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The present invention relates to electric heaters for 
fluids, especially gases and vapors, and more particularly 
to high temperature heaters. 
A purpose of the invention is to obtain improved heat 

transfer from a resistor to gases or vapors. 
A further purpose is to heat gases or vapors to ex 

tremely high temperatures. 
A further purpose is to expose maximum area of a 

resistor to gases or vapors in contact with the resistors 
and to get a maximum velocity of flow of the gases or 
vapors over the exposed surfaces of the resistor. 
A further purpose is to form a resistor in the shape 

of a helically wound or continuous wall tube and pass 
gases or vapors through the inside and along the outside 
walls of the tube. 
A further purpose is to support a resistor by means 

of longitudinally spaced insulators which form flow pas 
Sages around the resistor. 
A further purpose is to support a helically wound or 

continuously walled tubular resistor by insulators which 
permit gas or vapor flow through the tube and around 
the exterior of the tube. 
A further purpose is to utilize insulators to both sup 

port the resistors and form continuous passages around 
the resistor to channel gases or vapors along the resistor. 
A further purpose is to support a helically wound or 

continuously walled tubular resistor from insulators in 
a manner whereby a minimum amount of resistor sur 
face is in contact with the insulator surface. 
A further purpose is to heat any desirable gas, gas 

and vapor, or vapor medium to a high temperature for 
subsequent use. 
A further purpose is ot enclose helically wound or 

continuously walled resistors, supported by suitable in 
Sulators, within a pressure tube or chamber to permit 
heating of gases or vapors at high pressures. 
A further purpose is to avoid heat losses by providing 

reverse flow passages in a pressure tube around the resis 
tors and insulators to preheat the incoming gas or vapor 
prior to contact with the resistors and insulators. 
A further purpose is to use vapor in an electric heater 

without danger of short circuiting from condensation. 
A further purpose is to provide a high temperature 

fluid heater which can be readily assembled or disas 
sembled. 
A further purpose is to expose maximum surface of the 

resistor to gases or vapors flowing at maximum velocities 
in order to prevent undue rise in temperature of the 
resistor beyond its structural thermal capacity. 

Further purposes appear in the specification and in 
the claims. 

In the drawings I have chosen to illustrate a few only 
of the numerous embodiments in which my invention may 
appear, selecting the forms shown from the standpoints 
of convenience in illustration, satisfactory operation and 
clear demonstration of the principles involved. 
FIGURE 1 is a fragmentary longitudinal section of 

the heater of my invention. 
FIGURE 2 is an axial section taken on the line 2-2 

of FIGURE 1. 
FIGURE 3 is an end elevation of an insulator of the 

invention showing a plurality of orifices. 
FIGURE 4 is a fragmentary end elevation showing a 
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2 
resistor of the invention supported in an insulator ori 
fice. 
FIGURE 5 is a fragmentary perspective view of a 

helically wound tubular resistor wound from resistance 
wire or flat ribbon. 
FIGURE 6 is a fragmentary perspective view of a 

continuous walled resistor tube. 
FIGURE 7 is a schematic block diagram showing the 

use of a heater in a system for heating of combined 
gas and vapor. 

Describing in illustration but not in limitation and 
referring to the drawings: 
The present invention is concerned with electric heaters 

for fluid which may permissibly be gases or vapors. When 
reference is made herein to gases, it is intended to in 
clude air and mixtures of gases being preheated for any 
use, including use as a heat transfer medium, use in a 
chemical reaction, or any other purpose where high tem 
perature gas is required. When reference is made to 
vapors, it is intended to include steam, ammonia, vapors 
used in chemical reaction, and vapors used for heat 
transfer. Where the gases or vapors are used as a heat 
transfer medium, they can be used either in a closed cir 
cuit system or in a system wherein the heat transfer 
medium is exhausted to the atmosphere after heat ex 
change. - 

