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UNITED STATES PATENT OFFICE 
2,619,579 

ELECTRIC AIR HEATER 

John W. Cartinhour, Baldwin, N. Y., assignor to 
Foster Wheeler Corporation, New York, N. Y., 
a corporation of New York 
Application May 4, 1950, Serial No. 159,937 

This invention relates to a heat exchanger for 
air or other fluids and more particularly to an 
electric air heater. 

In certain high pressure, high temperature ser 
vice, utilizing large quantities of air for relative 
ly short periods of time, for example only, the 
supply of air at approximately 1040° F. and 3000 
p. S. i. g. With entering conditions at 650 F. and 
3030 p.s. i. g., the heater must be capable of 
being placed in service at its full capacity in a 
matter of a few seconds and must maintain 
steady conditions thereafter. 
This requires a heater having unique features 

which are objects of this invention and which 
may be grouped as follows. 

(1) Features enabling the exchanger to per 
form according to requirements; 

(2) Features providing for Safe Operation; and 
(3) Features contributing to an economic so 

lution of the problem. 
Single features do not necessarily contribute to 

only one of the groups and in Several cases a 
feature contributes to all three. 
The necessity for rapid starting combined with 

steady operating conditions is met in this in 
vention by utilizing electric power as a Source 
of heat. It can be made available With extreme 
rapidity and its rate of input can be controlled 
With a high degree of accuracy. Further, in 
order to reduce the time required to make heat 
available to a minimum, the heat storage capacity 
of the heating elements must be relatively small. 
This condition is satisfied by the use of high 
voltages and light resistive conductors. More 
over the relatively small mass of these resistive 
conductors alone contributes to the economy of 
the structural design, 
Although the primary purpose of the heating 

elements is to heat the air or other fluid to the 
desired temperatures, it is important that they 
accomplish their function safety. Therefore, 
these elements must be arranged. So that the 
danger of overheating is minimized. For this 
reason the heating elements utilized herein are 
tubular in form and arranged so that the air 
or other fluid to be heated flows through then. 
The pressure drop through the tubular elements 
is sufficient to assure even distribution of flow 
through the various tubes, and the flow rate 
per tube is high enough to provide relatively 
high heat transfer coefficients. Thus the use 
of small, light heating elements contributes to 
all three of the desirable unique features grouped 
herein above. 
The tubular heating elements are enclosed in a 
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metallic shell, in a manner to be described, to 
provide appropriate distribution and flow of air 
through the elements. Since all metals lose 
strength at elevated temperatures, it is desirable 
to keep the shell temperatures as low as possible. 
For this reason the cool air of fluid to be heated 
is directed in such a way inside of the shell, by 
arrangements to be described, as to keep the shell 
at a uniformly low temperature. This reduces 
the cost of the shell by reducing its required 
thickness and, also, by eliminating the necessity 
for use of high-alloy materials for the shell, 
It also contributes to the safety of the shell or 
vessel by reducing thermal stresses which under 
the rapid starting conditions mentioned herein 
night eventually cause Cracking of the shell and 
a Serious operating failure. In addition, the 
maintenance of uniform shell temperature at gas 
ket joints in the shell reduces the possibility of 
air or fluid leakage through them. 
Other objects and novel features of the inven 

tion include the provision of structure adaptable 
for providing heat exchange between different 
fluids at different temperatures and also of struc 
ture adaptable for electrical heating of fluids 
other than air having proper dielectric proper 
ties. - 

Other objects and novel features will become 
apparent from the following specification and ac 
companying drawing wherein: 

Fig. 1 is a longitudinal view, partially in sec 
tion, of a heater embodying the invention; 

Fig. 2 is a transverse vertical section taken 
along line 2-2 of Fig. 1 and viewed in the direc 
tion of the arrows; 

Fig. 3 is a transverse vertical section taken 
along line 3-3 of Fig. 1 and also viewed in the 
direction of the arrows; 

Fig. 4 is a fragmentary longitudinal section on 
an enlarged scale taken along line 4-4 of Fig. 2 
illustrating details of construction, and, also, 
viewed in the direction of the arrows; 

Fig. 5 is a fragmentary transverse section 
taken along line 5-5 of Fig. 4 also viewed in the 
direction of the arroWS; and 

Fig. 6 is an isometric view in diagrammatic 
form of the heating tube arrangement and elec 
trical circuit involved. 

