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[5 7] ABSTRACT 
An electric heater for heating ?owing air comprises a 
sheet support for a heater ?lament of non-circular 
cross—section and twisted about its longitudinal axis. 
The heater ?lament is wound about or attached in me 
ander fashion to the support sheet in such a manner 
that successive segments of it are parallel and extend 
between opposed edges of the support sheet in contact 
with a face of the latter. An insulating cover layer dis 
posed in contact with the heater ?lament segments de 
?nes together with these segments and the support 
sheet a multiplicity of relatively narrow, open-ended 
passages for the air to be heated. The support sheet 
may be ?at and rigid or ?exible and convoluted on it 
self together with the cover layer, or it may be tubular. 

8 Claims, 9 Drawing Figures 
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ELECTRIC HEATER FOR HEATING A FLUID 
MEDIUM 

This invention relates to electric heaters, and more 
particularly to electric heaters of the kind in which air 
or some other ?owing ?uid medium contacts an elec» 
tric heating element to be heated thereby. 
A common type of electric air heater comprises a 

heat~resistant insulating support which carries a ?la 
mentary heating element and is disposed in a ?ow pas 
sage ‘for the air to be heated. In heaters of this type, the 
transfer of the heat from the heating element is often 
rather nonuniform and inef?cient, because only a small 
portion of the air ?ow contacts the heating element. In 
addition, the electric insulation of the heating element 
from the walls of the flow passage often renders the 
heater bulky and structurally complicated. 
A general object of this invention, therefore, is to 

provide an electric heater for air or other ?uid medi 
umswhich is simple and inexpensive and ensures an ef 
ficient and uniform heating. A more specific object is 
to provide an electric heater in accordance with the 
foregoing general object which is compact so that it can 
be used in applications where the available space is lim 
ited. 

The above and other objects, features and advan 
tages of the present invention will be understood from 
the following detailed descriptions of exemplary em 
bodiments shown in the accompanying drawings. 
FIG. 1 is a longitudinal cross-sectional view along 

line l-I of FIG. 2 of an air heater constructed in accor 
dance with the invention; 
FIG. 2 is a cross-sectional view along line II-II of 

FIG. I; ' 

FIGS. 3 and 4 are cross-sectional views along line III 
—III of FIG. 4 and line lV-IV of FIG. 3, respectively, 
showing a modi?cation of the heater of FIGS. 1 and 2; 
FIG. 5 is a developed view of an insulating support 

strip which is provided with a helically wound heater 
?lament and placed on an insulating cover strip and 
which, in the ?nished heater, is convoluted together 
with the cover strip to form an annular heater body; 
FIG. 6 is an end view showing the ?nished heater 

with the convoluted heater body disposed in the annu 
lar space between two concentric casing members; 
FIG. 7 is a longitudinal cross-sectional view along 

line Vll—VII of FIG. 6; 
FIG. 8 is a longitudinal cross-sectional view of a 

heater comprised of three tubular, concentric heater 
bodies disposed in a tubular outer casing; 
FIG. 9 is a perspective view of one of the heater bod 

ies in FIG. 8 

In the drawings the ?ow of air to be heated is indi 
cated by arrows, but for simplicity of illustration, the 
means producing the forced air ?ow through the heater 
are omitted. 

As shown in FIGS. 1 and 2, the heater 10 includes a 
casing 11 of rectangular cross-section (FIG. 2) and 
having a through opening 12 adapted to receive the air 
to be heated and discharge the heated air. The two 
sidewalls of the opening 12 are each provided with an 
electrically insulating, heat-resistant side plate 13 each 
of which serves as a cover layer. Between the two side 
plates 13 and spaced therefrom there is disposed an 
other electrically insulating and heat-resistant rigid 
plate 14 on which a ?lamentary resistance heating ele 
ment E5 of non-circular cross-section is supported. The 
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heating element 15 consists of two resistance wires 15’ 
of circular cross-section which are twisted together 
about their length and have their ends connected to a 
pair of terminals 16 on the support plate 14 the wires 
thus de?ning helical surfaces. 
As best seen from FIG. 1, the heating element 15 is 

helically no und about the support plate 14 in such a 
manner that the substantially straight segments 17 of its 
convolutions are generally parallel to the longitudinal 
axis of the opening 12 and substantially uniformly dis 
tributed over both faces of the support plate 14. As 
seen from FIG. 2 the segments 17 are covered and en 
gaged by the side plates 13, whereby each side plate 13 
de?nes together with the adjacent face of the support 
14 and the segments 17 a group of parallel and substan 
tially identical, open-ended air passages 18 extending 
longitudinally of the opening 12. The side plates 13 
sealingly engage the side walls of the opening 12, and 
all air traversing the opening 12 accordingly ?ows 
through the passages 18. A suitable choice of the spac 
ing of the segments 17 and the diameter of the wires 
15' (and thus the dimension of the air passages 18 
transversely of the side and support plates 13,14,13, 
this dimension being twice the wire diameter) ensures 
an efficient and uniform heating of all air passing 
through the opening 12. 