In the prior art, demands have been primarily for 
large volumes of gases which, for instance, could be 
used in production processes such as the synthesis of 
ammonia from nitrogen and hydrogen. These demands 
have been successfully met by electric heaters of a type, 
for instance, shown by my Patents Nos. 2,790,889 and 
3,108,174, where large inputs of electric power have been 
utilized in resistor elements which have been of sub 
stantial cross section and size. More recently, high tem 
perature heated gases or vapors in relatively small volumes 
at very high pressures and very high velocities of flow 
have been required in many operations, such as heat 
ing dies in the molding of small plastics and other ma 
terials, pilot plant operations, and laboratory operations 
where hot gases or vapors are necessary to perform tests, 
experiments and other functions. Gas or vapor tem 
peratures required may be, for instance, in the range of 
1800 Fahrenheit or higher. In these pilot or experi 
mental operations, conditions analogous to commercial 
or industrail or military operations are simulated to 
achieve test data on materials under controllable con 
ditions. 
The temperatures achieved by the gases and vapors 

heated according to the invention are of a temperature 
which could, for instance, be achieved by a jet of burning 
gases but such jet would not be acceptable for the pur 
poses stated above because the products of combustion of 
such jet may be chemically objectionable. The heated 
gases or vapors provided by the heater of the present in 
vention, on the other hand, can be selected to yield any 
chemical result or effect desired or in other instances can 
be desirably inert. 

In the present invention, the concept of a helically 
wound or continuously walled tubular resistor has been 
used wherein such resistor is supported from an insulator 
which provides passages along the outside of the tube 
as well as through the center of the tube. By this means, 
maximum area of the resistor is exposed to the gases or 
vapors so that very high temperature effects can be 
achieved at relatively low volume. The flow area along 
the outside of the tube is proportioned to the flow area 
through the center of the tube to provide a balance in 
heat transfer between the resistor and the gas or vapor 
flowing in contact with the entire resistor surfaces. The 
insulators are provided with orifices which have small 
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projections which support and position the resistor. Each 
insulator has a plurality of orifices which provide parallel 
flow passages through a series of adjoining insulators. In 
turn, the preferably disc-like insulators are snugly sup 
ported within a pressure tube or chamber which channels 
the complete flow of gases or vapors through the heater. 
The resistors within the orifices of the insulators can be 
electrically connected in a parallel or series relationship 
as desired. 
The pressure tube or chamber may have reverse flow 

longitudinal passages on its exterior surface so that input 
gas or vapor can be preheated. 
By virtue of the present heater, substantially the full 

heat output of the tubular resistor is delivered to the gas 
or vapor, since the flow is over the entire inside surface 
and substantially the entire outside surface of the resistor. 
Additionally, any heat which is radiated from the ex 
ternal wall of the resistor to the surrounding insulator is 
subsequently transferred to the gas or vapor. The flow 
ing gas or vapor wipes heat from the walls of the insula 
tor orifices which have absorbed the radiant heat. 

Considering now the drawings in detail but not in limi 
tation and looking at FIGURES 1 to 7, a heater 20 has 
an outer tubular pressure wall or shell 21 which is pref 
erably circular in cross section but desirably of any suit 
able shape. The wall 21 is joined as by welding or the 
like at 22 to an end face 23 at one end, and to an end 
face 24 at the other end by, for instance, welds at 25. 
The wall 2 is structurally adequate to support pressures 
which may be several hundred pounds per square inch or 
greater. The end face 23 has an outlet at 26 through 
which the heated gases or vapors pass to their intended 
SC. 

The wall or shell 21 has contained therein baffles 27 and 
28 which are suitably concentrically positioned with re 
spect to the outer wall 21 and which are in the form of 
shields or jackets which channel the inlet gases along the 
pressure shell 2. Longitudinal spacer strips 29 are in 
serted between baffles 27 and 28 and between baffle 27 and 
wall 2 to provide a spacing relationship between the 
baffles and wall 21 to achieve passages for flow of the 
gases or vapors along the passages as described above. 
The inlet gases enter at 30 and pass longitudinally 

through the heater between baffle 27 and wall 21. An 
end space at 31 manifolds the area between baffle 27 and 
wall 21 with the area between baffles 27 and 28 so the 
gas or vapor passes in a reverse flow direction at 32 back 
toward the end of the heater at 33. It should be under 
stood that any number of such baffles and flow passages 
may be used to obtain preliminary flow to preheat the 
entering gases with any stray heat which may be emitted 
from the resistors themselves. The heater portion 34 
comprises an end element 35 which is supported from end 
face 24 by cap screws 36 which engage threaded holes 37 
in end face 24. The support element 35 has threaded 
therein a longitudinal rod 38 which has a threaded por 
tion 40 threaded into support element 35. A lock nut 39 
locks the rod to the element 35. 

Ceramic insulators 41 as best seen in FIGURE 3 are 
supported on the rod 38 which passes through a center 
hole 42 located at the center of the insulator element, 
The insulators 41 are held in spaced relationship from 
the support element 35 by means of a spacer sleeve 43 
which surrounds rod 38. The insulator elements 41 are 
supported in abutting relationship to one another longi 
tudinally along the rod 38 as best seen in FIGURE 1. A 
washer 44 and nut 45 threaded onto rod 38 at the end 
opposite support element 35 retains the insulators in on 
gitudinally adjacent relationship along the rod. 