Referring to the drawings, O denotes a hol 
low shell of metal or other deisrable material 
which is provided at its opposite ends With tubu 
lar end members and 2 of larger overall cross 
sectional dimensions than that of shell O and 
each having two differently dimensioned internal 
portions fa, b and 2a, 2b respectively each 
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different from that of the internal dimensions of 
shell to define the respective shoulders c, 
ld and 2c, 2d. The end members and 2 

are secured respectively to the opposite ends of 
shell as by Welding or the like at 3 and 4. 
The inner wall of shell () is provided with a 

snugly fitting tubular liner 5 preferably of sheet 
metal. This liner 5 is optional if shell is 
itself of metal suitable for the intended purposes. 
Metal closure members 6, 6d fitting within the 
recesses a and 2a, with sealing gaskets Gabut 
the respective shoulders c and 2C and are 
tightened against the gasketS. G. and Secured in. 
place as by bolts and nuts 7, 8. External re 
inforcements 20, 2 are provided for the respec 
tive closure members 6, 6a, and these are held 
securely against the latter by segmental locking 
rings 22, 23 fitting edgewise respectively in the 
annular grooves 24, 25 in portions if a. and 2d 
of members and 2 and bolted to the respec 
tive reinforcements: 20, 21 by bolts. 26. 
A tubular shell 28 of sheet metal or the like 

having smaller cross sectional external dimen 
sions than the inner cross sectional dimensions 
of liner 5 or inner dimension of shell 0 is lo 
cated in a centralized position within shell 0, 
one end projecting into the portion 25 of end 
member 2. The shell 28, is provided at various 
external-points with spacing fins or lugs 29 which 
centralize it relative to liner 5 and shell 10. 
throughout its length so that shell 28 and lining 
5 define an annular space S extending from the 

shoulder 2d. to the far end of shell 28, where the 
space S communicates with a chamber portion 
C of Shell f0. 
A transversely extending partition 30 divides 

the inner shell into a tube bearing compartment 
E) to. One: Side of the partition 3) and a cold air 
space E at its opposite side. Openings 3 in the 
wall of shell 28, provide communication between 
Spaces. S and E. for purposes presently to be 
described. 
An inlet nozzle 33, preferably having a lining 

34, is secured as by welding or the like at 35 
about an opening 36 provided in shell O. and its 
lining 5 and communicates with the annular 
space S. An outlet nozzle 37 preferably having 
a lining 38 is Secured as by welding or the like at 
39 about an opening 40 communicating with 
Space S. An inner. Shell or tube. 4 i Of Smaller di 
ameter than lining 38 and defining with it an 
annular Space paSSageway H extends from the 
outer end of nozzle:37 inwardly and is secured as 
by welding or the like at 42 about an opening 
43 in shell 28 which communicates with space D 
of the latter. Thus: all internal surfaces of the 
shell f and its ends are in surface contact with 
air or fluid at its cool entering temperature and 
the shell iG remains substantially at this tem 
perature, during use. 

Transversely, extending metallic tube supports 
45- each fitting within an annular recess of a pe 
righeral Supporting ring 46 are positioned at 
Spaced apart points within the shell 28, the rings 
46 fitting Snugly" but movably the internal di 
ameter of shell 28. The particular ring 46 of 
the tube Support 45 in closest proximity to parti 
tion 3 ? abuts an annular segmental ring 47º se 
cured as by lugs or the like to the inner sur 
face of shell 28. This ring 4 serves as a limit 
stop. The outermost supporting ring 45 adjacent 
the opposite end of shell 28 is provided with lon 
gitudinally extending expansion rods 48 which 
fit slidably in openings provided in guide flanges 
49 soldered or the like to the shell 28. 
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4. 
Each tube support 45 has a like number of 

