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UNITED STATES PATENT OFFICE 
HEAT-TREATING ELEMENT FOR HEAT 

TREATING FURNACES 
John A. Dow, Huntington Woods, Mich.: Doris B. 

Dow, administratrix of said John A. Dow, de 
ceased, assignor to Doris B. Dow, Royal Oak, 

, Mich., as trustee 
Application May 8, 1947, serial No. 746,724 

This application is a continuation in part of 
the subject matter contained in my copending 
applications for United States Letters Patent, 
Serial No. 664,948 for Liquid Salt or Fusible Metal 
Bath, filed April 25, 1946, now abandoned, and 
Serial No. 670,436 for Heat Treating Furnaee, 
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 particular rela 
tion to heating elements of this type in which 
a 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 been a prob 
lem to construct the tubes so that the exterior 
surface thereof would be of uniform temperature 
from one end thereof to the other. In such 
heating elements there has arisen the diffieulty 
that some parts of the surface were considerably 
hotter than the average temperature of the eatire 
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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. If 
this work has to be done from both sides of a 
furnace, then more space must be utilized than 
would otherwise be required. , 

It has been proposed heretofore to attempt to 
improve the performance of such tubes by emi 
ploying devices therein to increase the velocity 
and the turbulence and surface scrubbing action 

s 
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surface and consequently these hot spots would 
burn out and hence make necessary the replace 
ment of an element, when perhaps the larger 
portion of the heating element was in condition 

25 

to render service for a considerably longer period 
of time. Also these hot spots and such irregular 
heating made it necessary to use a greater amount 
of heating surface in any given furnace than 
would be required were it possible to employ 
heating elements of uniform temperature from 
one extremity thereof to another. Such lack of 
uniformity of temperature in a furnace employ 
ing these heating elements also caused nonuni 
form heating of the work in radiation furnaces 
and sometimes caused nonuniform heating of the 
circulating medium in convection furnaces. 
Not only have heating elements of this type been 

subjeet to nonuniform temperatures throughout 
the length thereof to a considerable extent but 
it has been characteristic thereof that the tem 
perature of the surface tended progressively to 
decrease toward the outlet ends thereof. Under 
such circumstances it has generally been coh 
sidered not the best practice to place all of the 
tubes in the furnaee from one side wall thereof. 
Instead of such desirable practice it has been 
necessary heretofore to insert one row of tubes 
in the furnace from one side wall thereof and 
another from the opposite side of the furnace. 
This practice of inserting the tubes in this man 
ner from opposite side walls has tended to pro 
vide more uniform heating throughout the entire 
furnace, but it has required a considerable in 
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of the heating fluid within the tubes in particular 
regions therein where it was eonsidered desirable 
to increase the surface temperature of the ele 
ments. These expedients have been objectionable 
from the standpoint that they created other hot 
spots in the heating elements which likewise re 
duced the life thereof. Also these expedients 
tended to greatly reduce and render nonuniform 
the space provided for the combustible fluid with 
in the heating elements and consequently 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 absorb heat from 
the combustible fluid by direct contact therewith 
and radiation therefrom and then to transfer 
Such heat by radiation through the combustible 
fluid to the heat radiating surface of the heating 
elements. It is furthermore proposed to employ 
relatively 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 radiation 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 merely for 
the purpose of increasing the capacity of the 
heating tubes employed in any furnace. Such 
increase in capacity 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 
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 provide 

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 
ln; 

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

Figs. 9, 11 and 13 are cross sectional views 
through the structures disclosed by FigS. 8, 10 and 
12 taken respectively in the planes of lines 9-9, 
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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 increase 

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 best 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 sectional view of a modi 
fied form of heating element such as might be 
employed in the structure disclosed by Fig. 1; 

Figs. 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 5-5 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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| - and 3-13 thereof. 
Referring particularly to Fig. 1. the numeral ?t 

indicates a heat treating furnace of conventional 
design comprising side walls , a lower wall 2, 
and an upper wall 3. An opening in the front 
wall, not shown, provides means for inserting 
work baskets or containers f4 within the heat 
treating compartment 6 provided by the walls of 
the container, these work baskets being supported 

: on a supporting rack having Wheels or rollers 
8 mounted thereon, on which the work baskets 
are adapted to roll easily into and Out of the fur 
ace. 
The heating chamber 6 of the furnace f 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 9 
and a lower row indicated at 2. These heating 
elements may be positioned 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 ff. 

