by dlrect
¢ohtaet with the coifibustible mixture or products
of combustmn ériéoutifered in the seetion 27, and
as & Tesult theresf to become radiant and herice
to radiate héat through the fluid ‘theresbout to
ﬁhe ikerior surface of the section 21.. " The tubes
42 ‘aie of; progresswely inéreasing lengths and di-
ameters, the inner tibe 43 being dispoeséd co-
axially with respect to the seétion 27. The tube
£3 als0'is approxiinately the same length as the
séetion 27 and i d1sposed concentncally thereto
tb Fedeive the hot ‘core ‘of the 'flamne™ emergmg
from the seetion 28 ‘both -internally and ex-
ternslly tHeteof. This eore ‘of ‘bilfning fluid ahd
the products ‘of ‘Cotmbustion theréfrom Contaet
both the ‘interior ‘and exterior surfaces ‘of the
tube 43 froin ohe end théreof to another and eon-
séquently heat the ‘tube to ‘a temperatiire ap-
proaehing ‘the teritperature of ‘the fluid. - The
tubes 46 46 and 41 each are of progresswely

otitlet” end of the tube 47 'I'he tubes 41 46 and
47 also are of progréssively inereasiiig digimeters

4 ahd &ré disposéd th ‘concentric relation to the

tiibe ‘43 ‘and the ‘sectiofr 47. The différefiée bhe-
tweeli the-didineters of ‘the tubes 43, 4%, §6 and
£7 and tHe disimeter -of the ‘section 27 s such
that the intérior of the conibiistion charibsy §9
within ke seetion 2¥is divided into a pluralityof
parallel annular - passaaes t,hrough all of ‘which
flow 'the products of eombustion as such- products
spproach the eombustion cHamber outlet 44,

the ‘combustible Huid i1 the combustion cham-

% ber 39 engages the 1nte110r7and ‘exterior stirface

6f the tubes 83; 14, 36 an
tHe combustible fiid ; 'oglesswely increasing
amouit of heat abSorbing rface, and this sur«
tack tends 'to incresde as the temperature of the
tesges. ‘This incfease in the
eat’ absorbing surface as the tem-
mbustible fiuid decreases teirds “to
1ottt of heat ‘available for radia-
tioh to -the ifitérior sur face -of the section 21
as ‘the conibustiple Buid dpproacheés the outlet
44.  The tubes 48, ¥4, 48 snd 4T radiate this ‘heat
throug‘h ‘the corabustible Auid ‘thérebeyond ‘and
from the Surface of "oive tibe o ‘another and to
the interior surface of the section 2%.
This progressive ¥adistion of heat ‘upon the
mtemor'surfabe ef SFCth"'l 21 tends ’ro mamfam

41, there is"exposed to

amount of
peraﬁuve of

of' such Weetton ‘gnd s practlca}ly the same’ value
as the average temparatitve bf the seotions9g and
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28. . Also when the products of combustion pass:
beyond the ends-of the tubes 43, 44, 46 and 41,
the temperature. thereof:can be maintained at
the lowest possible value-that the temperature of
such fluid can be and -still maintain the tem-
perature of the section 21 at a substantially uni-
form value. ) :

It will be noted that the combustible fluid,
practically from one end to another of the tube
24, encounters only -relatively -smooth - surfaces
and passages of somewhat different but rela-
tively uniform cross section. This tends to cause
the combustible fluid to flow in relatively straight
lines, thereby producing a relatively uniform rate
of combustion in the fluid-during -the period of
combustion of the fluid within the combustion
chamber 38. Thereafter the heat absorbing and
radiating surface is increased within- the com-
bustion chamber so as to absorb and radiate heat
at an increasing rate during the period just prior
to the discharge of the products of combustion
from the tube 24. During such period the com-
bustible fluid is not luminous to as great. an
extent as before and consequently more surface
is required to absorb the heat from the products
of combustion and more surface is required to
radiate such heat to the section 27 to maintain
a relatively constant rate of radiation from such
section from one end to the other thereof.