identically arranged openings 50 (Fig. 4) in each 
of which a tubular bushing 5 of electric insu 
lating material is mounted. Tubes 52 of electri 
cal resistor material, for example, nickel 
chronium alloy, or other equivalent electric re 
sistor material are threaded longitudinally 
through axially aligned bushings 5 in the re 
spective tube supports 45, one end of each tube 52 
communicating with chamber C, and the oppo 
Site end of each tube 52 communicating with 
chamber D. The tube support plates 45 fit rings 
46, and the latter fit the inner Surface of shell 
28 and, similarly, bushings 5 fit openings 50 and 
tubes. 52 fit, bushings 5 sufficiently closely to 
limit leakage of air from space C to Space D 
through space F to a very Small quantity, but the 
fits are not close enough to prevent relative ex 
pansion or contraction of parts. 
The ends of all resistor tubes. 52 projecting into 

chamber C in each horizontal row of tubes. (Fig. 
6) are electrically interconnected by distribu 
tors. 53 and all the. latter are electrically con 
nected to a bus. 54 which in turn is connected by 
a metal conductor 55 to a terminal 56 carried by 
an insulator 57 that in turn extends outwardly 
of the lining 15 and shell 0 through an opening 
that is. Sealed appropriately around its edges at 
58. The other ends of all tubes 52 projecting 
into chamber D. in each horizontal row are elec 
trically interconnected by distributors. 59, and 
the latter are electrically connected to a bus. 60 
which is, for example, grounded by connection. 
at 6 with the shell 28, which latter is connected 
electrically by the weld at 42 to the shell 41 which 
is in contact with the grounded outlet nozzle. 37. 

All the tubes 52, are thus connected in elec 
trical parallel and may be supplied from a com 
mon power Source P connected to the terminal 
56 and to ground. Appropriate voltage and cur 
rent controls. (not shown) are connected in the 
power circuit in the usual manner. While elec 
trical parallel connection for tubes 52 is shown, 
it is to be understood that the electrical con 
nection of the tubes 52, also, may be either series 
Or Series-parallel depending upon the type of 
electric power available at the place of use, the 
requirement being that electric current flow in 
the tubes will be sufficient to heat them to neces 
sary temperatures to produce desired heating of 
the air or other fluid flowing through the re 
Sistor tubes 52. 

Operction. 

Electrical power P is connected to the tubes: 
52 as described. Air is introduced through noz-- 
zle 33 and is first directed. to flow in space. S be 
tween lining 5 and shell 28 as an envelope of 
air to maintain substantially uniform tempera 
ture of the outer shell is and its lining 5 to 
Space or chamber C whence it flows through each 
of the electrically heated tubes 52 to space or 
chamber D being heated in its passage through 
the tubes. From chamber D the heated air flows 
OutWardly through tube 4 in nozzle 3:. A small 
portion of the cold air entering nozzle 33 also 
fioWS from passage S through some of the open 
ings 3 into Space or chamber E and from the 
latter outwardly through others of the openings 
3 and through the annular space H and rejoins 
the heated air flowing in tube 4 through open 
ingS 4b in the wall of the latter. The cool air 
in chamber E and in space H acts to keep the 
hot end of shell to and outlet nozzle 37 at sub 
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stantially the same uniform temperature as 
shell f O, 
Although the invention has been described as 

an air heater, it is not limited in its application 
to air. Any fluid having proper dielectric prop 
erties can be heated in the exchanger described. 
The heater constructed and operated as de 
Scribed embodies all features outlined at the Out 
set of this specification. The shell 28, members 
45 and partition 30 act as baffles to direct the 
air or fluid in proper direction as described. 

Modification, 
With slight modification, and without the use 

of electric heating, the device can be utilized to 
provide heat exchange between any cold and any 
hot fluid. In such case, the material of tubes 
52 need not be of electric resistor material, but 
may be of any other metal. Electric connec 
tions to the tubes can be eliminated and the end 
tube supports 45 and their rings 46 provide leak 
proof seals at opposite ends of tubes 52 and shell 
28 so that compartment or chamber F is sealed 
off from chambers C and D. An inlet nozzle and 
an outlet nozzle each communicating with chain 
ber F are provided. One of the two fluids is 
circulated via nozzle 33 through space S, cham 
ber C, tubes 52, chamber ) and outlet nozzle 3 
as previously described. The other of the two 
fluids is fed into chamber F around the external 
Surfaces of tubes 52 in heat exchange relation 
ship with the fluid flowing through the latter 
tubes and finally out through the second outlet 
nozzle. Relative flow of the two fluids may be 
in counter current direction or the same direction 
as desired. 
While Specific embodiments of the invention 

