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ABSTRACT 0F THE DISCLOSURE 
A heat exchanger or combustion air preheater unit of 

the tube bundle type wherein heat is transmitted through 
the tube walls from one ñuid or gas to another, wherein 
the loop-shaped tube elements constitute an L-shaped 
bundle in an L-shaped casing, the L-shape providing 
thermal stress compensation for the tube elements. 

This invention relates to heat exchangers wherein a 
shell or casing surrounds a tube bundle, and heat is trans 
ferred through the tube walls from one ñuid or gas to 
another passing separately and simultaneously through 
the shell and through the tubes respectively. 

In the example herein illustrating the invention, a flow 
of hot combustion gases passes through the shell so as 
to preheat the combustion air passing through the tubes. 
More particularly, the invention is embodied in a type 

of air preheater wherein a tube bundle comprises an as 
sembly of loop-shaped tube elements the ends of which 
are joined to a single tube plate so that the air inlet ends 
and the air outlet ends are arranged at respective opposite 
sides of a median plane. A header connected to the tube 
plate, divided along said median plane, provides the inlet 
and outlet connections for the air. Both the cold air inlet 
and the hot air outlet are thus located at the same end 
of the shell. v 
The invention is concerned With the problem of dif 

ferentials of heat expansion of the tube portions on op 
posite sides of the median planes, due to temperature dif 
ferentials between the incoming combustion gases of say 
1500“ F. and the incoming combustion air which may 
have only ambient temperature. l 
With a resulting air exit temperature of say 400° F. to 

500° F., the tube legs on the air outlet side of the median 
plane will be considerably hotter than the tube legs on 
the inlet side of that plane. The lresulting heat expansion 
differentials and stresses in the loop-shaped tube ele 
ments may result in damage and eventual failure of the 
terminal joints of the tubes. Also, lateral distortions or 
deflections may occur of the tube bundle with concurrent 
>strains not only on the tube, but also on the shell and the 
header, and their connections. 

This invention provides an improved shell and tube 
bundle type of heat exchanger wherein the above indicated 
thermal stresses are eliminated or compensated for at 
least to a degree where they are not objectionable and 
can be readily absorbed. , 
More in particular, this invention aims to eliminate 

destructive thermal stresses on ~ the pipe joints of the 
“hot legs” or exit ends of the tubes, since these joints 
in the tube plate are much more vulnerable at the higher 
temperatures than the joints at the inlet ends of the “cold 
legs” of the tube. 
To attain the foregoing objectives the invention pro 

vides a heat exchange unit wherein the arrangement and 
shape of the tube elements and of the surrounding shell 
are such that the thermal expansion or elongation of the 
“hot” and “cold” legs of the tube elements will occur sub 
stantially independent of, and unrestricted by, each other. 
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Yet, lateral bending stresses upon the hot legs are pre 
cluded for the protection of the pipe joints at the hot air 
exit ends of the tubes where the hot combustion gases 
enter the shell preferably for the sake of general thermal 
eli’iciency of the unit. 

Therefore, according to the invention, the shell of the 
heat exchanger is of generally L-shaped configuration 
comprising for example a horizontal leg and a Vertical 
depending leg. This shell encloses a correspondingly L 
shaped bundle of loop-shaped tube elements. The inlet 
ends and outlet ends of these tube elements terminate in 
a tube plate which closes the free end of the horizontal 
leg of the shell. A header connected to the tube plate 
provides the inlet and outlet connections for the tubes. 

Thus, a representative tube element has an L-shaped 
“cold leg” and an L-shaped “hot leg” substantially paral 
lel thereto, and a communicating cross-connection or U 
bend portion between the depending lower ends of the 
parallel L-shaped legs. 

