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This invention relates to tubular heat exchange . 
apparatus of the kind comprising serpentine units. 
built up from lengths of tubing connected by re 

Whilst the invention is ... 
and screw devices extending through the return 
-bends, the clamp blocks at the respective ends of 

nowable return bends. 
- more particularly concerned with boiler econo 
inisers, heat eXchange apparatus embodying the 
invention may be employed for other purposes 

'. Slich, for example, as stills for treating oil. 

5 
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Where the fluid flowing through the units of 
the 'apparatus is of such a nature that fouling of 
the bores of the tubes is to be expected, it is es 
"Sential that provision be made for inspecting the 
-bores of the tubes and cleaning the same and also 
for the ready removal of a tube requiring to be 
removed, or to receive treatment which cannot be 
effected. With the tube in situ. For this reason 
economisers and other tubular heat exchange ap 
paratus have been constructed with removable 
return bends or equivalent fittings, enabling the 
constituent tube lengths of the serpentine units to : 
be disconnected from each other and removed, 
and in some cases the arrangements have been 
such as to permit inspection of the bores of the 
tubes. - -- The present invention has for its object to pro 

... which each serpentine element or unit shall be 
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- constituted by a plurality of tubes connected at 
opposite ends to return bends by readily break 
able joints, with the said bends forming, it may . 
be, walls of the passage or fluid path for the ex 
ternal fluid, the apparatus being such that indi 
vidual tubes of the element or unit may be in 
spected and/or cleaned in situ or be removed 
without removing any other tube of the element 
or unit. 

It is a further object of the invention to pro 
- vide a heat exchange apparatus of the kind with 
which the invention is concerned in which the 

0 individual tubes of each serpentine unit are con 
nected to their respective return bends by joints 
comprising clamp. blocks which, where the tubes 
are disposed horizontally or at a small inclina 
tion to the horizontal, constitute means for sup 
porting and spacing the tubes whilst being at the 
same time. Such as to permit ready removal of any 
individual tube without removal of the clamp 
block from its tube supporting position. 
The present invention consists, essentially in a 

Sergentine unit, or element for tubular heat ex 

lengths of tubing, connected by removable return 
bends, wherein, each element comprises a plu- i. ... constituted by a plurality of straight tubes con "...rality of straight tubes each end of each of which 

5 5 tubes is detachably connected to a return bend to 

which is also detachably connected another tube, 
the tube ends being connected to the respective 
return bends by slotted clamp blocks adapted to 
engage abutments on the tubes near their ends 

the group of tubes being juxtaposed with their 
edges in contact and determining the spacing of 
the tubes of the apparatus, and the slots in the 
assembled blocks, and it may be portions cut away 
from said blocks, permitting the abutments on 
the tubes to pass through the blocks and any tube 
to be withdrawn without disturbing any other 
tube or any clamp block. 
In the accompanying drawings: 

. Figs. 1 and 2 are front and back views of a 
, return bend for use in an embodiment of the in 
vention. 

Fig. 3 is a front view of a clamp block for use 
in association with a return bend according to 

a one embodiment of the invention. 
; Fig. 4 is a sectional view of an assembly of a 
return bend as shown in Figs. 1 and 2, two tube 
ends, and a clamp block as shown in Fig. 3, one 
of the studs of the clamp with its nut also ap 

vide an improved heat exchange apparatus in . pearing in the figure. Fig. 5 is a front view of an assembly of four 
return bends and clamps with two of the eight 
tubes to be connected to the return bends in po 
sition, parts of said boxes being broken away to 
illustrate clearly provisions, hereinafter described, 
which enable a tube to be withdrawn without 
disturbing the clamping blocks. 
; Fig. 6 is a side view of an assembly of tubes 