have been disclosed, variations in structural de 
tail within the scope of the claims are possible 
and are contemplated. There is no intention 
therefore of limitation to the exact details shown 
and described. 
What is claimed is: 
1. Apparatus for heating air or other fluids 

comprising an outer elongated shell, renovable 
COver members at opposite ends of said shei, 
means for securing said cover members in fluid 
tight relationship with the outer shell, an inner 
Shell supported within and extending longitudi 
nally of the outer shell, the inner shell being so 
dimensioned and positioned within the outer 
Shell as to define a fluid flow passageway around 
the inner shell between the inner surface of the 
Outer shell and the Outer Surface of the inner 
Shell, tube suppoits Spaced from one another 
and Spanning in a fluid-tight, Inanner the cross 
Sectional area of the inner shell and in spaced 
relationship with the opposite ends of the oute' 
shell, one of the tube supports defining one side 
of a fluid inlet chamber within the Outer shell 
between One end of said outer shell and said one 
Support, the inlet chamber being in communica 
tion. With the fluid passageway, a partition Span 
ning the cross-sectional area of the inner shell 
intermediate the opposite end of the outer shell 
and the other tube support, thereby defining 
One end of a heated fluid outlet compartment, 
between said other tube Support and the parti 
tion and a cool fluid Space between Said opposite 
end of the Outer shell and said partition, the 
cool fluid Space being in communication with 
Said fluid flow passageway to receive fluid there 
from, a fluid inlet nozzle in communication with 
the fluid flow passageway adjacent said opposite 
end, a fluid outlet nozzle in communication with 
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6 
the outlet compartment at said opposite end, 
tubes carried by said supports and extending in 
spaced relationship with one another longitudi 
nally through the inner shell with their opposite 
ends extending into the respective inlet and out 
let chambers, electrical connections intercon 
necting all the tubes at one end to a common 
conductor, electrical connections interconnecting 
all the tubes at the other end to a Second con 
mon conductor, and means for Connecting the 
said common conductors to a source of electric 
power whereby said tubes may be heated electri 
cally and whereby the fluid to be heated will 
be directed from the inlet nozzle through the 
fluid passageway in surface contact with the 
inner and outer shells and into said inlet cham 
ber, then through the tubes being heated in flow 
therethrough, and into said heated fluid Outlet 
compartment chamber and thereafter through 
the outlet nozzle. 

2. Apparatus for heating air or other fuids 
comprising a cylindrically shaped outer shell, re 
movable cover members at opposite ends of Said 
shell, means for securing said cover members in 
fluid-tight relationship with the outer shell, a 
cylindrically shaped inner shell Supported with 
in and extending axially of the outer shell, the 
inner shell being of a lesser diameter than and 
so positioned Within the outer shell as to define 
a fluid flow passageway around the inner shell 
between the inner Surface of the Outer shell and 
the Guter Surface of the inner Shell, tube sup 
ports Spaced from one another and spanning in 
a fluid-tight manner the cross-sectional area of 
the inner shell and in Spaced relationship with the 
opposite ends of the outer shell, one of the tube 
SupportS defining One Side of a fluid inlet chan 
ber Within the Outer shell between one end of Said 
outer shell and said one Support, the inlet cham 
ber being in communication with the fluid pas 
sageway, a partition spanning the cross-sectional 
area of the inner shell intermediate the opposite 
end of the outer shell and the other tube support, 
thereby defining one end of a heated fluid out 
let compartment between said other tube sup 
port and the partition and a cool fuid space be 
tween said opposite end of the outer shell and 
Said partition, the cool fluid space being in com 
munication. With said fluid flow passageway to 
receive fluid therefrom, a fluid inlet nozzle in 
communication. With the fluid flow passageway 
adjacent Said opposite end, a fluid outlet nozzle 
in communication with the outlet compartment at 
Said Opposite end, tubes carried by said supports 
and extending in Spaced relationship with one 
another longitudinally through the inner shell 
with their opposite ends extending into the re 
Spective inlet and outlet chambers, electrical 
Connections interconnecting all the tubes at one 
end to a common conductor, electrical connec 
tions interconnecting all the tubes at the other 
end to a second common conductor, and means 
for connecting the said common conductors to a 
Source of electric power whereby said tubes may 
be heated electrically and whereby the fluid to 
be heated Will be directed from the inlet nozzle 
through the fluid passageway in surface contact 
With the inner and outer shells and into said 
inlet chamber, then through the tubes being heat 
ed in flow therethrough, and into said heated 
fluid outlet compartment chamber and there 
after through the outlet nozzle. 