For the purposes of this invention, the horizontal part 
of the “hot leg” is supported within the shell in such a 
manner as to permit thermal expansion thereof only in the 
longitudinal direction, while allowing for free expansion 
of the remaining part of the tube element. 
The great length of the tube element horizontally as 

well as vertically relative to the tube diameter will readily 
absorb the expansion or elongation dilferentials between 
the parallel “hot” and “cold” legs of the tube element. 
While this may involve slight deflections of the unsup 
ported tube portions, the stress effects upon the entire 
tube and the tube connections are negligible in view of 
the “floating” 'condition of the vertically depending por 

' tion of the tube elements. 
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In this Way, the vertical depending loop portion of the 
L-shaped tube element, in effect provides an expansion 
joint for temperature diñerentials between the “hot” and 
“cold” horizontal portions of the tube element. The de 
flectable horizontal “cold leg” portion, in turn, provides 
an expansion joint for the vertical depending loop portion 
of the tube element. 

According to one feature, the L-shaped shell or casing 
has a lateral L-shaped wall that is removable so as to 
provide for the mounting or inspection of the L-shaped 
tube assembly including the tube sheet connected to the 
“hot” and “cold” ends of the loop-shaped elements. 
Another feature lies in the provision of a casing which 

comprises a removable corner portion constituting the 
juncture of the horizontal and the vertical portion of the 
L-shaped shell, allowing for inspection. Preferably, each 
leg of this L-shape has an intermediate shell portion 
ñange-connected to the corner portion, as well as Hange 
connected to respective end portions. 

In a preferred embodiment, the header has a horizon 
tal partition defining an upper compartment which com 
municates with the “hot legs,” and a lower compartment 
communicating with the “cold legs” of the loop-shaped 
tube elements. This makes it possible to provide a tube 
bundle which comprises a plurality of assemblies of loop 
shaped tube elements nested into one another, and to 
have these assemblies extend in planes parallel to one 
another. 

Other features and advantages will hereinafter appear. 
As this invention may be embodied in several forms 

without departing from the spirit or essential characteris 
tics thereof, the present embodiment is therefore illustra 
tive and not restrictive, since the scope of the invention 
is defined by the appended claims rather than by the 
description preceding them, and all changes that fall with 
in the metes and bounds of the claims, or of forms that 
are their functional as well as conjointly cooperative 
equivalents, are therefore intended to be embraced by 
those claims. 
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FIG. l is a vertical semi-diagrammatic view of a com 
bustion system wherein the air preheater unit is posi 
tioned in the manner of an inverted L. 
FIG. 2 is an enlarged and more detailed side view of 

the air preheater unit of FIG. 1, showing one embodiment 
of the L-shaped bundle of tube elements in a casing having 
a removable wall portion. 

FIG. 3 is a plan view of the air preheater unit of FIG. 
2, with top wall portions of the casing broken away. 
FIG. 4 is an exploded view of the preheater unit of 

FIG. 3, illustrating a manner of assembly of the unit. 
FIG. 5 is a fragmentary view of the corner portion of 

the preheater unit, illustrating the removal of the corner 
portion of the casing. 

FIG. 6 is a detail cross-sectional view taken on line 
6_6 in FIG. 5, showing the arrangement of sub-assem 
blies of tube elements in the tube bundle, and spacer 
means for the sub-assemblies. 

FIG. 7 is a detail cross-sectional view taken on line 
7_7 in FIG. 5, showing support and guide means for 
the tube elements. 
FIG. 8 is a fragmentary view of the depending terminal 

loop portion of the tube elements, including spacer means 
therefor. 
FIG. 9 is a diagrammatic illustration of the manner in 

which thermal expansion differentials are compensated 
for in the loop-shaped tube elements of the preheater unit 
of this invention. 