Each insulator element 41 has a plurality of insulator 
orifices 46 which are generally circular in cross section as 
at 47. When the insulators 41 are assembled on rod 38 
as described above, the insulators are rotationally posi 
tioned so that the orifices 46 are longitudinally aligned 
to provide a plurality of straight flow passages. Each of 
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4. 
the orifices has circumferentially spaced thereon projec 
tions 48, suitably three in number, which desirably have 
an angular surface but which may be permissibly of any 
configuration such as pyramid shape or the like. 
The projections 48 support a resistor element 50 as best 

seen in axial section in FIGURE 4. It will be seen that 
the projections 48 center and support the preferably tubu 
lar resistor element 50 so that the complete inner Surface 
of the resistor element is exposed to flow of the gas or 
vapor and substantially all of the outer surface 52 is also 
exposed to flow of gas or vapor as will be explained later. 

Orifice 46 is of a size which provides a substantially 
uniform flow of gas or vapor through both the interior 
and along the exterior of the resistor. Under this condi. 
tion of flow, the resistor delivers its thermal output uni. 
formly over its inner and outer surfaces, thus allowing the 
resistor to deliver its maximum heat output at a lower operating temperature. 
The tubular resistor elements may optionally be of a 

helically wound wire or flat ribbon as shown in FIGURE 
5. A ribbon 53 is helically wound so that the edges at 
54 are generally adjacent. In an alternate embodiment 
of the resistor as seen in FIGURE 6, the resistor has a 
continuous thin wall 55. It should be understood that al 
though the resistor has been shown in round cross sec 
tion, any cross section tubular resistor may be used, in 
cluding triangular, rectangular, or other shape. 
The respective diameters of the tubular resistors in 

either of the embodiments of FIGURES5 and 6, as well 
as the wall or ribbon or wire thickness, is determined so 
that the necessary ohmic resistance to current flow is ob 
tained to yield the desirable heating effect. 
The resistor 50 extends throughout each of the aligned 

insulator orifices 46 in a manner as shown in FIGURES 
1 and 4. As seen in FIGURE 4, either the embodiment 
as shown in FIGURE 5 or the embodiment as shown in 
FIGURE 6 may be used. 

Each of the resistors which passes through each of the 
aligned orifices of the insulator elements is selectively 
manifolded electrically in any well known manner at each 
end of the heater at 56 and 57 to achieve either a parallel 
relationship or a series relationship between resistors. 
The resistor elements 50 are electrically manifolded into 
terminals at 60 and 61 suitably connected to fixed insu 
lated terminal posts 62 and 63 which are held insulated 
and Sealed Within the support element 35 by insulated sup 
ports 64 and 65. A terminal box 66 encloses the terminal 
connecting posts 67 and 68 which are connected to an 
Outside electrical source. Suitable mountings 70 and 71 
Support the box 66 from the support face 35. An end 
closure or an end cover, not shown, is connected or is 
secured at 72. 
The outside diameter of the insulator 41 is such that 

it fits snugly within inner baffle 28 so that substantial 
blockage of any flow is obtained through the heater ex 
cept through the orifices 46 between the wall 47 of the 
orifice 46 and the wall 52 of the resistor 50, and flow 
through the interior of the resistor 50 at 5. 

This relationship between the insulators 46 and baffle 
28 in addition to blocking any flow of gases or vapors 
provides support to the insulators 46 from the baffle 28. 

In operation, suitable current is provided to the ter 
minals at 67 and 68 to energize the resistors 50 which are 
chosen to provide the necessary ohmic resistance to cur 
rent passage, thus generating a desired amount of heat 
energy. Gas or vapor or a combination thereof is intro 
duced into the heater 20 at inlet 30 and passes in the di 
rection of the arrows 73 along the wall 21 and baffle 27. 
This wall and baffle will be somewhat heated from the 
heat energy radiated from the resistors 50. The fluid will 
reverse flow direction at 31 and pass in the direction of 
arrows 74 between the baffles 27 and 28 and will be 
further heated by the radiant energy provided to these 
baffles as well as any conducted heat to the baffle 28. 
The preheated fluid then passes into the longitudinally 
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aligned orifices 46 of the insulators between the orifice 
wall 47 and the resistor wall 52 and also through the in 
terior of the resistor at 51. 
As the fluid passes through the orifices 46, a highly de 