3. Apparatus for heating air or other fluids 
comprising an outer elongated shell, removable 
cover members at opposite ends of said shell, 
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means for securing said cover members in fluid 
tight relationship with the outer shell, an inner 
shell supported within and extending longitudi 
nally of the outer shell, the inner shell being SO 
dimensioned and positioned within the outer shell 
as to define a fiuid flow passageway around the 
inner shell between the inner Surface of the outer 
shell and the outer surface of the inner shell, tube 
Supports spaced from One another and Span 
ning in a fluid-tight manner the croSS-Sectional 
area of the inner shell and in Spaced relationship 
with the opposite ends of the outer shell, one of 
the tube supports defining one side of a fluid 
inlet, chamber within the outer shell between One 
end of said outer shell and said one Support, the 
inlet chamber being in communication with the 
fluid passageway, a partition spanning the CrOSS 
sectional area, of the inner shell intermediate the 
opposite end of the outer shell and the other tube 
support, thereby defining one end of a heated 
fluid outlet compartment between said other tube 
support and the partition and a Cool fluid Space 
between said opposite end of the outer shell and 
said partition, the cool fluid space being in cond 
munication with said fluid flow passageway to 
receive fluid therefrom, a fluid inlet nozzle in 
communication with the fluid flow passageway 
adjacent said opposite end, a fluid outlet nozzle 
in communication with the outlet compartinent 
at said opposite end, said outlet nozzle corn 
prising an inner sleeve so dimensioned and po 
sitioned within the nozzle as to define a flow path 
around said sleeve between the outer periphery 
thereof and the nozzle, said sleeve being in com 
munication at the inlet end thereof with the 
heated fluid compartment and at the outlet end 
with the nozzle outlet, the flow path being in 
communication at One end thereof With said fluid 
passageway to receive fluid therefron and at 
the opposite end With Said nozzle outlet, tubes 
carried by said supports and extending in spaced 
relationship with one another longitudinally 
through the inner shell with their opposite ends 
extending into the respective inlet and outlet 
chambers, electrical connections interconnect 
ing all the tubes at one end to a common con 
ductor, electrical connections interconnecting all 
the tubes at the other end to a second gonino; 
conductor, and means for connecting the said 
common conductors to a source of electric power 
whereby said tubes may be heated electrically and 
whereby the fluid to be heated will be directed 
from the inlet nozzle through the fluid passageway 
in Surface Contact with the inner and oute shells 
and into said inlet chamber, then through the 
tubes being heated in fioW therethrough, and into 
said heated fluid outlet compartment chamber 
and thereafter through the inner sleeve of the 
Outlet nozzle. 

