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. - . . ELECTRICAL HEATER . 

Charles J. Young, Princeton, N.J., assignor to Radio Cor 
poration of America, a. corporation of Delaware 

Filed June 22, 1962, Ser. No. 204,441 
3 Claims. (Cl. 219—-550) 

This invention relates generally to improved electrical 
heating elements and particularly to improved resistive 
electrical heating elements of the type employing a ‘ribbon 
of resistive material. 7 

In heat exchange systems wherein a flow of air ‘is “to 
be rapidly heated, a ribbon vtype of resistive electrical 
heater ‘element is preferred since it provides more " surface 
than a wire of the same cross-section, and therefore more 
e?icient heat exchange. However, such a ribbon element 
is mechanically unstable because of thermal expansion 
and loss of stillness at red heat. This is particularly true 
wherein ‘the element ‘must be a relatively thin ribbon in 
order to satisfy ?xed requirements of wattage andl‘supply 
voltage. ‘Ordinarily, a looped or folded thin ribbon of 
resistive material loosely supported in channels of insulate 
ing material becomes distorted when heated, causing iin 
even ‘distribution of heat. , 
An object of the present invention is to provide an 

improved electrical heating element. _ v 7 

Another object is to provide a ‘resistive heating element 
having improved mechanical stability. I 
I A further object is to provide a resistive heating ele 
ment having improved uniformity of heat emission._ 

‘Another object ispto provide an electrically resistive 
heating element providing improved and e?icient heat ex: 
change. , I 

The foregoing objects and advantages are provided in 
accordance with the invention which comprises a resistive 
ribbon type electric, heating element including a plurality 
of convolutions of the ribbon element wherein each con 
volution mechanically contacts the next adjacent convolu 
tions at a plurality of‘ evenly-spaced pointsw‘interniedi‘ate 
the ends of the convolutions thereby providing improved 
mechanical support and stability. . I 
The several convolutions in contact with the adjacent 

convolutions may provide diamond-shaped, cnspéshaped 
or triangular-shaped, or the like, openings therebetween 
for the passage of air to be heated. Insulation between 
the contacting portions of the adjacent convolutions may 
be provided by surface oxidation'of the heating element 
or by interposed insulating strips. The heating elements 
may comprise single or multiple pancakes of such con 
volutions, connected in series or parallel, and with the 
convolutions arranged either longitudinally, or annularly. 
The successive convolutions of each resistive element may 
be supported loosely in channels of cooperating par 
allel'or concentric insulating supports. ‘ V‘ 
The invention will be described in greaterdetail by 

reference to ‘the accompanying drawings in which: 
FIG. 1 is an end view of a resistive element with its 

cooperating channels in insulating supports; 
FIG. 2 is a schematic side view representation of a 

prior art ribbon type heating element; 
FIG. 3 is a schematic side view representation of a 

?rst embodiment of the invention showing diamond 
shaped openings'between adjacent heating convolutions‘; 

FIG. 4 is a schematic side view representation of an 
expanded portion of the heater element of FIG. 3; 

FIG. 5 is a schematic side view representation of a 
modi?cation of the convolution arrangement of FIG. 3 
showing a heating element having a larger number of 
diamond-shaped openings between adjacent convolu 
tions; 
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‘FIG. ‘6 is a schematic side view representation of an 
other embodiment ‘bf the invention showing convolu 
tions having a ‘plurality of cusp-shaped portions contact 
ing ‘similar portions in adjacent convolutions; 

\ ‘*FIG. 7 is a r's'tiherria‘tic side view representation of a 
third‘enibodirnent‘ofthe invention showing a plurality of 
zigzag convolutions linter's'pers'ed between straight rib 
bon portions ‘of the heating element; 
FIG. ~_8'i's>"sifn'ilai'"to FIG. -5 with the exception that ad 

jaeentc nvolut'ions "are insulated one from the other by 
mica 'dr other insulating sheets, indicated by dash lines, 
looselysupported between said convolutions; 

FIG. 9a, is asche'matic end view representation of a 
'foiiiith embodiment of the invention showing an annular 
a’i'ra g nie'i'itof the resistive'elern'ent of FIG. 3; 
FIG. 97; ‘is a modi?cation ‘of the embodiment shown 

in FIG. _,9'a'*with the type of resistive element shown 
in "FIG. 5; and p 7 
"FIG; 10’ is "a s'eheinatic cross-sectional view taken 

alongtheisectioii line 10410 of FIGS. 9a and 9b of a 
plurality of annular resistive elements in a blower struc 
tiire. 

