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ABSTRACT OF THE DISCLOSURE 

Heat exchanger having a cylindrical housing with an 
inlet and an outlet for a ?rst ?uid and substantially com 
pletely ?lled with a packing formed by crossing coaxial 
layers of oppositely turned helicoidal tubes forming with 
in the channel of the housing ba?les with relatively nar 
row interstitial openings imparting turbulence to the en 
tire mass of liquid passing through the channel. The tubes 7 
surround a core. 

Our present invention relates to a heat exchanger in 
which two ?uids of initially different temperatures pass in 
close proximity to each other, but along different paths, 
for the purpose of heating or cooling one of the ?uids 
at the expense of the other. 
A typical ?eld of application of such heat exchangers 

is in the cooling of lubricating oil taken from and returned 
to the crankcase of an automotive engine or the like. 
,Other ?elds of use are in food-processing plants, in the 
chemical industry, in steam engines, in systems for sup~ 
plying oil as a fuel or a motive ?uid to internal-combus 
tion (e.g. Diesel) engines or to hydraulic machinery. 

. In heat exchangers in which one of the ?uids (e.g. oil) 
is considerably more viscous than the other, it is custom 
ary to let this ?uid pass along a substantially straight path 
and at a relatively slow rate through an elongated, gener 
ally cylindrical chamber and to conduct the other, more 
mobile ?uid (e.g. water, steam, air or some other gas) 
through one or more pipes of undulating or helical shape 
designed to increase the residence time of the latter ?uid 
in the chamber. It is also the practice, for more e?icient 
heat exchange, to let the two ?uids move in counter?ow 
to each other. a . 

These techniques, however, are not always completely 
satisfactory, particularly when heat is to be extracted from 
a relatively viscous liquid, such as oil, having a low heat 
transfer coe?icient (a). Such a liquid, on being chilled by 
contact with the thermally conductive pipes carrying the 
colder ?uid, tends to congeal into a relatively sluggish 
boundary layer covering the outer pipe surfaces and mini: 
m-izing, by reason of its own low thermal conductivity, 
the transfer of heat from the more remote portions of the 
hot liquid to the cooling pipes. This not only lowers the 
e?iciency of the system ‘but is objectionable ‘in many in 
stances on account of the lack of homogeneity of the dis 
charged liquid with reference to, say, its lubricating quali 
ties. 

It is, therefore, the general object of the present inven 
tion to provide an improved heat exchanger which avoids 
the aforestated disadvantages ‘and which is particularly, 
though not exclusively, useful in conjunction with viscous 
?uids of low heat-transfer coe?icient. 

This object is realized, in accordance with our inven 
tion, by the provision of a heat exchanger whose elon 
gated, preferably cylindrical housing, forming a channel 
for a ?rst ?uid, contains ‘a thermally conductive structure 
including a plurality of coaxial helicoidal elements of 
alternating direction of pitch, this structure being consti 

UL 

15 

25 

35 

40 

45 

65 

70 

1 3,335,790‘ 
Patented Aug.‘ 15, 1967 "cc 
2 

tuted at least in part by a conduit or conduits carrying a 
second ?uid in heat-exchanging relationship with the ?rst 
?uid; the helicoidal elements, which may be ?uid-carrying 
pipes and/or ribs mounted on the outer surfaces of such 
pipes, subdivide the elongated channels into a plurality of 
intercommunicating helicoidal zones which de?ect the ?rst 
?uid from its linear path and force it to move with both 
radial and tangential velocity components so that turbu 
lence is imparted to this ?uid and the deposition of a 
sluggish ‘boundary layer is substantially prevented. 
The term “helicoidal” is used in this context to describe 

coiled con?gurations of a generally helical nature where 
in the spacing and other dimensions of successive turns 
are not critical and need not be uniform. 

FIG. 1 is a longitudinal sectional view of a heat eX~ 
changer according to a ?rst embodiment; 

FIG. 2 is a fragmentary view of a second embodiment, 
shown partly in axial section and partly in elevation; 

FIG. 3 is a partly sectional and partly elevational view 
of a third embodiment; and 

FIG. 4 is a fragmentary view of a modi?cation of the 
structure shown in FIG. 2. _ 

In the several views of the drawing, A designates a 
?rst ?uid, which may be a relatively viscous liquid such as 
oil, whereas B identi?es a second ?uid which may be a 
more mobile liquid or gas. 