4. Apparatus for heating air or other fluids 
COIn prising an outer elongated Shell, removable 
Cover members at opposite ends of said shell, 
means for Securing Said cover members in fluid 
tight relationship with the outer shell, an inner 
Shell Supported within and extending longitudi 
nally of the outer shell, the inner shell being so 
dimensioned and positioned within the outer shell 
as to define a fluid flow passageway around the 
inner Shell between the inner Surface of the outer 
shell and the outer surface of the inner shell, 
tube SupportS Spaced from one another and span 
ning in a fluid-tight manner the cross-sectional 
area of the inner shell and in spaced relationship 
With the opposite ends of the Cuter shell, one of 
the tube supports defining one side of a fluid inlet 
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chamber within the outer shell between one end 
of said outer shell and said one Support, the inlet. 
chamber being in communication with the fluid 
passageway, a partition Spanning the croSS 
sectional area of the inner shell intermediate the 
opposite end of the Outer shell and the other tube 
Support, thereby defining one end of a heated 
fiuid outlet compartment between Said other tube 
Support and the partition and a cool fluid Space 
between said opposite end of the outer shell and 
said partition, the cool fiuid space being in Con 
munication with said fluid flow passageway to 
receive fluid therefrom, a fluid inlet nozzle in 
communication. With the fuid flow passageWay 
adjacent said opposite-end, a fluid outlet nozzle in 
communication. With the outlet compartment at 
Said opposite end, tubes carried by Said Supports 
and extending in Spaced relationship with One 
another longitudinally through the inner shell 
With their opposite ends extending into the 
respective inlet and outlet chambers, electrical 
connections interconnecting all the tubes adja 
cent one end of the Outer shell to a connon con 
ductor, electrical connections interconnecting all 
the tubes adjacent the other end of Said shell to 
a Second common COinductor, neans at Said Oile 
end of the outer shell and extending into Said 
inlet chamber for Connecting the common con 
ductor at Said one end to a source of electric 
power, and means for connecting the common 
conductor at Said other end to the source, where 
by said tubes may be heated electrically and 
whereby the fluid to be heated Will be directed 
from the inlet nozzle through the fluid passage 
Way in Surface contact With the inner and outer 
Shells and into Said inlet, chamber, then through 
the tubes being heated in flow therethrough, and 
into said heated fluid outlet compartment cham 
ber and thereafter through the outlet nozzle. 

5. Apparatus for heating air or other fluids 
comprising a cylindrically shaped outer shell, 
removable cover members at opposite ends of said 
Shell, means for securing said cover members in 
fluid-tight relationship With the outer shell, a 
cylindrically shaped inner shell supported within 
and extending axially of the outer shell, the inner 
Shell being of a lesser diameter than and so posi 
tioned within the outer shell as to define a fluid 
foW passageway around the inner shell between 
the inner Surface of the outer shell and the outer 
Surface of the inner Shell, tube Supports spaced 
from One another and Spanning in a fluid-tight 
nanner the croSS-sectional area of the inner shell 
and in spaced relationship with the opposite ends 
of the Outer shell, one of the tube supports defin 
ing one side of a fluid inlet chamber within the 
Outer shell between one end of said outer shell 
and Said one Support, the inlet chamber being in 
communication with the fluid passageway, a 
partition Spanning the cross-sectional area of 
the inner shell intermediate the opposite end of 
the outer shell and the other tube support, there 
by defining One end of a heated fluid outlet Com 
partment between said other tube support and 
the partition and a cool fuid space between said 
opposite end of the outer Sheil and said parti 
tion, the cool fluid Space being in communication 
With Said fluid flow passageway to receive fluid 
therefron, a fluid inlet nozzle in communication 
With the fluid flow passageway adjacent said 
Opposite end, a fluid outlet nozzle in communica 
tion. With the outlet compartment at said opposite 
end, Said outlet nozzle comprising an inner sleeve 
So dimensioned and positioned within the nozzle 
as to define a flow path around said sleeve be-, 
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tween the outer periphery thereof and the nozzle, 
said sleeve being in communication at the inlet 
end thereof with the heated fluid compartment 
and at the outlet end with the nozzle outlet, the 
flow path being in communication at one end 
thereof with said fluid passageway to receive fluid 
therefrom and at the opposite end With said 
nozzle outlet, tubes carried by said Supports and 
eXtending in spaced relationship With One 
another longitudinally through the inner shell 
With their opposite ends extending into the 
respective inlet and outlet chambers, electrical 
Connections interconnecting all the tubes adja 
cent one end of the outer shell to a common con 
ductor, electrical connections interconnecting all 
the tubes adjacent the other end of Said shell to a 
Second common conductor, means at Said one end 
of the outer shell and extending into Said inlet 
chamber for connecting the common conductor 
at Said one eind to a source of electric pOWer, and 
means for connecting the common conductor at 
Said other eid to the Source, Whereby Said tubes 
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may be heated electrically and whereby the fluid 
to be heated will be directed from the inlet nozzle 
through the fluid passageWay in Surface contact 
With the inner and outer shells and into Said 
inlet chamber, then through the tubes being 
heated in flow therethrough, and into said heated 
fluid outlet compartment chamber and thereafter 
through the inner sleeve of the Outlet in Ozzie. 
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