In assembling the heater 10 of FIGS. 1 and 2, the sup 
port plate 14 with the heating element 15 and the ter 
minals 16 are slid as a unit into the space between the 
side plates 13 in the opening 12. A number of terminal 
posts 19 are then inserted through bores (not shown) 
in the casing 11 and secured to the terminals 16. Alter 
natively, the terminal posts 19 may be secured to the 
terminals 16 before the unit is slid into the casing; 
notches in the casing then receive the terminal posts. 

In the heater 102 shown in FIGS. 3 and 4, the side 
plates 13 belong to the aforesaid heater unit, which is 
adapted to be slid into the opening 12 of the casing 11. 
To this end, the plates 13 and the plate 14 are rigid and 
held together by a helically twisted and helically wound 
wire 20 extending transversely of the heating element 
15a as shown in FIG. 3. The diameter of the wire 20 is 
chosen such that the heater unit ?ts snugly in the casing 
opening 12. The wire 20 spaces the side plates 13 from 
the sidewalls of the opening 12 but prevents the air 
from bypassing the air passages 18 between adjacent 
segments 17 of the heating element 15. 
The resistance heating element 15a in FIG. 3 is a nar 

row strip twisted about its longitudinal axis, and the di 
mension of the air passages 18 transversely of the plates 
13 and 14 thus is approximately equal to the width of 
the strip. By varying the width of the strip while main 
taining a constant cross-sectional area, different trans 
verse dimensions of the air passages can be obtained 
without changing the resistance value of the heating el 
ement. 

In FIGS. 5 to '7, a resistance heating element 21 
formed by a helically twisted narrow strip is helically 
wound about an elongated, electrically insulating sup 
port strip 22 with the parallel, uniformly spaced seg 
ments 23 extending transversely of and between the 
longitudinal support strip edges and in engagement 
with the support strip faces. The ends of the heating el 
ement 21 are connected to a pair of terminals 24 adja 
cent the ends of the support strip. The support strip 22 
with the heating element 21 is placed on an electrically 
insulating, flexible cover strip 25 slightly wider than the 
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support strip 22 and having its end portions 25A and 
25B projecting from the ends of the support strip. 
FIGS. 6 and 7 show a complete heater 26, in which 

the support strip 22 and the cover strip 25 are convo 
luted longitudinally on themselves to an annular heater 
body, the inner end of the convoluted body being the 
right-hand end in FIG. 5. As seen in FIG. 6, the cover 
strip 25 engages and covers all of the heating element 
segments 23. 
The annular heater body is inserted and snugly ?ts in 

the annular space de?ned between two concentric cas 
ing members, an inner tubular member 27 and an outer 
tubular member 28 having an end wall 29. The air to 
be heated is passed through the several relatively nar 
row air passages 30 defined by the strips 22 and 25 and 
the heating element segments 23 and leaves the heater 
26 through the inner casing member 27 as shown in 
FIG. 7. 
The heater 31 shown in FIGS. 8 and 9 comprises 

three tubular concentric heater bodies 32, 33, 34 and 
a tubular casing body 35 concentrically surrounding 
the heater bodies. Apart from their dimensions the 
three heater bodies are substantially identical, and the 
outermost heater body 32 is shown in FIG. 9. 
As shown in FIG. 9, the heater body 32 has a multi 

plicity of notches 36 and intervening lips 37 at both 
ends. The lips serve to hold a resistance heating ele 
ment 38 formed by a twisted strip which runs along a 
meandering path around the circumferential outer sur 
face of the body and has its ends connected to a pair 
of terminals 39. The parallel segments 40 of the heating 
element extending between the notched ends are 
slightly inclined relative to the axis of the body 32 and 
define between them a large number of correspond 
ingly inclined open-ended air passages 41. 
As shown in FIG. 8, the spacing between adjacent 