FIG. l0 is a side elevation of a modified form of the 
tube bundle of FIGS. 1 to 8. 
FIG. 11 is a top view taken on line 11-11 of FIG. 10. 
FIG. l2 is an end view taken on line 12-12 of FIG. 10. 
FIG. 13 shows some of the tube elements of FIGS. 10 

to 12 in perspective view with thermal expansion thereof 
indicated in dot-and-dash. 
FIGS. 14, l5, 16 show other arrangements and modi 

fications of the air preheater of FIGS. 1 to `8. 
FIGS. 17 and 18 show a modified tube header for the 

air preheater of FIGS. 1 to 8. 
FIGS. 19 and 20 show other forms of the air preheater. 
By way of example (see FIG. l), the heat exchange 

unit 10 of this invention is herein shown to be employed 
as a preheater for the combustion air in a combustion 
system which may comprise a vertical combustion unit 
11, a blower 12 supplying the combustion air, and a 
scrubber 13 for purging the combustion gases of entrained 
solids such as ñy ash or the like. ' 
The combustion unit in this example is of a well known 

type that operates on the principle of fluidization. That 
is to say, a constriction plate 14 divides the unit into a 
combustion chamber 15 above, and a windbox 16 below. 
Material to be burned, for instance dewatered sewage 
sludge or the like is supplied at 17 into a fluidized bed B 
of sand. After a start-up period with the burner R pro 
viding hot ñuidizing gas, the combustion of the material 
in the red hot sand bed may become substantially self 
sustaining, with the combustion air from blower 12 pro 
viding the bulk of the fluidizing gas. A small amount of 
supplemental fuel may be added depending upon the de 
gree of moisture in the material to be burned. 
Due to the wind pressure from blower 12 maintained in 

the system, the combustion gases from neck 18 of the 
combustion unit are forced through the horizontal leg 19 
of the air preheater, and then down through the depend 
ing leg 20 and then via duct 21 through the scrubber 13 
whence the purged or scrubbed gases may escape through 
stack 22. 
The combustion gases in passing through the L-shaped 

shell or casing of the air preheater surround the l-shaped 
bundle of loop-shaped tube elements indicated at 23, thus 
heating the combusion air forced through these tube ele 
ments by the blower 12. 

That is to say, the blower through rising duct 24 
forces air into the lower chamber 25 of a header 26, and 
through the loop-shaped tube elements into the upper 
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4 
chamber 27 of the header, and then through a duct 28 
downwardly into the windbox 16. 
The loop-shaped tube elements comprise a pair of L 

shaped legs 29 and 30 herein termed the “cold leg” 
and the “ho-t leg” respectively, extending in a common 
vertical plane. As indicated at 31 the “hot leg” 30 is sup 
ported in such a manner as to allow for its horizontal 
axially directed thermal elongation, while preventing de 
flection or angular deformation. At the same time, the 
cold leg 29 as Well as the Shanks 32 and 32a of the de 
pending loop portion 33, are left free to expand, as well 
as to deflect to the extent necessary to accommodate the 
relative thermal elongations of both the horizontal and the 
vertical depending portions of the tube element. Any po 
tential thermal stresses in the tubes thus become self 
compensating, inasmuch as the depending loop portion 
absorbs elongation differentials of the horizontal “hot” 
and “col ” leg portions, while bending stresses or deflec 
tion of the “hot leg” is avoided, thereby protecting a 
potentially vulnerable connection of the hot leg with the 
tube plate P, all as will be furthermore explained. 

Referring to FIGS. 2 to 8 there follows a detailed de 
scription of one form of the heat exchange unit or air 
preheater of this invention: 
The air preheater unit arranged in the manner of an 

inverted L comprises an L-shaped bundle 34 of tube 
elements enclosed by a correspondingly L-shaped casing 
35 provided with refractory lining K backed by a suitable 
layer of insulating material I. The casing comprises a hori 
zontal section H and a vertical depending section V, both 
connected to a corner section C as by flange connections 
35 and 36. The horizontal section H in turn comprises 
sub-sections H-l and H-Z having a flange connection 
37 with one another, while the vertical section V comprises 
sub-sections V-l and V-2 with flange connection 38 be 
tween them. 
The casing is of rectangular cross-sectional conñgura 

tion, and thus may also be defined as comprising a pair 
of L-shaped vertical side walls 39 and 40 interconnected 
by a horizontal rectangular outer wall 41, a horizontal in 
ner rectangular wall 42, a vertical rectangular outer wall 
43, and an inner vertical wall 44, and further an inner 
corner wall portion 45. The L-shaped side wall 40 is 
detachable from the L-shaped body 46 of the casing, in 
order that the L-shaped tube bundle may be inserted side 
ways into casing as illustrated in the exploded view of 
FIG. 3. A tube plate T closes the open end of the hori 
zontal section of the casing by way of flange and bolt con 
nection F. - 

