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ABSTRACT: A heat exchanger comprising helically wound 
tubes mounted upon a support structure comprising striplike 
support members apertured and slottedl at intervals along their 
length, and attachment members which are mounted upon the 
support members by entering arms on the attachment mem 
bers through the slots and sliding the former to a desired posi 
tion on the support member. The attachment members have 
supporting surfaces .for receiving the tubes and a boss which 
?ts into an aperture into‘an adjacent support member. 
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‘ HEAT'ExcrIANGERs 

BACKGROUND To THE INvENIIoN 
This invention relates toheat exchangers and has particular 

although not exclusive reference to heat exchangers of the 
helical type, that is, to heat exchangers in which one of the 
heat transfer media is contained within ‘one or more helically 
wound tubes. Where two or'more helically wound tubes are 
used they are arranged in two or more coextensive layers. 
Although heat exchangers comprising helically wound 

plain, small-bore tubes have ‘a high heat. transfer capacity per 
I unit volume, such heat exchangers have found only limited ap 

plication because the‘ cost of assembly is prohibitively high. 
The tubes must be supported to. maintain them in a required, 
.?xed relationship and it is known to use a support assembly 
comprising three support platesdisposed radially with respect 
‘to the axis of the helically wound tubes. Each plate has a 
matrix of holes drilled in it at spaces corresponding to the 
helix lead and to thelateralzspacing of adjacent helices. The 
radially innermost tube helix‘i‘s ?tted by rotating it axially and 
feeding its leading end in succession through the correspond 
ing holes in the three support; plates. A weld or some other 
mechanical lock is formed, at each. hole, between tube and 
plate, and vthe process is repeated for each tube helix until the 
entire heat exchanger has‘ been built up. Such a method is 

' clearly extremely time-consumingand therefore costly. 
Similar problems arise in heat exchangers whose tubes are 

in other con?gurations, than‘ helical although sometimes in a 
less acute form. . w ‘ I v e 

,I It is an object of the present invention to provide a construc 
tion of heat‘ exchanger which is easier and cheaper to assemble 
than the construction just described. 

‘SUMMARY OF THE INVENTION 
A‘ heat exchanger according to the invention comprises a 

plurality of tubes, a plurality of ‘support members arranged 
substantially transversely of the tubes and. a plurality of at 
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tachment members securing the tubes to the support mem- 40 
bers, the tubes being arranged in parallel layers with support 
members between adjacent layers, and the attachment mem_ . 
bers of one layer of tubes beingused to carry the support . 
members of the next adjacent layer of tubes. 

The‘ attachment members , may comprise clips adapted to 
I secure one, two or more adjacent tubes to the support. 

The heat exchanger may ‘comprise a plurality of tubes, a 
plurality of support members, arranged substantially transver~ 
sely of the tubes and a plurality of attachment members secur 
ing the tubes to the support members. In one example of the 
invention the tubes are provided substantially in the form of 
helices. ' - , - 

The terrir “helix” is not used in a strictly mathematical sense 
' but is intended to cover any generally helical con?guration 
whether of circular transverse cross section or square, rectan 
gular, elliptical or other ‘shape. Moreover, a tube of helical 
form may be deliberately distorted in different directions at 
successive points of support along’ its length, in order to in 
duce position retaining stressing atthe support points in order 
to derive a position retention force; such systems are 
described in greater'detail in copending application 37398168. 

The attachment membersmay consist of clips having one or 
w more curved parts which engage the‘tube and a base part 
which is secured to the support member. The clip may be. of 
integral construction or the curved part or parts may be 
separate from the base part. . . ‘ 

The or each curved‘partma‘y be resilient. 
Preferably, each clip is so formed that it has a surface for 

receiving a support memberof the next adjacent group.‘ For 

45 
' sembly, 

_ . " FIGS. 10, 11 and 12 are front, 
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example the support members may be strips apertured at regu- _ 
lar intervals in which case the’ clips may have bosses, a support. 
member being mounted upén adjacent clips by entering the 
bosses on the latter into the holes in the strip. 
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The tubes may contain ?ssile material in which case the 
heat exchanger becomes a fuel element which may be helical. 
In this case heat is exchanged between the ?ssile material and 
coolant circulated past the tubes. ‘ , 

One method of assembling a heat exchanger embodying the 
invention comprises the steps of temporarily positioning a ?rst 
group of support members‘, entering a ?rst substantially heli 
cally wound tube over the ?rst group, securing the ?rst helix 
to the support members of the ?rst group, positioning a 
second group of support members round and spaced from the 

' first tube, entering a second substantially helically wound tube 
over the second group, and securing the second tube to the 
support members of the ‘second group. 

According to this‘method’the heat‘ exchanger is built out 
wards by starting at an innermost point, adding intermediate 
tubes and ?xing the outermost tubcfllast of all. . 