In the structure disclosed by Fig. 3, where cor-
responding reference numerals are employed to
indicate elements similar to those disclosed by
Fig. 2, the straight section.26 is employed as a
combustion chamber throughout the entire ex-
tent of the cross sectional area thereof, and as
the luminous products of combustion pass there-
through such products radiate heat to the in-
terior surface of the section at a- substantially
uniform rate. The heat radiating means or
member 42d employed in the seetion 271 com-
prises open end tubes 48, 49 and 51 similar to
the heat radiating and absorbing tubes employed
in Fig. 2 except that there is a less number of said
tubes and the centrally disposed tube is some-
what larger and shorter. Such variation in the
heating elements may be made when it is not
desired to employ means such as tube 34 in the
inlet end of the combustion chamber 39 and
when a lesser amount of heat absorbing and
radiating surface is desirable in the outlet end
of such combustion chamber. In this structure
any suitable means such as that employed in the
structure disclosed by Fig. 2 may be employed for
supplying combustible fluid to the inlet end 29 of
the heating element 20.

Figs. 4 and 5 disclose a section of a heating
element or tube 24 having a heat absorbing and
radiating member or means 42’ disposed there-
in consisting of a pair of strips of sheet metal 54
and 56. The strips 54 and 56 each are bent along
a middle longitudinal element thereof to provide
portions 571 and 58 disposed at right angles to
one another. The strips may be welded together
at 59 along the longitudinal bent portions there-
of so as to secure the strips together to provide
a single unit, the strips being secured together
in such manner that the portions 57 and 58 of
the two strips extend radially outwardly from the
axis of the section of the tube 24 at right angles
to one another. The portions 57 and 58 are cut
away as is indicated at 61 to provide longitudi-
nally extending portions of decreasing width, the
presence of which in the element 42" provides a
progressive increase in the amount of metal and
surface comprising the element 42’ from the inlet
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’:

toward the outlet ends thereof. The portions §i

terminate a short distance from the outlet end

of the element 42’ to provide supporting flat por-
tions 63 at one end thereof so as to support the
member 42’ within the interior of the section of
the tube 24. It will be apparent that as the hot
gases or products of combustion within the tube
24 pass along the smooth exposed surfaces of the
element 42’, the element surfaces will absorb
from the gases a progressively increasing amount
of heat and will thereafter radiate such heat to
the interior surface of the tube 24 from whence
it-will be picked up by convection or radiated to
the circulating. medium or work being processed
within a furnace in which the tube is:employed.

In the structure disclosed by Fig. 6 there is
employed in the tubes 24 a heat absorbing and
radiating member 42 consisting of a plurality of
tubes 64, 66 and 87 disposed one within another
and being respectively of decreasing diameters
to- provide parallel crescent shaped spaces be-
tween: the tubes to provide for the flow of heated
gases or products of combustion within the tubes.
It will be noted that the tubes 64, 66 and 67 are
not concentrically disposed within the heating
tube or element 24 but extend along the bottom
of the tube 24 in such manner that the surface
of one tube rests upon and is tangent to the sur-
face of another along a longitudinal portion of
the length of the tube 24. When located in such
position the tubes 64, 66 and 67 can merely be
placed within one or more sections of a tube 24
without- requiring any supporting means or
spacers for properly positioning the tubes with-
in the heating element 24.

In Fig. 6 the heating tubes 24 are positioned
in transversely disposed wells 65 formed in the
heat insulating fire brick or other suitable mate-
rial -of which the bottom or lower wall {2 with
which: a furnace such as that disclosed by Fig. 1
is provided. Due to the nonconcentric position
of the tubes 64, 66 and 67 in the section of the
tube 24, as disclosed by Fig. 6, it will be apparent
that the closer proximity of the surfaces of the
tubes 64, 66 and 67 adjacent the bottom portion
of the tube 24 will tend to decrease the amount
of heat which can be absorbed and radiated by
such surfaces .in such region.. In other words,
the top longitudinal portions of the tubes 64, 66
and 67 will absorb and radiate 2 maximum
amount of heat due to the greater separation of
the surfaces of the tubes-and the greater amount
of gases which may affect such surfaces.

From the tops of the tubes the amount of heat
which it is possible for the tubes to absorb and
radiate . progressively decreases toward the bot-
tom of the tubes due to the progressively closer
spacing of the surfaces thereof and the progres-
sively decreasing amount of the products of com-
bustion -which may affect such surfaces. The
tubes .64, 86 and 67 therefore provide-a direc-
tional heating effect in the heating element 24
in which they are employed to such an extent
that a minimum amount of heat will be radiated
by the heating element 24 to the portion of the
bottom wall 12 directly beneath the heating ele-
ment, a progressively increasing amount of heat
laterally to the side walls of the well 65 and a
maximum amount upwardly in the direction of
the work containers (4.