The horizontal section of the casing has a downwardly 
directed hot gas inlet neck 47 connected to the top end 
of the combustion chamber, and a lateral spent gas out 
let neck 48 at the lower end of the vertical depending 
section connected to the scrubber 13. 
The vertical depending part of the tube bundle termi 

nates a distance d above the bottom 49 of the casing, so 
’as to provide a dust collecting pocket 50 accessible 
through a manhole 51. 
The L-shaped tube bundle connected to the tube plate 

T comprises a plurality of assemblies 52 of loop-shaped 
tube elements 53, 54, 55 nested one into the other in a 
common vertical plane. 
Each tube element comprises a pair of L-shaped legs 

communicating with one another at the lower depending 
end, and having an inlet end 57 for the incoming cold 
air and an outlet end 58 for the heated air. 

Connected to the outer face of the tube plate is a box 
or header 59 having a horizontal partition 60 defining a 
lower chamber -61 communicating through tube plate T 
With the cold air inlet ends of the tube elements, and an 
upper chamber 62 communicating with the hot air outlet 
ends of the tube elements. The lower chamber 61 through 
connection 63 receives cold air from the blower, while 
heated air passes from the upper chamber 62 through a 
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connection 64 to the windbox 16 of the combustion cham 
ber. 

While both the cold air inlet ends and the hot air out 
let ends of the tube elements are located in the zone of 
entry of the hot combustion gases into the casing, the 
upper hot air outlet legs of the tube elements will assume 
substantially higher temperatures than the lower cold air 
intake legs, thus rendering them what is herein termed 
the "hot leg” and the “cold leg” respectively. 

Since the tube joints of the “hot legs” are more vulner 
able than those of the “cold legs,” provision is made to 
support or maintain the horizontal portions of the “hot 
legs” in such a manner as to prevent lateral deflection 
thereof, while leaving them unrestricted as to thermal 
elongation. Accordingly, there are provided horizontal 
transverse support bars ̀ 65 one for each bank of horizontal 
end Portions ofthe “hot legs.” As seenin FIG. 7, the ends 
of each bar are supported upon small brackets `66 or the 
like provided upon the inner faces of the vertical side 
walls of the casing. 

Proper spacing of the vertical assemblies of tube ele 
ments is insured by the provision of inverted U-shaped 
spacer elements 67 applied to the tubes as indicated in 
FIG. 8. One set S-1 (see FIGS 2 and 4) of such spacer 
elements is located Within the corner portion of the cas~ 
ing, another set S-2 is applied to the depending terminal 
portion of the tube elements (see FIG. 6). 
¿Prom FIG. 5 it will be seen that the body portion 68' of 

the corner section of the casing is removable by separat 
ing respective flange connection, while leaving the corner 
wall portion 45 in place. While thus exposing the corner 
portion of the tube bundle and providing access to the 
support bars 65, the removal of casing corner part 68 
also allows for inspection and cleaning of the horizontal 
as well as the vertical portions of the tube bundle. 

However, for periodical cleaning of the tube elements, 
soot blowers 68a may be provided, for instance in the 
form of horizontal transversely extending blower tubes 
or the like. 

Transverse spacer bars 69 are provided between banks 
of vertical tube portions (see FIG. 6), in order to allow 
the depending portion of the tube bundle to be tcnsioned 
against the adjacent inner vertical Wall 44 of the casing 
when the horizontal tube portions are in a cold or con 
tracted state. Thus, when -upon heating in the operation 
of the unit, the horizontal tube portions expand, the de 
pending portion of the tube bundle will become unten 
sioned an-d assume a desired median position in the de 
pending section of the casing. 