heater bodies and between the outermost heater body 
32 and the casing body 35 is equal to the maximum 
cross-sectional dimension of the heating element 38. 
That is, the circumferential inner surfaces of the casing 
body 35 and the heater bodies 32 and 33 engage the 
heating element segments 40 on, respectively, the out 
ermost heater body 32, the intermediate heater body 
33, and the innermost heater body 34 and thus ful?l the 
function of the covering layers 13 and 25 in FIGS. 1 to 
4 and 5 to 7. 
The three heating elements 38 of the heater 31 may 

be connected in series or parallel or may be provided 
with with heating current independently of each other. 
In order that unwanted short-circuiting of the heating 
elements may be avoided, the three heater bodies are 
of different lengths and staggered 
shown in FIG. 8. 
The air to be heated is directed into and discharged 

from the heater 31 in the same direction, and bypassing 
of the air passages 41 is prevented by a transverse wall 
42 in the innermost heater body 34. - 
Since the air passages 41 are slightly inclined, the tu 

bular stream of heated air leaving the heater 31 has a 
rotational component of motion, the magnitude of 
which of course depends on the degree of inclination 

of the air passages. 
The heater bodies 32, 33, 34 may be made from an 

elongated ?exible strip the ends of which are con 
nected together after the heating element 38 and the 
terminals 40 have been applied to the strip. 
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As shown in FIGS. 1, 3, 5, 9, the ratio of the length 

L of the air passages to their width W is relatively high, 
namely, of the order of ten to one. Although a high 
value of this ratio often is advantageous, the value is 
not very critical and it may be substantially smaller but 
should always be higher than about two to one; if 
smaller it might be difficult to obtain'the desired high 
ef?ciency of the heat transfer. 
Any suitable material may be selected for the heating 

element support and the covering layers as long as it 
provides the desired electrical insulation and is heat 
resistant enough to withstand the temperature of the 
heating element. As a nonlimiting example of a suitable 
material for the heating element support, anodized 
sheet aluminum may be taken. 
What is claimed is: 
1. An electrical heater for heating a ?uid medium 

?owing therethrough comprising: 
a. an electrically insulating heating element support; 
b. a ?lamentary heating element, twisted about the 

length of the element, mounted on the heating ele 
ment support and including a plurality of parallel 
heating-current conducting segments extending in 
spaced relations between opposed edges of the sup 
port and in engagement with at least one face of the 
support, the length of said segments being more 
than twice the spacing of adjacent segments; and 

e. an electrical insulating cover layer having one face 
thereof in engagement with said segments and uni 
formly spaced from said face of the heating ele 
ment support; 

the heating element segments de?ning between the 
heating element support and the cover layer a plu 
rality of helically walled parallel passages for the 
passing of the ?uid medium to be heated, the pass 
ing being parallel to said walls from one of said 
edges of the heating element support to the other, 
said passages having a dimension transverse of said 
faces substantially equal to the maximum cross 
sectional dimension of the heating element seg 
ments. 

2. A heater according to claim 1 including: 
a casing having a ?rst opening de?ning a ?uid inlet, 
a second opening de?ning a ?uid outlet, and an 
elongated ?ow path extending between the inlet 
and the outlet in which said heating element, said 
support, and said cover layer are disposed with said 
passages extending substantially parallel to the lon 
gitudinal axis of the ?ow path. 

3. A heater according to claim 2 in which the heating 
element support and the cover layer are held together 
as a unit ?tting snugly in the casing. 

4. A heater according to claim 1 in which the ?la 
mentary heating element comprises two wires twisted 
together. 

5. A heater according to claim 1 in which the ?la 
mentary heating element is a ?at strip twisted about its 
longitudinal axis. 

6. A heater according to claim 1 in which the heating 
element support is a ?exible strip, 

the cover layer is ?exible, 
the heating element support and the cover, layer are 
convoluted longitudinally on themselves to an an 

' nular structure, and 

inner and outer concentric annular casings are pro 
vided, which de?ne between them an annular 
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space in which said annular structure is disposed 
with a snug ?t. 

7. A heater according to claim 1 in which the heating 
element support is a ?rst tubular body, the ?lamentary 
heating element segments are disposed on the outer 

_ surface of they tubular body and extend between its 
ends, and the cover layer is a second tubular body con 
centric with and enclosing the ?rst tubular body. 

8. A heater according to claim 7, including a second 
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heating element support formed by a third tubular body 
having additional parallel heating element segments 
disposed on its outer surface and extending between its 
ends, the second heating element support being con 
centric with and disposed within the ?rst tubular body 
with said additional heating element segments engaging 
the inner surface of the ?rst tubular body. 

* * * * * 