sired heating effect on the fluid is achieved. First, since 
the complete inner surface of the tubular resistor wall 
52 is exposed to the flow of the fluid, an optimum heat 
transfer relationship is achieved. Additionally, a portion 
of the fluid passes along the outside of wall 52 of the re 
sistor 50 and within the orifice 46 in the passages formed 
at 75, 76 and 77 as seen in FIGURE 4. It will be seen 
that the fluid in its longitudinal passage both through the 
center of the tube and along the exterior of the tube in 
passages 75, 76 and 77 will absorb the heat energy created 
by the resistor and will tend to cool the resistor, thus al 
lowing optimum use of the resistor while preventing undue 
high temperatures in the resistor which would be created 
under less optimum heat transfer conditions. 

Additionally, much of the heat which is radiated to 
the walls of the orifice at 47 will be absorbed in the fluid, 
since the high velocity flow of the fluid wipes heat from 
the surface. 
The size of the orifice passages 75, 76 and 77, is se 

lected to achieve approximate uniform flow through the 
resistor as well as around the resistor, and likewise through 
all of the orifices and resistors, which as described, are 
in parallel. The gases after passing through the orifices 
and through the resistors mix in chamber 80 and pass out 
through discharge opening 26 of the heater 20 for any suit 
able end use. 
The heaters of the invention may be utilized individu 

ally or in combination to heat either gases alone, vapors 
alone, or a combination of gases and vapors. As seen 
in FIGURE 7, one of the numerous combinations of 
heaters is shown. A gas 80 enters a first heater 81 of 
the type described above and the gas is suitably heated 
and discharged from heater 81 at 82. The vapor from 
boiler 83 heated to its saturated condition passes through 
line 84 from boiler 83 and is mixed with gas from heater 
81 at 85. This mixing stage of hot gas and saturated 
vapor insures that the combination vapor gas mixture en 
tering heater 86 at 87 does not form a condensate which 
would short out the electrical elements of heater 86, since 
the vapor is superheated when it reaches heater 86. The 
combined gas vapor mixture passes through heater 86 
through line 88 into a work vessel or the like 90 where 
in the heat of the fluid medium is transferred to an end 
product or process. The somewhat cooled gas vapor mix 
ture is discharged from the work 90 through return line 
91 into heat exchange jacket 92 of boiler 83, and is further 
cooled at this point by transferring more of its heat to the 
contents of boiler 83, after which it is discharged at 93. 
Feed line 94 supplies fluid to the boiler 83 as required. 
In the event that the return fluid through 91 is insufficient 
to produce enough saturated vapor, additional electric 
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heating elements 95 can be turned on in boiler 83 to make 
up the deficiency. 

In view of my invention and disclosure, variations and 
modifications to meet individual whim or particular need 
will doubtless become evident to others skilled in the 
art, to obtain all or part of the benefits of my invention 
without copying the structure shown, and I, therefore, 
claim all such insofar as they fall within the reasonable 
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spirit and scope of my claims. 
Having thus described my invention, what I claim as 

new and desire to secure by Letters Patent is: 
1. In a heater for high temperature fluids, a longitu 

dinally extending outer closed shell having a fluid inlet 
and a fluid outlet, a series of insulators having a plu 
rality of apertures extending through each insulator ar 
Tanged in longitudinally abutting and aligned relationship 
along the length of the heater within the shell to form a 
plurality of orifices having inner walls extending through 
the insulators, a tubular resistor having substantially 
continuous inner and outer surfaces extending longitu 
dinally through each orifice, peripherally spaced projec 
tions extending inwardly from and longitudinally along 
the inner walls of the orifices for centrally supporting a 
resistor within each orifice and for spacing the resistor 
apart from the inner walls of the orifice so as to form 
inner and outer passageways with respect to the resistor 
through each orifice and external electrical connection 
to said resistors whereby fluid flowing through these 
orifices is heated by contact with both surfaces of the 
resistor and the walls of the orifice. 

2. A heater of claim , wherein the tubular resistor is 
helically wound, the edges of each winding abutting with 
one another to form the continuous surfaces of the re 
sistor. 

3. A heater of claim 1, wherein the tubular resistor has 
continuous cylindrical walls. 

4. A heater of claim 1, including baffle means between 
the shell and the insulators for directing flow of the fluid 
along the length of the heater to preheat it prior to 
passage through the orifices. 

5. A heater according to claim 1, including means for 
centrally supporting the plurality of insulators within the 
shell in aligned and abutting relationship. 
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