FIG. 9 diagrammatically illustrates the manner in which 
thermal stress compensation for the loop-shaped tube 
elements is achieved by this invention. The cold or in 
operative condition of the tube element 70 according to 
the invention is indicated in full lines, while the dot~and 
dash outline indicates thermal elongation changes of the 
element when in operation. 

Incoming cold air from chamber 71 of header 72 passes 
through the L-shaped “cold leg” 73 of the tube element 
concurrent with the ñow of the combustion gases through 
the L-shaped casing 74 from inlet 75 to outlet 76 thereof. 
The air then passes through bend 77 into the L-shaped 
“hot leg” 78 countercurrent to the how direction of the 
combustion gases, into chamber 79 of the header for de 
livery to the combustion unit. _ 
The horizontal exit portion P-1 of the “hot leg” 78 is 

supported and guided at 80 in such a manner as to pre 
vent any lateral deñection, While allowing for axially di 
rected thermal elongation as indicated by the length dif 
ferential t-1. Such guidance avoids any objectionable 
bending stress on the tube plate joint 81 at the hot end of 
the tube element. 

Concurrently there is some thermal elongation t-2 of 
the horizontal portion P42 of the “cold leg” 73, of a 
lesser extent than elongation t41 of horizontal “hot leg” 
portion P-1. This dilîerential, however, is absorbed by the 

20 

25 

30 

35 

40 

45 

50 

60 

75 

6 
considerable length of the vertical depending loop portion 
P-S of the tube element, which loop portion then in ef 
fect acts an expansion joint. 
The vertical depending loop portion, in turn, is subject 

to thermal elongation as indicated by the length differen 
tial t-3. That is to say, the vertical shank Q-l of the loop 
elongates downwardly, while shank Q-2 elongates up 
wardly. Any resultant differential in the elongation of 
these two vertical Shanks, however, is absorbed by the 
considerable length of the horizontal cold leg portion ~ 
P-Z, as indicated by a deilection t-4 thereof. While the 
amount of this deflection depends upon operating tem 
perature conditions, it will impose no objectionable stress 
-npon the tube plate joint 82 which is subject to much 
lower temperatures than hot tube joint 81. 
The modified form of the tube bundle in FIGS. 10 to 

13 is such as to accommodate a vertical partition 83 in 
tube header 8'4, in differentiation from the horizontal par« 
tition 60 in the tube header of FIG. 2. Accordingly, a 
representative tube element 84a (see FIG. 13) comprises 
a pair of L-shaped legs 85 and 86 extending in vertical 
planes parallel to one another, conncted to a tube plate 
87a at opposite sides of partition 83, and a transverse in 
termediate tube portion 87 interconnecting the lower ends 
of the L-shaped legs. Supporting and guide means for the 
horizontal portion of the L-shaped legs are indicated at 
88. The dot-and~dash lines in FIG. 13 indicate potential 
thermal expansion of the tube element. 

' The arrangement of the preheater in FIG. 14 differs 
from FIG. 2 only in that the vertical leg of the unit is 
pointing upwardly. 

In FIG. 15 the L-shaped air preheater unit is connected 
to an outlet albow 89 of the combustion chamber, so that 
horizontal part of the FIG. 2 unit is now vertically ar 
ranged pointing upwardly from the top end of the com 
bustion chamber. 

In FIG. 16 the air preheater unit is of generally Z-shaped 
configuration, but otherwise similar in arrangement and 
function to FIG. 2. 

In FIGS. 14 to 16 the tube bundle is indicated by a 
single tube element in dotted lines. 

FIGS. 17 and 18, the tube header box 59 of the air 
preheater unit in FIG. 2 has been replaced by individual 
tubular headers 90 and 91 providing the air inlet and air 
outlet chambers for the tube elements 93 which have ex 
tensions 94 extending outwardly beyond the tube plate 
95 to which the tube elements are connected. 