Fig. 7 discloses a section of a heating element
or tube 24 provided with a heat absorbing and
radiating element 42a consisting of a plurality
of concentric tubes 68, 89 and 71 disposed therein
in such manner that all the tubes terminate di-
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‘r@@ﬂy oppesite ' one mntaen and pdiacent, the
outlet 44, of the tube:34. The tube $8 at the
center is the shortest: tube, the tube 69 is longer,
and the tube T1 is the longest of thg three tubes.

When @rr@ngey m tms manner L tlﬂt;: ; @w tﬁnd to
ab ; 3

1.
- the progi— i

3 within ting element
N usuallmlth@,x;wt p flowing along the longl-
: f the ula@\zuw.

.adsace;ut the 53 9
Shont nube, such ﬁor xaqxpl the tube $8, may

the,,heﬁﬁlg e}ement y
24 comprlses 2 ,pl, allty of sheet mefal me mbers
: § ether b
ing and secumn,g Ineans ; d ab 14
manner as to divide the mtg;rl r of the tube ?4
into a pluxalky of parallel passages 16, These
passages may’ be arranged to extend in any de-
sired direction, bub it is- -apparent $hat the mem-
ber 78 will radiate a greal mount of “heat per-

pendicularly “with ‘Trespectto the surfaces thereof .

than.will be radiated in amny.other direction. As
a-matiber of fact, the magimum amount af heat
ahsmbed by $he members 78 will-he radisted per-
pendiewlarly with respest thereto:and a progres-
sively deereasmg .amount will ;beradiated inop-
posite - angular directions -until ithe minimum
amount of heat radiated fherefrom will he xa-
dmted dn. qpposn:e directions coextensive mv;th ithe
sugtaces $hereof. ssuming -the membezs 13 to
pn dlsposqd in vertl 1 position, as.shown by Fig.
9, it is apparept
amount \9f heat radlaj;gg Iay gﬁh@ fube 24 will he

grefore. 4hat the maximum

radiated horizontally in opposite directions there-
from, and that such radiation of heat will pro-

gressively decrease in opposite angulay directions .

- therefrom with 2 minimum amount of heat be-
ing radiated upwardly and downwardly. The
members 73, while varying somewhat in cross
section so as to fit the inside surfaces of the tube

24 are nevertheless all of the same length as is |

disclosed by Fig. 8. By making these elements
the same length, the amount of heat absorbed
and radiated by the member 42b will not vary
due to the variation in the surface of the mem-
ber 42b exposed to the products of combustion,
as has been disclosed with respect to the struc-
tures disclosed by Figs. 2, 3, 4, 5 and 7. Without
such variation in length, the heat absorbing and
radiating member, as disclosed in Figs. 8 and 9,
will merely increase the capacity of the tube 24,
and such structure can be employed in any kind
of heating element or tubes 24 when it is desired
merely to increase the capacity of the tubes and
the efficiency of the combustion therein.

In the structure disclosed by Figs. 10 and 11

the heat absorbing and radiating member 42c -

comprises a plurality of tubes 18 all of the same
diameters and lengths, these tubes being merely
disposed within the heating element 24 in such

manner as to fill up the interior of the heating

out, then only & 4
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glement -and: to.divide the combustion chamber
$herein: into:a plurality of parallel and variably
shaped passages: Assuming four of the tubes:18
a8 are disclosed by Figs. 10 and: 11,:it will be ap-

g hat- the heat- -radiated’ will be approxi-
~maj;e1y tthe same in gpposite girections hoth hori-
zontally and vertically, as distinguished from the
stmctyrg ‘disclosed by Figs. 8-and 9 which will
gg;ga_,_t@r gwunt of- heat horlzontally

‘thg h}a.t absorb;ng a:n,d radlatmg element 43"’
comprises a plurality ef N-shaped strips indi-
ea’q_e,gl at 19, 8 lwe];giegl together at the axis-of the

h -in S anner that the legs

84 of tﬂ;e Voshaped mem

wmyn ‘the gntem{or of the tube 24 for the purpose

0.2 plurahty of parallel
t

40 %9

4g, 424, 42 and ,‘d\lsclosed yFlgs 9, 3 4 5
and’7 gllus rate va .of elements. com-
pr;gmg the'ghqat'alpsorbmg element. "It will be
) howeyer, b h_a,t, th1s exped;ent has Jbeen
ly for the purpose of ustrasion

of the figures of the drawmgs

gy o

#e s o th

cise ‘detdils ‘set” forth but desire’ to avail myself
of such changes and alterations as fall within
the purview of the followmg claims.