v'Sii'nilarreference*éharactei's are applied to similar ele 
rrieiits_’throughout the’ drawings. 
‘R erring to FIGS. 1 and 2 of the drawing, ‘a prior 

art "resrs‘ti'vetypefelectric heater element 1 includes suc 
cessiveloops of‘ ‘Nicihrome ribbon loosely supported in 
channels :3, '5 ‘of insulating ‘supports 7, 9, respectively. 
The ‘ins'u ting supports may comprise any insulating 
ceramic “material eapable ‘of withstanding the heat gen~ 
erated “by the element ‘1. As shown by the dash lines 
1l‘,fwhen"the"'heatingelement 1 is heated to a bright 
red temperature, ‘the ,suec'essive'convolutions become dis 
torteid, "thereby providing haphazard electrical contact 
therebetween and uneven heat distribution along the 
length of the ,‘l’eile'infent 1. Furthermore, the rounded 
portions l3fwithin’lthe ‘eh‘annels' 3, 5 have a substantial 
area which is out “ofthe circulation path of air blown 
through ‘the heating element as indicated by the arrow 
15 in FIG. 1. 

Y ,, FIG.H3 shows an embodiment of the invention wherein 
thegheating' ‘element 1 comprises a metal ribbon of re 
sistive material ‘such, for vexample, as Nich'r'o'rne which 
is preformedjto provide a diamond-shaped pattern of 
openings between successive convolutions of the heating 

. element. The “ends '17 of the‘ convolutions form angles 

50 

which are loosely "supported within the channels 3, 5 in 
the ceramic'insulating supports 7, 9, respectively. The 
angles 171211 the ends of the successive convolutions 
provide a minimum area of the element 1 outside of 

' the. direct air?ow through the heating element. The 
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diamond-shaped convolutions are uniformly arranged to 
provide v‘an 'even'nii'rnber of contacting points 19 between 
adjacent eonvolutions. The ends of the heating element 
are terminated in any desired manner in suitable ter 
ininals 21. ‘Thedesired number 1of convolutions of the 
heating ‘elements are squeezed together in ?rm contact 
with each next adjacent convolution by ceramic plugs 23. 

Prior 'to the’?nal'assembly, the‘successive convolutions 
are stretched apart as shown at the right in FIG. 4 and 
heated to a ‘bright, red temperature to form an oxidized 
coating thereon w‘hich'v‘vill prevent electrical contact be 
tween ‘successive convolutions at the points 19 when the 
heating element is ?nally compressed as shown in FIG. 
3. "If desired, an oxidizing atmosphere will assist in 
forming the oxidized layer on the heating element. If 
on assembly one or more bright spots are found at con 
tacting points 19, the oxidation process is repeated until 
this condition is overcome. 
A heater element as shown in FIG. 3, having a cross 

sectional area of only 1 x 9 inches, has been tested for 
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hundreds of hours of operation with substantially ‘no " which supports the center ceramic support 
deformation of the convolutions thereof and-no shorting H 
of the contacting points 19 while dissipating power of 
the order of 1200 watts. Since substantially no deforma 
tion occurs, uniform heat distribution throughout the 
length of the heater element is provided. ‘ 

FIG. 5 shows a heater element similar to that shown in 
FIG. 3, but having four contacting points 19 between one 
convolution and the adjacent convolutions of ‘the heater 
on either side of the one to provide desired structural 
stability for heater elements of greater width or thinner 
ribbon than provided in the structure of FIG.‘ 3. The 
diamond-shaped openings provided by the zig-zag con~ 
volutions of the heater elements of FIGS. 3 and 5 can‘ 
be extended to any desired width, but the intersecting 
points between one convolution and the two adjacent 
convolutions will always be even in number. _ 
FIG. 6 shows another embodiment of a ribbon heater 

element in accordance with the invention wherein instead 
of preformed zig-zag convolutions, each convolution in 
cludes a number of arcuate or cusp-shaped portions each 
contacting the center of similar arcs or cusps at the points 
20, and wherein, as in FIGS. 3 and 5, there are an even 
number of such contacting points between adjacent con 
volutions. - 

FIG. 7 shows another embodiment of the zig-zag con 
volutions having a straight convolution 21 interspersed‘be-v 
tween alternate zig-zag convolutions 23. This arrange-. 
ment also provides an even number of contacting points 
25 between adjacent convolutions. 