In FIG. 1 there is shown a heat exchanger whose hous 
ing 1 has a cylindrical peripheral wall with frustoconical 
ends terminating in a pair of axially aligned ports 1a, 1a’ 
for the admission and discharge of the ?uid A. Extending 
axially within the housing 1, and supported therein by 
means of radial stays 2a, is a solid elongated core 2 of a 
diameter substantially equal to that of the ports 1a, 1a’. 
‘Core 2 is surrounded by an inner tier of helicoidally inter 
leaved pipes 3 of good thermal conductivity which are 
spaced apart to de?ne a multithread helicoidal path 
around the core; these pipes 3, in turn, are encased within 
a second tier of similar pipes 4 which are coiled in the 
opposite direction but have substantially the same spacing 
and pitch angle as the former. The multithread helicoidal 
path de?ned by the pipes 4 communicates at numerous 
locations with the ?ow path formed by the pipes 3 so 
that the ?uid stream A will distribute itself throughout 
the housing and will be turbulently de?ected in three di 
mensions before exiting from outlet port 1a. 
A second ?uid B may traverse all the interleaved and 

nested pipes 3, 4 in series or in parallel; as shown in FIG. 
1, ?uid enters one of the inner conduits 3 and leaves one 
of the outer conduits 4 in the vicinity of port 1a so that 
part of this ?uid ?ows countercurrent to ?uid A. 

In FIG. 2 there is shown a modi?ed housing whose 
cylindrical peripheral wall 21 is formed at opposite ends 
with lateral inlet and outlet ports 21b (only one shown) 
for the ?uid stream A; a conical transverse partition 6 
at each end of cylindrical wall 21 has apertures 21a 
leading to respective helicoidal pipes 3', 3", 4’ and 4" 
which surround a straight central tube v5 and are disposed 
in four nested tiers of alternate pitch direction. Adjoin 
ing each end of the cylindrical housing wall 21, and 
secured to it ‘by rivets or other fasteners 22, is a frusto 
conical end wall 7 ‘with a respective entrance or exit 
port, only the end wall carrying the entrance port 7a 
being shown in this ?gure. Fluid B, introduced into port 
7a, enters the confronting open end of tube 5 as well 
as the apertures 21a leading to the pipes 3', 3", 4' and 
4", traversing all these conduits in its passage toward the 
exit port at the opposite end of the housing. The ther 
mally conductive structure constituted by these conduits 
again serves to de?ect the ?uid A, moving in counter 
?ow to ?uid B, in a swirling ?ow onto a path of many 
helicoidal and radial branches. 
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The embodiment of FIG. 3 comprises a housing 31, 
generally similar to housing 1 of FIG. 1, whose frusto 
conical end walls are penetrated by inlet and outlet ducts 
8, 8’ for the ?uid A that open into an inner space de?ned 
by a generally cylindrical partition 9 which parallels the 
wall of housing 31 and forms therewith an annular chan 
nel 32 for the passage of ?uid B; the latter is admitted 
into this channel by way of a lateral inlet port 31b, and, 
in ?owing toward a lateral exit port 3111' at the opposite 
housing end, partly traverses a pipe 10 which extends 
for the most part axially within housing 31 as a bypass 
to channel 32. The outer periphery of pipe 10 and the 
inner periphery of partition 9 carry respective helicoidal 
ribs 11, 12 of opposite pitch direction which again divide 
the space occupied by ?uid A into a plurality of nested 
helicoidal zones. Naturally, the entire integral structure 
9-12 is made of a highly heat-conductive metal, e.g. 
copper or stainless steel, to facilitate heat exchange be 
tween the two ?uids. 
The provision of helicoidal ?ns or ribs on a conduit 