, joined by means shown in the preceding figures; 
the tubes, which may be considered as forming 
an economiser, usually would be of much greater 
length proportionately to the return bends and 
clamp blocks than those shown, Which have been 
reduced in length for convenience of illustra 
'tion, and some constructional details have been 
omitted, so that to some extent the figure must 
be considered as being diagrammatic only. 
, Fig. 7 is a plan of a portion of the tube as 
sembly shown in Fig. 6, and 
* Fig. 8 is a front view of an alternative form of 
clamp, block according to the invention. 
; Fig. 9 is a plan view illustrating an arrange 

- ment where several clamp blocks for tubes dis 
- posed in parallel rows are combined to form a 

change apparatus, such element being built up of . single.clamp. bar. 
... Referring to the drawings, each serpentine ele 
ment or unit of the heat exchange apparatus is 

* : nected at each end to return bends 2 by means of 
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2 
slotted clamp blocks 3 and studs 4 with nuts 5, 
the end portions of the tubes being shaped to 
have jointing contact with tube seats or jointing 
surfaces at apertures in the return bends 2, and 
the clamps 3 being constructed to permit the 
tubes to be removed without disturbing any 
clamp. The return bends are juxtaposed, as 
shown in Fig. 5, and preferably suitable packing 
material (not shown) is interposed between the 

0. 
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opposed edges or Surfaces of adjacent return 
bends to prevent leakage of the external fluid be 
tWeen Such surfaces. 
As the heat exchange apparatus according to 

this invention is more particularly intended for 
use as a boiler economiser, an embodiment of 
the invention has been selected for illustration 
Which is suitable for Such use and will now be 
fully described with reference to the drawings. 

In the selected embodiment of the invention, 
it may be a SSumed that the tubes. of the econo 
miser mainly are disposed horizontally across the 
gas passage but Some are at a relatively slight 

The economiser would 
comprise a Suitable number of serpentine units. 
incline to the horizontal. 

and each unit would in turn consist of an appro 
priate number of straight tubes connected in 
Series by return bends at opposite ends of the 
tubes. A complete unit is shown in Figs. 6 and 7, 
being made up of sixteen tubes, and at side of the 30 

3. 5 
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gas passage eight return bends with their asso 
ciated clamps. The number of tubes may be 
greater OrleSS as desired. Each return bend 2. 
consists of a rectangular block of Suitable thick 
ness adapted to be arranged on edge, to one of the 
vertical faces of which block two tubes are con 
nected. With its axis parallel to said vertical 
face of the block, a blind hole 6 is drilled in the 
block, its open end being plugged at 7, and two 
holes 8 are drilled from the jointing face of the 
block to break into the said blind hole 6. At each 
end of a tube a spherical jointing surface 9 is 
formed, and adjacent thereto an abutment f O, 

face, is provided on the tube . 
apertures in the junction boxes are coned as at 

50 
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around the Studs 4, permit fluid-tight joints to be . 

75 

having a Spherical or other Suitably shaped Sur 
The jointing 

lf to receive the spherical jointing surfaces 9 on 
the tube. For each junction box 2 a clamp block 
or dog 3 is provided. In the construction shown 
in Figs. 3, 4 and 5, each clamp block has slots 
f2 formed therein from opposite edges to provide 
U-shaped arms adapted to engage the abutments 
0 on two tubes. Two studs 4 are screwed at 3 

into each dog or clamp block 3 and extend with 
appropriate clearance through holes 4 in the 
respective return bend, nuts 5 with spherically 
seated washers 5 being provided on the outer 
ends of the studs 4 whereby the blocks are drawn 
towards the return bends 2 and hold the tube 
ends in joint making contact with the jointing 
Surfaces if of the return bends. 
Surfaces on the tube ends, abutments and 
washers 5, and the appropriately shaped seats 
for these partS, together With the clearance 

made and maintained between the tubes and 
the return bends 2 notwithstanding that the axes 
of the tubes are slightly inclined to the axial 
centre lines of the holes 8, and/or the plane of the 
block 3 is slightly inclined to the plane of the re 
Spective return bend 2. The clamp blocks or 
dogs 3 are juxtaposed and portions of each block 
contact with the adjacent blocks so that not only 
do the blocks determine the spacing of the tubes 
but the lower blocks support those above. Por 
tions are cut away at 6 from each block and the 

The Spherical 

2,225,760 
open mouths of the slots 2 are splayed at 7 so 
that there obtains between opposed tube slots 2 
of adjacent blocks 3, an enlarged slot or opening 
8, Fig. 5, of Sufficient width and length to permit 

the abutment O on a tube to pass therethrough 
when the appropriate return bends 2 have been 
removed and such tube has been moved out of 
its slot in the respective block into the opening 8. 