I claim:

1. A heating element for heat treating furnaces
comprising a heating tube adapted to be disposed
within a furnace for heating work to be disposed
therein, the-interior of said heating tube provid-
ing a combustion chamber for the combustion
of a gaseous combustible mixture to be supplied
thereto, the exterior of said heating tube provid-
ing a heating surface for heating said work in
response to the combustion of said mixture there-
in, said heating tube being provided with inlet
and outlet means for supplying thereto and dis-
charging therefrom said mixture and the prod-
ucts of said combustion respectively, and radiant
heat absorbing and radiating means disposed
within said combustion chamber for increasing
the heating effect of said heating element, said
means comprising a. closed end tube projecting
inwardly of said heating tube from the inlet
thereof and a. plurality of open end tubes ar-
ranged within said heating element and spaced
axially inwardly of said closed tube and adjacent;
the outlet portion of said heating tube, said tubes’
being of such length and so arranged relative to

76 each other so as to tend to maintain the exterior
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‘Surfacé temperature along the outlet portion of
said heating tiibe relatively  uniform and at a
value which approximates the average tempera.-
ture of said tube dléng the inlet portion thereof,
said radiant heat absorbing and radiating means
comprising an elongated thin-walled structure
dividing the interior of said heating tube into a
plurality of substantially parallel paths of flow
for the products of combustion without material-
1y obstructing or deflecting the flow of said prod-
ucts of combustion and affording an extended
radiating surface présented toward but spaced
from the heating tube wall.

2. A heating element for heat treating furnaces
comprising & heating tube adapted to be disposed
within a furnace for heating work to be disposed
therein, the interior of said heating tube provid-
ing a combustion chamber for the combustion of
a gaseous combustible mixture to be supplied
thereto, the exterior of said heating tube provid-
ing a heating surface for heating said work in
response to the combustion of said mixture there-
in, said heating tube being provided with inlet
. and outlet means for supplying thereto and dis-
charging therefrom said mixture and the prod-
ucts of said combustion respectively, and radiant
heat absorbing and radiating means disposed
within the outlet portion of said combustion
chamber for increasing the heating effect of said
heating element ati said portion, said radiant heat
absorbing and radiating means comprising- an
elongated thin-walled structure dividing. the in-
terior of said heating tube into a plurality of sub-
stantially parallel paths of flow for the products
of combustion without materially obstructing or
defiecting the flow of said products of combustion
and affording an extended radiating surface pre-
sented toward but spaced from the heating tube
wall, said means being formed of a plurality of
sheet material members having opposite surfaces
parallel to one another and with longitudinal
portions thereof parallel to the interior surface
of said heating tube, said members being of dif-
ferent lengths and arranged to provide increas-
ing heat absorbing and radiating areas from the
inlet end to the outlet ends thereof so as to tend
to maintain the exterior surface temperature
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along the tube at the-outlet portion thereof réla=

‘tively uniform and at a value which approximates

the average temperature of the tube at the inlet
portion-thereof.

3. A heating element for heat trea.tmg furnaces
comprising a heating tube adapted to be disposed
within a furnace for heating work to be disposed
therein, the interior of said heating tube provid-
ing a combustion’' chamber for the combustion
of a gaseous combustible mixture to be supplied
thereto, the exterior of said heating tube provid-
ing a heating surface for heating said work in
response to the combustion of said mixture there-
in, said heating tube being provided with inlet
and outlet means for-supplying thereto and dis-
charging therefrom said mixture and the prod-
ucts of said combustion respectively, and radiant
heat absorbing- and - radiating means disposed
within the outlet portion of said combustion
chamber for increasing the heating effect of said
heating element at the outlet portion thereof so
as to tend to maintain the exterior surface tem-
perature along the tube at the outlet portion
thereof relatively uniform and at a value which
approximates the average temperature of the
tube at the inlet portion thereof, said means
comprising ‘a plurality of sheets of material hav-
ing parallel opposite surfaces, said sheets being
of different lengths, said lengths decreasing from.
said inlet toward said outlet.

- JOHN A. DOW.
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