Alternatively, construction may ‘proceed in an inward 
direction. The ?rst tube to be positioned would thus be the ou 
termost one. ‘This method comprises the steps of temporarily 
positioning a ?rst group of support members, entering a ?rst 
substantially helically wound tube into the ?rst group, secur 
ing the ?rst tube to the support members of the ?rst group, en 
tering a second group of support'members into the ?rst helix, 
entering a second substantially helically wound tube into the 
second group of support ‘members, and securing the second 
tube to the support members of the second group. 7 

If a helixjntermediate between the inner and outer helixes is 
chosen as the starting point, construction may be carried out 
by the use of both methods concurrently or sequentially. It 
should be noted that the ‘choice of construction method is not 
necessarily related to the type of attachmentu'sed for ?xing 
the tube to the support strip. ' ‘ ~ ‘ 

' BRIEFnEscRIPTIoN'oETIIE DRAWINGS 
FIG. 1 is an end view of a ?rst embodiment in'diagrammatic 

form only, ‘ ' ‘ _ a ‘ 7 

FIG. 2 is a section on the line'II-III of FIG. 1, 
FIGS. 3 and 4 are front and side views respectively of part of 

a support member, ‘ . . 

FIG. 5 is a section on the line V-V of FIG. 3, 
FIGS. 6, 7 and 8 are top, side and front views respectively of 

an attachment member, ' ‘- ' 
FIG. 9 is a side view of part of the: ?rst embodiment after as 

plan and side views respec 
tively of part of another-form of attachment member, 

FIGS. 13, 14 are side and front views respectively of 
another part of the other form of attachment member, and 

FIG. 15 is a side view of part of the second embodiment 
after assembly. ' 1 ‘ ' 

DESCRIFI‘ION OF THE PREFERRED EMBODIMENTS 

FIGS. 1 and 2 show an assembled heat exchanger in dia 
grammatic form only. The heat exchanger comprises an outer 
cylindrical shell 1 and an inner cylindrical shell 2 intercon 
nected at their ends by three radial beams 3. The annulus 
de?ned by the shells l, 2 contains a_ plurality of coaxial heli‘ 
cally wound tubes 4 each of which‘is supported by a group of 
support members each comprising an elongated strip 5 
suspended from the uppermost beams 3. Each tube is attached 
to the support member of its supporting group by attachment 
means not shown in FIGS. 1 and 2.‘ , 

It should be noted that the various helically wound tubes 
may or may not be interconnected, that they may be of differ 
ing lead, that is, helix angle, although the pitches are 
preferably the same, and they may or may not extend the full 
length of the boilers. It is not necessary‘ that the helices should 
all be wound in the same direction.’ I ‘ 

Referring ?rst to FIGS. 3', 4 and 5, each elongated support 
member comprises along stainless steel strip 6 having holes 7 
drilled through it at regularly-spaced intervals. In section the 
strip is stepped along each long side ‘as at 8 in FIG. 5 and the 
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long sides are slotted at regularly-spaced intervals as indicated 
at 9. ~ 
_The attachment members to be used with the support 
member just described are each clips of the form shown in 
FIGS. 6, 7 and 8: Each clip which is made from the material 

' known as Nimonic 80A has curved tube grips 10 which extend 
from a central part 1 l which is slotted as at 12, theends of the 
part being intume'd as at 13. The face of the clip is stepped as 
at 14 and has a central boss 15 beveled at 16 whose height is 
just slightly less than the maximum thickness of strip 6. 
To assemble the heat exchanger, the innermost helically 

wound tube is dealt with first. Three strips 6 are to be used to 
, support the helix and these strips are held temporarily in the 
positions they will occupy on completion of the entire as 
sembly. The helix is'then slid down over the three strips and 
temporarily supported in position. Tube support clips are then 
engaged with the helix by springing the grips 10 over adjacent 
turns of the helix close to the point of attachment to the sup 
port plate and then- mounted upon the latter by passing the in~ 
turned ends 13 through a convenient slot 9 and sliding the clip 
along the strip until the attachment point is reached. This 
process is repeated until all the turns are clipped to each sup 
port plate every time they pass it. This is shown in FIG. 9 
where adjacent turns 17, 18, 19 and 20 of the helix are clipped 
b'y clips 21 and 22 to a support strip 23. 
t The three further support strips are now assembled by posi 
tioning them so that the bosses 15 of the clips already in posi 
tion mate with the holes 7 of the further strips. The further 
support strips are now attached, preferably by welding, to the 
bossesofthe innermost layer of clips. The next innermost 

I j-xhelix ‘is then slid over the three further support strips and ?xed 
to thela'tter by further clips. This is shown in FIG. 9. Adjacent 
turns of the next innermost helix are shown at 24, 25 and 26 
and are'clipped to support strip 27 by clips 28, 29 the support 

I strip 27 having been welded to the bosses of clips 21, 22 as in 
dicated at 30. 
The procedure is then repeated for‘ each succeeding helix. 