Alternatively, and as shown in Fig. 8, a single 
close-ended slot may be provided in each clamp 
block, the tubes normally being disposed at the 
opposite ends 20 of the slot, and the intermediate 
portion 80 of each slot being of Such width as to 
allow a tube when moved into said intermediate 
portion of a slot to be withdrawn therethrough. 
When it is desired to remove a tube, the appro 
priate nuts are removed from the studs of the re 
spective clamp blocks at each end of the tube and 
the corresponding return bends are removed. 
The tube is then moved into the Space 80 in its 
clamp block, when it is free to be withdrawn. 
he construction of block shown in Fig. 8 has 

the advantage that a tube can be removed by de 
taching and removing only two return bends, One 
at each end of the tube; with the construction of 
block showin in Fig. 3 to remove the first tube of 
a group four return bends must be removed at 
each end to expose the appropriate two spaces 
8. and permit the tube to be moved thereinto, 

after which adjacent return bends are renoved as 
required to expose the respective spaces 8 for 
the removal of the adjacent tubes. Blocks ac 
cording to Fig. 3, however, have an advantage as 
compared with those according to Fig. 8 in that 
they permit a closer pitching of the tubes. 

It will be appreciated that by removing the 
return bends the tubes can be inspected and 
cleaned internally in situ, and the jointing sur 
faces examined. For external cleaning or a more 
thorough examination the tubes would be with 
dra Wn. 

In order to prevent access of the combustion 
gases, in the case of a boiler economiser, to the 
joints of the tubes with the return bends, suit 
able protecting rings 19, Fig. 4, may be provided 
between the abutment. On a tube end and the 
Opposed Surface of the return bend, the rings 
being, for example, of copper and asbestos. Con 
veniently a single strip of asbestos-copper ma 
terial may be employed to provide the protective 
rings or sheaths of both tubes associated with a 
return bend, the parts of the strip being brought 
together between the tubes and Secured by a 
rivet or rivets. A ring or sheath of similar ma 
terial may be provided around each stud for 
protective purposes. With return bends con 
structed as shown in Figs. 1, 2 and 5, or Fig. 8, 
and arranged as shown in Fig. 6, the two tubes 
associated. With a return bend have their ends at 
different levels as shown, and the protective rings 
or sheaths of such pair of tubes may be formed 
as one unit, the unit so formed serving to hold 
the ends of the tubes in position in the clamp 
block, when the return bend has been removed. 
The invention is not confined to heat eXchange 

apparatus in which the tubes are arranged hori 
zontally or at a relatively small inclination to 
the horizontal and, if desired, it may be applied 
to apparatus in which the tubes are vertical. In 
this case, Suitable means Would be provided for 
supporting the tubes. For example, instead of 
the element or unit being provided at both its 
upper and lower sides with a plurality of clamp 
blocks, each appertaining to two tubes only, the 
lower clamp blocks may be retained, and there 
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be substituted for the upper clamp blocks a single 
clamp bar 23 as shown in Fig. 9 Supported at its 
ends and/or at points along its length, as by 
Suspension rods 24, in such a manner as to con 
stitute a support for the element, the bar being 
Slotted at intervals as required for engagement 
with the abutments on the tubes. Clamp bars 
of this form might be employed with elements 
whose tube runs are horizontal, but the clamp 
block arrangement previously described is con 
Sidered preferable With tubes So arranged. 