heat‘transfer characteristics thereof are quite similar. 
While in FIGS. 3, 5, 6 and 7 insulation of the surface 

of the resistive element is provided by oxidation thereof. 
to prevent electrical contact at the successive mechanical 
ly contacting points between successive convolutions, FIG. 
8 shows an alternative arrangement, having convolutions 
shaped similar‘to FIG. 5, but wherein the insulation be 
tween successive convolutions is provided by thin mica, 
or other insulating, sheets indicated by the dash lines 27. 
The insulating sheets 27 may be loosely supported be 
tween adjacent convolutions merely by the pressure ex 
erted thereon to squeeze them together in the ?nal assem 
bly of the ‘heater element. - . ‘ 

FIG. 9a shows an annular type of diamond-‘shapedv 
heater element wherein the zig-zag convolutions are sup-v 
~ported in concentric channels 31, 33 in concentrically dis 
posed ceramic cylinders 35, 37, respectively. The ends 
of the heater element 29 are terminated in suitable ter 
minals 39, 41 and are. physically separated by a radial, 
ceramic insulator 43. . . 

The structure of FIG. 9b is similar to that of FIG. 9a 
with the exception that each successive convolution in 
cludes a larger number of contacting points 19, as in the 
structure of FIG. 5. It should be understood that the 
shape of the convolutions may alternatively be according 
to the teachings of FIGS. 6 or 7 or the like, and that if 
desired the insulating spacers 27 of FIG. 8 may be sub 
stituted for the oxidized surface on the heater element 
to prevent electrical contact between successive convolu~ 
tions. 
FIG. 10 shows an arrangement wherein a plurality of 

annular heaters 51, 53 as in FIGS. 9a or 9b are arranged 
in parallel pancakes, supported in concentric-slots 55-, 57 
of ceramic supports 59, 61, respectively. The heater ele 
ments 51, 53 may be electrically connected in series or in 
shunt as desired. An air stream indicated by the arrows 
63 is provided by a blower fan 65 driven by a motor 67 

However, the struc-.‘ 
ture of FIG. 7 does not provide as great mechanical sta 
bility as the structures of FIGS. 3, 5 and 6 although the, 
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59. The mo 
-tor is supported within the outer ceramic support by 
radial legs 69. It will be seen that the fan 65 cools the 
motor 67 prior to projecting the air stream 63 through 
the successive heaters 53, 51. 
What is claimed is: 
1. An electrical heating element comprising a single 

continuous ribbon of electrically resistive material formed 
into a pattern of a plurality of successive complementary 
convolutions, the ends of each convolution forming an 
angle with the next adjacent convolution, cooperating in— 
sulating supports for said ends channeled to receive said 
ends in slidable contact, alternate ones of said convolu-" 
tions having a zig-zag conformation to contact a next 
adjacent substantially straight convolution at regularly 
spaced ‘points intermediate said ends thereof to increase 
the rigidity of said ribbon element, means for insulating‘ 
said ribbon element at said contact points, and means for 
connecting said ribbon to a source of electrical energy. 

2. An electrical heating element comprising a single 
continuous ribbon of electrically resistive material formed’ 
into a pattern of a‘ plurality of successive complementaryl 
convolutions, the ends of each convolution forming an. 
angle with the next adjacent convolution, cooperating in 
sulating supports for said ends being channeled to re 
ceive said ends in slidable contact, each of saidconvolu-. 
tions having a zig-Zag conformation to contact the next 
adjacent convolutions at an even number of regulralyé 
spaced points intermediate‘said'ends thereof to increase 
the rigidity of said ribbon element, means comprising an 
oxide layer on the surface of said material for insulating 
said ribbon element at said contact points, and means for 
connecting said ribbon to a source of electrical energy. 

3. An electrical heating element comprising a single 
continuous ribbon of electrically resistive material formed 
into a pattern of a plurality of successive complementary 
convolutions, the ends of'each convolution forming an' 
angle with the next adjacent convolution, insulating sup 
ports for said ends being channeled to receive said ends, 
in slidable contact, each of said convolutions having a zig— 
zag conformation to contact the next adjacent convoluj 
tions at a number of regularly-spaced points intermediate, 
said ends thereof to increase the rigidity of said ribbon 
element, means comprising an oxide layer on the surface 
of said material for insulating said ribbon element at said‘ 
contact points, and means for connecting said ribbon to’ 
a source of electrical energy. 
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