FIG. 9 shows turns of two further helices 31, 32 secured by 
clips 33, 34 to support strips 35, 36 respectively. ‘ 

' The inner shell is then inserted through the assembled he 
lices, and the outer shell positioned round the helices. The 
radial‘beams are then placed in position and secured to the 
shells and to the support strips. . 
The attachment clip need not be of integral construction 

and an alternative clip‘ of two part construction will now be 
described. . " ' ' ' 

The clip has a body part 37 shown in FIGS. 10, 11 and 12 
having a slot 38 and intumed ends 39. A boss 40 extends cen 
trally from face 41 of the body. . _ > 
The grip portion of the clip is separate and is shown in FIGS. 

13 and 14. It comprises a metal sheet 42 bent into the form of 
a shallow U and has a central hole 43. 
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4 
clearance ?t'between the clip body part 37 (or grips l0) and 
the support strip 44 in view of the risk of corrosion fretting oc 
curring at the contactin surfaces. One wa in which this may 
be achieved IS to weld e body parts 37 or grips 10) to the 
support strips 44 at a number of staggered positions, and,’ at 
the remaining positions, to dispense'entirely with the “stirrup" 
connection to the adjacent strip. Thus, all. potential fretting is ' 
eliminated, and, by leavingoutsome of the interconnections 
and staggering the remainder, a support system is built up 
which is ?exible in the radial direction. ‘This ?exibility ‘is 
desirable to prevent excessive stress, due to thermal expan 
sion, being induced in the tubes. Such stress might otherwise 
occur because the thermal expansion of the support members 
(having a temperature range of room temperature to primary 
heat transfer temperature) is greater than that of the tubes 
(which have a temperature range of room temperature to 
secondary heat transfer temperature). The relative expansions 
of the tubes and support members will also depend on the ,dif 
ference between the thermal properties of the materials from 
which they are constructed. I 
The embodiments described above are vertically orientated, 

but the invention is obviously applicable to any orientation; 
for example, ifthe axis was horizontal the tube support plates 
would either be considerably strengthened, or would be sup 
ported intermediate their ends. . ' = - 

The tube clips illustrated both hold adjacent turns of a helix; 
clearly each turn could have a single clip, or more than two 
adjacent turns could be supported by a single clip. , 
The invention has been described in relation to asystem in 

which the innermost coil is’. positioned ?rst; given a large , 
enough inner diameter of the inner support cylinder, the com 
ponents- and assembly procedure could be reversed and built 
from the outside ‘inwards. It is conceivable, in order to reduce 
the construction time'to work from an intermediate coil and 
build both outwardly and inwardly concurrently. 

It will be understood that regularity of the lead and pitch of 
, the helices is not essential. The support system can ‘readily be 
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adapted to support helices of irregular lead and pitch. 
I claim: ‘ 

1. A heat exchanger comprising in combination a first layer 
of tubes, a fust series of support members of elongated form 
disposed transversely with respect to the tubes of the ?rst 
layer, ?rst attachment members mounted on the support 
members and carrying the tubes of the ?rst layer, a second 
layer of tubes, a second series of support members'of elon 
gated form disposed transversely with respect to the tubes of 

' the second layer, the support members of the second series 

50 

Conveniently, the body of the clip is of stainless steel whilst I 
the clip is ofvmaterial known as Mimonic 80A. 
The assembly of the composite clip will now be described 

with ‘reference to FIG. 15. The innermost group of support 
strips 44 is positioned, and the innermost helix 45 positioned 
around the group. The body parts 37 are lockingly engaged 
with the support strips 44, and the clip parts 42 have their 
holes 43 engaged on bosses 40 of the body parts. Note that no 

. positive jointing operative has been performed up to this stage 
to assemble the two part clip. . 
The second row 46 of support strips is positioned by engag 

ing the holes therein with the bosses 40. The bosses 40 are 
now welded to the secondlsupport strips 46, this weld thus 
forms the dual function of attaching the second support strips 
to the assembly, and of attaching to each other the two parts 
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of the clip. lt mayrbelpreferable, for example when the exter- ' 
nal heat transfer ?uid is a reactor coolant gas, and for where 
the boiler is relatively inaccessible, to avoid the “loose” or 70 
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being carried by the ?rst attachnient members, second at 
tachment members mounted upon the support members of the 
second series and carrying the tubes of the second layer sup 
port members being of striplike form and having slots at 
spaced intervals along the length of the strip, and said at 
tachment members having inturned parts adapted to be en 
tered through said slots in order to mount the attachment 
members on the support member. s 

2. A heat exchangeras claimed in claim 1 in which the sup 
port members are apertured at spaced intervals along their 
length, and in which the attachment members have bosses 
which locate in the apertures to enable the attachment'rnem 
bers to carry support members. . 

3. A heat exchanger as claimed in claim 2 in which each at 
tachment member consists of a curved part which engages a 
tube and a base part by which the attachment member is 
mounted upon a support member. 

4. A heat exchanger as claimed in claim 2 in which each 'a't-f" 
tachment member consists of a first curved part which en-., 
gages a tube and a second base part separate from the ?rst 
part and by means of which the attachment member is‘ 
mounted upon a support member. 