Whilst in the foregoing description Single tubes 
have been referred to, it is within the Scope of 
the invention to employ tubes which are bifur 
cated between the clamp blocks in Which case 
each bifurcated tube would preferably be con 
Structed with the union portion at One end 
aligned, or approximately aligned, with one leg 
of the tube, and the union portion at the other 
end aligned, or approximately aligned, with the 
other leg of the tube as described in Patent No. 
1924,900, in order to provide for ready inspec 
tion of the respective legs of the tube. The in 
vention is also applicable where the tube unit 
of an element is constituted by a group or bundle 
of three or more tube lengths united at each end 
into a single end portion or union, the cut a Way 
portions of the clamp blocks being such as to 
provide for the passage of the tube units in with 
drawing a unit from the apparatus. 
As will be understood, in a heat exchanger 

embodying the invention expansion of the tubes 
will take place, the amount of such expansion 
varying in the different tubes of a serpentine 
unit. In embodiments of the invention in which 
each clamp block is aSSOciated With tWO tubes 
only expansion of individual tubes can take place 
as each clamp block can move independently of 
neighbouring blocks, and where the tubes are 
disposed horizontally the slight sliding move 
ment, in a direction longitudinally of the tubes, 
of a block on the block immediately below, which 
takes place when differential expansion of the 
tubes occurs, can be facilitated by machining 
away a portion of the lower and/or upper edge 
Surface of each block between its ends as shown 
in dotted lines at 29, Figs. 3 and 8, to reduce 
the area of frictional contact between the blocks. 

I claim: 
1. A Serpentine unit or element for tubular 

heat exchange apparatus, such element being 
built up of lengths of tubing connected by re 
movable return bends, wherein each element 
comprises a plurality of straight tubes each end 
of each of which tubes is detachably connected 
to a return bend to which is also detachably 
connected another tube, the tube ends being con 
nected to the respective return bends by slotted 

clamp blocks adapted to engage abutments on 
the tubes near their ends and screw devices ex 
tending through the return bends, the clamp 
blocks at the respective ends of the group of 
tubes being juxtaposed with their edges in con 
tact and determining the spacing of the tubes 
of the apparatus, and the slots in the assembled 
blocks permitting the abutments on the tubes to 
paSS through the blocks and any tube to be with 
drawn without disturbing any other tube or any 
clamp block. 

2. A heat exchange element as claimed in 
claim 1, wherein each slot in each block extends 
to the edge of the block and has its mouth or 
entrance enlarged and opposes the mouth of a 
Slot in an adjacent block, portions of two other 
adjacent blocks being cut away to provide a 
Space whose dimensions permit an abutment on 
a tube after removal of the appropriate return 
bends, to pass through the space when the tube 
has been removed from its normal position in 
the Slot in a block into the said space, thereby 
permitting tubes to be removed without disturb 
ing the clamp blocks. 

3. A heat eXchange element as claimed in 
claim 1, wherein a single closed-ended slot is 
formed through a clamp block, the tubes nor 
mally lying at the opposite ends of the slot, and 
the intermediate region of each slot being en 
larged to permit an abutment on a tube when 
the appropriate return bends have been detached 
and removed and when the tube is moved into 
Such region, to pass through the block and the 
tube to be withdrawn from the apparatus 
through the block without disturbing any of the 
clamp blocks, 

4. A heat eXchange element as claimed in 
claim 1, having a plurality of clamp blocks at 
One Side or end of the element and in lieuthereof 
at the other side or end of the element a slotted 
bar engaging the abutments at such side or end 
of the element of all the tubes comprised therein, 
Said bar, where the tubes are disposed vertically, 
being Supported at appropriate points in its 
length and constituting a support for the tubes. 

5. A heat exchanger having elements as 
claimed in claim 1 with the element tubes dis 
posed horizontally or at a small inclination to 
the horizontal, wherein the clamp blocks of the 
exchanger are arranged on edge and superposed 
With the lower blocks supporting those above. 

6. A heat exchange element as claimed in 
claim 1 wherein to facilitate differential expan 
Sion of the tubes the lower and/or upper edge 
Surface of each block is machined away between 
its ends. 
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