for ?uid B, designed to de?ect the external ?uid A as 
illustrated in FIG. 4 a modification of the system of FIG. 
2 wherein a central tube 45, provided with helicoidal ribs 
45a, replaces the plain tube 5 surrounded by the inner 
tier of helicoidal pipes 3’. Moreover, if desired, these 
helicoidal pipes (or those of the system of FIG. 1) could 
also be provided, in whole or in part, with such external 
helicoidal ribs. 
A heat exchanger according to this invention may be 

directly connected, by its axial ports such as those shown 
at 1a, 1a’, or 8, 8', in a pipeline carrying one of the 
?uids to be heated or cooled. We have found that, by 
virtue of the present improvement, the volume of such 
heat exchangers is only about a third or a fourth of 
that of conventional devices of comparable heat-ex 
changing capacity and that the rate of ?ow for the con 
trol ?uid B is similarly reduced. 

It may be mentioned that a system of the type as shown 
in FIG. 2, with separate cylindrical and frustoconical 
housing sections 21 and 7, may be extended at will by 
the insertion of addional cylindrical sections through 
which the ?uid B passes in succession; ?uid A may be 
led into the several housing sections by suitable external 
connections between their respective side ports 21b. Such 
a system may also be used, for example, as a water heater 
of considerably greater compactness than conventional 
boilers, with the water (?uid B) entering and leaving 
axially via ports 7a and manifolds 6 while the hot com 
bustion gases (?uid A) from a ?re chamber are intro 
duced and withdrawn laterally via ports 21b. Conversely, 
the system of FIG. 2 may also be utilized as a condenser 
for live steam, with cooling water B introduced at 7a 
and with the discharge port 21b turned downwardly to 
serve as a drain for condensate A. A further use would 
be in a refrigeration or air-conditioning system with the 
air circulated as the ?uid A while a suitable coolant is 
employed as the ?uid B. Naturally, the devices shown 
in FIGS. 1 and 3 may be utilized in analogous manner 
for similar purposes. 
The system of FIG. 3 is particularly adapted for the 
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4 
cooling of gases. Fluid A, for example, may be a gas to 
be fractionated by selective condensation of some higher 
boiling constituent thereof. 
The arrangements speci?cally described and illustrated 

are, of course, capable of various modi?cations without 
departing from the spirit and scope of our invention as 
de?ned in the appended claims. 
We claim: 
1. A heat exchanger comprising an elongated housing 

forming a channel for a ?rst ?uid, ?rst inlet and outlet 
means on said housing communicating with said channel, 
thermally conductive conduit means traversing said hous 
ing in a generally longitudinal direction and forming a 
path for a second ?uid in heat-exchanging relationship 
with said ?rst ?uid, and second inlet and outlet means 
on said housing at the ends of said path, said conduit 
means forming part of a thermally conductive structure 
including a plurality of alternately crossing coaxial heli 
coidal tubes in turns of opposite senses which extend 
within said channel between said second inlet and outlet 
and subdivide said channel into a plurality of intercom 
municating ba?ies whereby turbulence is imparted to said 
?rst ?uid, said coaxial helicoidal tubes forming a packing 
substantially ?lling said channel and forming narrow 
interstices therebetween for the passage of said ?rst ?uid. 

2. A heat exchanger as de?ned in claim 1 wherein said 
housing has a substantially cylindrical peripheral wall 
and a pair of substantially conical end walls adjoining 
said peripheral wall, said end walls having vertices pro 
vided with ports forming part of one of said inlet and 
outlet means for the admission and discharge of one of 
said ?uids. 

3. A heat exchanger as de?ned in claim 1 wherein said 
structure includes a central member surrounded by said 
tubes and extending axially within said peripheral walls. 

4. A heat exchanger as de?ned in claim 3 wherein said 
member is a solid core. 

5. A heat exchanger as de?ned in claim 3 wherein 
said member is a tube open toward said ports. 

6. A heat exchanger as de?ned in claim 2 wherein 
said ports form part of said ?rst inlet and outlet means, 
said conduit means being provided with terminations 
constituting said second inlet and outlet means and ex 
tending laterally from said housing for the introduction 
and withdrawal of said second ?uid. 
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