In the embodiment of FIG. 19, the casing of the air 
preheater unit has a U-shaped intermediate section 96, 
and end sections 97 and 98 extending from the ends of the 
U-shape in opposite direction and in a common vertical 
plane with the intermediate section. Within this casing 
from end to end thereof and conforming to the shape of 
the casing extends a tube bundle here indicated only by a 
single tube element 100 in dotted lines. 
The upper ends of the tube elements are connected to 

'a tube plate 101 closing the upper end of the casing, and 
having in turn connected thereto a header :box or air 
outlet chamber 102 communicating with the upper ends 
of the tubes. 
The lower ends of the tube elements are connected to 

a tube plate 103 closing the lower end of the casing, and 
having in turn connected thereto a header box or air out 
.let chamber 104 communicating with the lower ends of 
the tubes. The upper end of the casing has a lateral hot 
gas inlet neck 104. The lower end of the casing has a 
lateral spent gas outlet neck 105. 

Support means 106 are shown at the upper end of the 
unit, while lower end is guided or secured at 107 against 
lateral displacement. An adjustable guy rod or suspen 
sion member 108 interconnects the end portions of the 
U-shaped section of the unit, as a weight transmitting 
element. Adjustment means for this element may com~ 
prise a plain turnbuckle 109 or a turnbuckle device 110 
including a compression spring 111. 
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The embodiment of the air preheater unit in FIG. 20 
is similar in principle to the one in FIG. 19 just de 
scribed, dilîering therefrom only substantially in respect 
to the fact that the depending U-shaped intermediate sec 
tion 112 has horizontal parallel end sections 113 and 
114 pointing in the same direction. 
Both embodiments, FIGS. 19 and 20, provide the op 

portunity for true countercurrent operation, in that hot 
gas inlet and hot air outlet may be located at one end, 
and spent gas outlet and cool air inlet may be located at 
the other end of the unit. 

Support and guide means for the tubes are indicated 
in FIG. 14 at 115, in FIG. 15 at 116 and 117, in FIG. 16 
at 118 and 119, in FIG. 19 at 120, and in FIG. 20 at 121. 

Following is an example of thermal expansion (see 
FIG. 9) of one of the tube elements in operation. 

(A) Approximate dimensions of tube element: 
P-1 _______________________________ __ft__ 17 
Q-1 _______________________________ __ft__ 14 
R ________________________________ __inches__ 9 
Q_; _ ____ __tt-- 13 

P__2 _ _____ft__ 16 

(B) Operating temperatures: ° F. 
Gas inlet ____________________________ __ 1500 

Gas outlet ___________________________ __ 1040 

Air inlet _ _ ___ __ 140 

Air outlet _ 1000 

(C) Thermal expansions: Inches 
t-1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 2.3 

f2 __ 1.4 

t-3 ___-- __ 1.5 

t-4 ___________________________________ __ 03 

We claim: 
1. A heat exchange unit which unit comprises 
a plurality of loop-shaped tube elements each of which 

comprises a pair of L-shaped legs substantially paral 
lel to one another and communicating with one an 
other at one end, and having an open inlet end and 
a open outlet end, said tube elements being as 
sembled so as to constitute an L-shaped bundle of 
such tube elements with all the open ends thereof 
located adjacent one another, 

a tube plate connected to all said open ends of the tube 
elements with said open inlet ends occupying one 
portion of the plate, and said open outlet ends oc 
cupying the complementary portion of said plate, 

header means comprising an inlet chamber corn 
municating with said inlet openings and having an 
inlet for the incoming cold ñuid, and an outlet 
chamber communicating with said outlet openings, 
and having an outlet for the heated fluid, 

a casing surrounding said bundle of tube elements, sub 
stantially conforming to the L-‘shape thereof, with 
one end of the casing closed by said plate, and hav 
ing an inlet for the incoming hot fluid at one end, 
and an outlet for the spent hot ñuid at the other 
end, and 

support means in the casing for securing the outlet 
end portions of the tube elements against lateral 
deflection, while allowing for their longitudinal 
thermal elongation. 