It will be noted that the openings 23 are all 
formed in the same side wall of the furnace 
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 
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into which is introduced by a conduit 3 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 3 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 
jects outwardly beyond the end of the straight 
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tubular section 26, and the space between the 
tubes at the end of the section 27 is closed by an 
annular cap 37. The tubes 32 and 34 terminate 
in the same region and the ends thereof are like 
wise closed by a disc 35. . . . . . 
While such is not essential, the Space within 

the tube 34 may be employed in prodieing a 
controlled gas atmosphere to be circulated in the 
heating chamber f0, as stich space is employed in 
the structure disclosed by my eopending applica 
tion serial No. 670,436. However, the tube 34 ean be utilized simply for radiating and absorbing 
heat and for transferring this heat by radiation 
to the section 26 of the tube 24 for the purposes 
herein stated. . . . . ; 
Beyond the inlet 29 the side the tube 

24 comprises a combustion chamber indieated at 
39, the outlet to which is indicated by the numeral 
4. This ottlet forms a portion of the straight 
section 27 which projects outwardly of the fur 
nace through the head 22. The combustible mix 
ture to be burned in the conibustion chamber 39 
is supplied to the conduits 3i and 33 and ignited 
in the combustion chamber by any suitable means 
for this purpose, not shown. The mixture in the 
tubes is generally ignited merely by throwing a 
righted match into the outlet end of a tube when 
the mixture is turned on. Also the products of 
combustion discharged from the outlet A maybe 
carried away and discharged to the atmosphere 
by a suitable exhaust manifold, not shown. 
As is indicated by the drawing, the combustion 

of the combustible fixture introduced into the 
tube 24 occurs principally in the straight section 
26 and the curved section 28; the fitid therebe 
yond in the combustien chamber 39 being princi 
pally products of combustion from which it is 
desired to remove all the heat possible prior to the 
discharge thereof from the outlet 4. It will be 
noted that the portion of the combustion chan 
ber 39 formed in the straight section 26 comprises 
an annular passage surrounding the tube 34 and 
that this passage is practically uniform through 
out the length of the section 26. The tube 34 is 
disposed in the straight section 26 coaxially with 
respect thereto and consequently the surface of 
the tube 34 and the interior and exterior surfaces 
of the section 26 are parallel to one another. 

In the curved section 28 where the direction of 
motion of the combustible fluid within the tube 
24 reverses so as to pass into the section 27 and 
from the outlet 4f, the cross section of the com 
bustion chamber 39 is the same as the cross sec 
tion of the tube 24, this being desirable to permit 
the turbulent flow in the gaseous mixture which 
results. The annular combustion chamber formed 
in section 26 is of uniform cross section practi 
cally throughout the length of the section 26, and 
although the volume thereof is somewhat re. 
duced, it will be apparent that the heated surface 
with which the mixture comes in contactis great 
y increased. The smooth exterior and interior 
surfaces of the tube 34 and the section 26, respect 
tively, cause only slight local turbulence in the 
combustible fluid therein, but due to the inerease 
in heated surface, combustion in this part of the 
heating element will be relatively uniform and 
efficient, and consequently no relatively hot and 

the section 26, and the surface temperature of the 
tube will be as great as though the volume of the 
combustion chamber in this region had not been 
reduced. The curved section 28 being uniform in 
cross section and enlarged in the region where 
the turbulent reversal in the flow of the combus 
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6 
tible gases occurs, there also will be little varia. 
tion in the temperature of the exterior surface of 
the tube 24 in this region. In both of the sections 
2G and 28 the flame is relatively uniformly lumi 
neus and consequently heats the exterior surface 
of the sections at a substantially uniform rate. 
Beyond the curved section 28 the combustion 

of the combustible fluid in the tube 24 is sub 
stantially complete and under normal eireum 
stances the section 27 will progressively decrease 
in temperature toward the outlet 4. However, 
in the structure disclosed by Fig. 2 there is en 
ployed a it heat absorbing and radiating 
member or means indicated generally at 42, 

r mber comprising a plurality of 
relatively thin tubes 43, 44, 46 and 47 secured in 
spaeed relation inside the seetion 27 by any suit 
able spacers or spiders such as are indicated at 
45. These tubes are formed of sheet metal or 
other material capable of withstanding the de 
gree of heat encountered in such heating ele 
ments and are adapted to absorb heat by direct 
contact with the combustible mixture or products 
of combustion eneountered in the section 27, and 
as a result, thereof to become radiant and hence 
to radiate heat through the fluid thereabout to 
the interior surface of the section 27. The tubes 
42 are of progressively increasing lengths and di 
ameters, the inner tube 43 being disposed co 
axially with respect to the section. 27. The tube 
43 also is approximately the same length as the 
section 27 and is disposed concentrically thereto 
to receive the hot core of the flame emerging 
from the section 28 both internally and ex 
ternally thereof. This core of burning fluid and 
the products of combustion therefrom contact 
both the interior and exterior surfaces of the 
tube 43 from one end thereof to another and con 
sequently heat the tube to a temperature ap 
proaching the temperature of the fluid. The 
tubes 44, 46 and 47 each are of progressively 
elecreasing length and all terminate opposite the 
outlet end of the tube 47. The tubes 44, 46 and 4 also are of progressively increasing diameters 

5 and are disposed in concentrie relation to the 
tube 43 and the section 4. The difference be 
tween the diameters of the tubes 43, 44, 46 and 
Ei and the diameter of the section 27 is such 
that the interior of the combustion chamber 39 
within the section 27 is divided into a plurality of 
parallel annular passages through all of which 
flow the products of combustion as such products 
approach the eombustion chamber outlet 4 f. As 
the combustible fluid in the combustion cham 

is ber 39 engages the interior and exterior surface 
of the tubes 43,44, 36 and A, there is exposed to 
the combustible fluid a progressively increasing 
aimount of heat absorbing surface, and this sur 
face tends to increase as the temperature of the 
combustible fluid decreases. This increase in the 
amount of heat absorbing surface as the tem 

imbustible tuid decreases tends to 
ilkwl. W. lount of heat available for radia 
tion to the interior surface of the section 21 
as the combustible fluid approaches the outlet 