2. The heat exchange unit according to claim 1, where 
in both legs of the L-shaped casing are of rectangular 
>cross-sectional configuration, and wherein one L-shaped 
side wall of the casing is detachable. 

3. The heat exchange unit according to claim 1, where 
in both legs of the L-shaped casing are of rectangular 
configuration, wherein one L-shaped side wall of the 
casing is detachable, and wherein said bundle of tube ele 
ments together with the tube -plate is detachable from 
the casing. 

4. The heat exchange unit according to claim 1, Where 
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8 
in the casing has L-shaped side walls and rectangular 
walls interconnecting the side walls, wherein said header 
means has a partition extending parallel to the adjacent 
interconnecting walls, and wherein said tube bundle com 
prises a plurality of assemblies of said tube elements, 
each assembly in turn comprising a plurality of said tube 
elements nested into one another in a plane parallel to 
the L-shaped side walls of the casing. 

5. The heat exchange unit according to claim 1, where 
in the corner portion of said casing is detachable, and 
wherein said support means are located adjacent to said 
corner portion. 
’ 6. The heat exchange unit according to claim 1, where 
1n the casing is provided internally with a layer of heat 
insulation. 

7. The heat exchange unit according to claim 1, wherein 
the casing is provided internally with a layer of refractory 
material. 

8. The heat exchange unit according to claim 1, wherein 
said casing has L-shaped side walls and rectangular trans 
verse walls interconnecting the side walls, wherein said 
header means has a partition extending parallel to said 
side walls, and wherein said tube bundle comprises a 
plurality of assemblies of said tube elements, each as 
sembly comprising a plurality of tube elements nested into 
one another, so that the inlet and outlet end portions of 
the tube elements of each such assembly are located in 
respective planes parallel to the adjacent inner and outer 
interconnecting rectangular transverse wall portions of 
the casing, and the loop-shaped end portions of each 
such assembly are located in respective planes parallel to 
the adjacent inner and outer interconnecting rectangular 
transverse wall portions of the casing. 

9. A combustion system which comprises a combustion 
unit with combustion gas outlet at the top, an L-shaped 
gas conduit having a horizontal leg and a depending leg, 
said horizontal leg having a lateral connection with said 
gas outlet, said depending leg having a spent gas discharge 
at the lower end, a tube plate closing the ̀ free end of said 
horizontal leg, 

a loop-shaped tube element comprising a pair of L 
shaped legs substantially parallel to one another 
and communicating with one another at one end, and 
having an open inlet end and an open outlet end, 
and constituting an L-shaped loop located within 
and coextensive with the L-shape of said gas conduit 
said open inlet and outlet ends of the loop being con 
nected to said tube plate, 

header means comprising an inlet chamber communi 
cating with said inlet end of the loop and provided 
with an inlet for cool air, and an outlet chamber 
communicating with said outlet end of the loop, and 
provided with an outlet for heated air, and 

support means in said gas conduit for securing the 
outlet end portion of said tube against lateral dellec 
tion, while allowing for its longitudinal thermal 
elongation. 

10. The combustion system according to claim 9, with 
the addition of a -gas scrubber connected to said lower 
end of the gas conduit so that dust particles in the gas 
are swept through said depending leg of the gas conduit 
downwardly into said scrubber. 

11. The heat exchange unit according to claim 1, where 
in said header means comprise a casing connected to the 
tube plate, enclosing all said open ends, and having a 
partition deñning said inlet- and outlet chambers. 

12. A combustion system which comprises a combus 
tion unit with combustion gas outlet at the top, an L 
shaped gas conduit having at one end of the L-shape a 
lateral connection with said gas outlet, with a spent gas 
discharge outlet at the other end, and having a tube plate 
closing said one end, a loop-shaped tube element corn 
prising a pair of L-shaped legs substantially parallel to 
one another and communicating with one another at one 
6nd, and having an Open inlet end and an open outlet 
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end, and constituting an L-shaped loop located within 
and coextensive with the L-shape of said gas conduit, said 
open inlet and outlet ends of the loop being connected to 
said tube plate, 

header means comprising an inlet chamber communi 
cating with said inlet end of the loop and provided 
with an inlet for cool air, and an outlet chamber 
comunicating with said outlet end of the loop, and 
provided with an outlet for heated air, and 

support means in the gas conduit for securing the out 
let end portion of said tube element against lateral 
deflection, while allowing for its longitudinal thermal 
elongation. 

13. A heat exchange unit which comprises an open 
ended tube element having an intermediate loop-shaped 
portion of substantially U-shaped formation, and straight 
end portions extending laterally from the respective ends 
of the U-shape and substantially in the plane of said U 
shape, 

a casing surrounding said tube element substantially 
coextensive therewith, and having a tube plate clos 
ing each end and connected to respective ends of the 
tube element, said casing providing a gas conduit 
surrounding said tube element, and having a hot gas 
inlet adjacent to one end, and a spent gas outlet ad 
jacent to the other end, 

header means comprising an inlet chamber communi 
cating with one end of said tube element, and having 
an inlet for cool air, and an outlet chamber com 
municating with the other end of said tube element, 
and having an outlet for the heated air, and 

support means in said casing for securing the outlet 
end portion of said tube element against lateral de 
flection, while allowing for its longitudinal expansion 
to be absorbed by said intermediate loop-shaped por 
tion of the tube element. 

14. The heat exchange unit according to claim 13, 
wherein said end portions of the tube element extend 
from said U-shaped intermediate portion in directions 
opposite to one another, 

15. The heat exchange unit according to claim 13, 
wherein said end portions of the tube element extend 
codirectionally from said U-shaped portion. 

16. The heat exchange unit according to claim 13, 
wherein said gas inlet and outlet are arranged so as to 
provide countercurrent ñow of the air through said tube 
element and of the gas through said casing, relative to one 
another. 

17. The heat exchange unit according to claim 13, 
with the addition of a tie element interconnecting the 
outer end portions of the Shanks of the U-shaped for 
mation. 

18. The heat exchange unit according to claim 13, 
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wherein said tie element is longitudinaly resiliently yield 
able. 

19. A heat exchange unit for preheating combustion 
air by combustion gases, which comprises a plurality of 
loop-shaped tube elements each of which comprises a 
pair of L-shaped legs substantially parallel to one another 
in a single plane and communicating with one another at 
one end, and having an open inlet end and an open outlet 
end, said tube elements extending in parallel planes and 
laterally in substantial registry with one another, and con 
stituting an L-shaped bundle of such tube elements with 
all the open ends thereof located adjacent to one another, 

tube plate means connected to all said open ends of 
the tube elements with said open inlet ends occupying' 
one portion of the plate, and said open outlet ends 
occupying the complementary portion of said plate, 
header means comprising an inlet chamber communi 
cating with said inlet openings and having an inlet 
for incoming cold air, and an outlet chamber com 
municating with said outlet openings, and having an 
outlet for the heated air, 

a casing structure enclosing said bundle of tube ele 
ments substantially conforming to the L-shape of 
said bundle of tube elements, said casing structure 
having a closed end adjacent to said communicating 
ends of the tube elements, and having its opposite 
end closed by said tube plate, said casing structure 
having a lateral gas inlet adjacent to the outlet ends 
of said tube elements, and having a lateral spent gas 
outlet located adjacent to the inlet ends of said tube 
elements, said casing structure being so constructed 
and arranged relative to said enclosed bundle of tube 
elements that the combustion gas passes from said 
lateral gas inlet to said lateral gas outlet of the con 
duit along a path along and counter current to the 
path of air passing through said tube elements from 
the air inlet chamber to the air outlet chamber of 
said header means. 
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