4. 

through the cornbustible fluid therebeyond and 
from the surface of eine tube to another and to 
the interior surface of the section 2. 
This progressive raciation of heat upon the 

e temperature of the section 
rol one end to the 6ther 

of such section and at practically the same value 
as the average temperature6f the sections 26 and 
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28. Also when the products of combustion paSS 
beyond the ends of the tubes 43, 44, 46 and 4, 
the temperature, thereof; can be maintained at 
the lowest possible value that the temperature of 
such fluid can be and still maintain the ten 
perature of the section 27 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 fiuid within the combustion 
chamber 39. 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 fiuid 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 section 27 com 
prises open end tubes 48, 49 and 5 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 5 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 6 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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8. 
toward the outlet ends thereof, The portions 6 
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 6 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 6 will absorb and radiate a 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, 66 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 
botton wall 2 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, 69 and 7 disposed therein 
in such manner that all the tubes terminate di 
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rectly opposite one aaather and adjacent the 
Qutlet of the tube: . The tube at the genter is the spritest tube, the tige S. is Gnger, 
and the tube 7 is the longest of be. Shee. EubeS. 
When arrange?; in this gate the tigs tend to 
absorb and gigadise, 9. 9.SS-SS: 

3. . . vi. . ix' & the prog 

abst the heating elegat 
y is the 19ngi 

short tube, such fore reguire replacement. 
cture di 

ing and securin di 

into a plurality pf parallel passages 76. These 
passages may be arranged to extend in any de 
sired direction, but it is apparent that the Enem 
ber 3 will radiate a greater amount of heat per 
pendicularly with respect 

a matter of fact, the maximum amount of heat 
absorbed by the members 3 will be radiated per 
pendicularly with respect thereto and a progres 
sively degreasing amount will be radiated in op 
posite angular directions until the minimum 
amount of heat radiated therefrom will be ca 
diated in gpposite directions cqextensive With the 
surfaces thereof. Assuming the members 3 to 
be disppsed in vertical posities, as show.ny.Fig. 
9, it is apparent therefore that the maximum 
amount gif. heat radiates: by the tube 2: Will be 
radiated horizontally in opposite directions there 
from, and that such radiation of heat will pro 
gressively decrease in opposite angular directions 
therefron with a 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 men 
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 
ereiy 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 78 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 

the surfaces thereof : 
than will be radiated in any other direction. As 

sis 
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75 

10 
element, and to divide the combustion chamber 
therein into a plurality of parallel and variably 
shaped passages. ASSuming four of the tubes 18 
as are disclosed by Figs. 10 and 11, it Will be ap 
parent, that the heat radiated. Will be approxi 
mately the same in opposite directions both hori 
zontally and Vertically, as distinguished from the 
structure disclosed by FigS. 8 and 9 which Will 
radiate a greater amount of heat horizontally 
tag, yestigally. . . . . . . . . . . . . . . . . . . . 

Eatae strugture disclosed by FigS. 12 and 13 
the heat absorbing and radiating element 43' 
comprises a plurality of V-shaped strips indir 
gated at 49, all Welded together at the axis of the 

anner that the legs 

ube 24 for the purpose 
plurality of parallel 

'-w The V 
length as is 

of diyigg the latteria:Q a 
shaped passages ind 

's 9 are of the sa w 
ig. 12, and may be placed in any 

aheating element or tube 24 merely 
g the heating andra 

manner as to divide the interior of the tibe 24 to 

ple of modification, and 
dongtish to be limited to the pre 
et forth, but desire to avail myself 

of Such changes and alterations as fall within 
the purview of the following 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 therefron said mixture and the prod 
ucts of Said combustion respectively, and radiant 
heat absorbing and radiating means disposed 
Within Said cornbustion chamber for increasing 
the heating effect of said heating element, said 
means comprising a closed end tube projecting 
in Wardly of said heating tube from the inlet 
thereof and a plurality of open end tubes ar 
ranged Within Said heating element and spaced 
axially in Wardly of said closed tube and adjacent 
the outlet portion of said heating tube, said tubes 
being of Such length and so arranged relative to 
each other so as to tend to maintain the exterior 
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Surface temperature along the outlet portion of 
Said heating tube relatively uniform and at a 
value which approximates the average tempera 
ture of said tube albng 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 
ly obstructing or deflecting the flow of said prod 
ucts of combustion and affording an extended 
radiating surface presented toward but spaced 
from the heating tube wall. 

2. 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 the outlet portion of said combustion 
chamber for increasing the heating effect of Said 
heating element at 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 
defecting 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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12 
along the tube at the outlet portion thereof relaa 
itively uniform and at a value which approximates 
the average temperature of the tube at the inlet 
portion thereof. 

3. 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 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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