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ABSTRACT OF THE DISCLOSURE 

A regenerative tube-bundle heat exchanger having a 
plurality of spaced-apart helicoidally wound tubes of ?at 
tened cross-section with a ratio of the major internal 
diameter to the minor internal diameter of 5:1 to 25:1 
and twisted in a screw-like con?guration; and a heat 
storage mass packed around the tubes and ?lling the 
spaces between them. 

My present invention relates to tube-bundle heat ex 
changers and, more particularly, to indirect heat-exchange 
systems having large heat-transfer surface areas and high 
?uid throughput. 
While heat exchangers of the tube-bundle type have 

been used for many years in order to obtain high through 
puts and large effective heat-transfer areas, considerable 
research has gone into the development of more e?icient 
units of this general type. It is, for example, known to 
provide regenerative heat exchangers, especially for cryo 
genic operations (e.g. air recti?cation by the so-called 
Linde process), with tube bundles through which a rela 
tively cool ?uid and a relatively warm ?uid are passed in 
succession to effect a transfer of sensible heat between 
them. For this purpose the tube bundle can be surrounded 
by a heat-storage mass to which the heat from a relatively 
warm ?uid is imparted as it passes through the tube 
bundle .and from which the heat is abstracted by the rela 
tively cold ?uid in its turn. Such heat exchangers may be 
constructed as direct-transfer heat exchangers in which 
one ?uid passes through the bundle while another ?uid 
?ows through a chamber surrounding the bundle or a 
further tube-bundle so that heat exchange is effected di 
rectly through the tube walls. The present invention is 
directed primarily to heat exchangers of the regenerative 
type in which the tube bundle constitutes, or is sur 
rounded by and is in heat-exchanging relationship with a 
heat-storage mass; it has, however, been found to be ap 
plicable to other types of heat exchangers as well. 
For the most part, tube-bundle regenerative heat ex 

changers, especially those in use for cryogenic purposes, 
have tube bundles formed by closely spaced tubes of 
circular cross-section. A disadvantage of this system is 
that the tubes themselves, for a given pressure drop 
through the tube bundle and heat-exchange efficiency, 
occupy a relatively large volume. In order for the unit 
to contain the corresponding volume of the heat-storage 
mass, the entire system must be of relatively large dimen 
sion and may be unsuitable for use in places where com 
pact devices are necessary. On the other hand, the unit 
must concede heat-exchange e?iciency if its dimensions 
are to be reduced. 

It is, therefore, the principal object of the present in 
vention to provide an improved tube-bundle heat ex 
changer, especially for use in cryogenic or low-tempera 
ture installations, which can be of relatively small overall 
dimension without sacri?ce of heat-exchange capacity or 
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has a relatively high e?iciency in terms of its overall 
volume. 
A further object of this invention is to provide a highly 

ef?cient regenerative heat exchanger of low manufactur 
ing and operational cost. 

These objects and others which will become more ap 
parent hereinafter are attainable in accordance with the 
present invention with a regenerative-type heat ex 
changer whose tube bundle is surrounded by a heat-storage 
mass and whose individual tubes are ?attended so as to 
have a general elongated cross-section of limited width. 
According to a further feature of this invention, the ?at 
tened tubes (which may have a generally rectangular or 
elliptical cross section preferably with parallel sides) can 
be twisted into a screw-like con?guration with the twisted 
tubes being further coiled generally helically along the 
length of the heat exchanger about a common axis so as 
to have a corkscrew construction. 

I have found, moreover, that the ?attening of the indi 
vidual tubes of the tube bundle gives rise to a surprising 
increase of the heat-transfer efficiency and corresponding 
reduction in the pressure differential across the tube 
bundle by comparison with circular-tube bundles for a 
given volume of the bundle and a substantial decrease in 
this volume for a given ?ow resistance and heat-transfer 
ef?ciency. Consequently, regenerative heat exchangers 
according to the present invention can have a substantial~ 
ly reduced volume by comparison with heat exchangers 
having circular-section tubes and thus need a correspond 
ingly reduced quantity of insulation with lower construc 
tion costs; when the present improvement is used to re 
duce the ?ow resistance of tube bundle for a given heat 
exchanger volume‘, signi?cantly less energy is necessary 
to displace the ?uid and operation costs are correspond 
ingly reduced. 
The above and other objects, features and advantages 

of the present invention will become more readily appar 
ent from the following description reference being made 
to the accompanying drawing in which: 

FIG. 1 is a cross-sectional view taken along a plane 
perpendicular to the axis of heat exchanger according 
to the present invention; 

FIG. 2 is an elevational view, drawn to an enlarged 
scale, of the individual tube of this heat exchanger; and 

FIG. 3 is a fragmentary elevational view of the heat 
exchanger of FIG. 1 showing the corckscrew con?gura 
tion of the turns of the tubes. 

In FIGS. 1 and 3 I show a regenerative heat exchanger 
for use in low-temperature installations (e.g. air recti? 
cation, low-temperature separation of liqui?ed gases, 
cryogenic puri?cation), which comprises an outer shell 
1 of cylindrical con?guration. This shell may be formed 
at its extremities with the usual manifold-type heads, 
covers or bonnets, as described and illustrated, for ex 
ample, at pages 11-2 ff. of Perry’s Chemical Engineers 
Handbook, fourth edition, McGraw-Hill, New York, 
1963. The shell 1 surrounds a layer 2 of thermal insula 
tion which, in turn, isolates an inner pressure-retaining 
vessel 3 whose compartment 4 is ?lled with a heat-storage 
mass 7. The heat-storage mass can be a cermet or a metal, 
preferably of high thermal conductivity; for low~tempera~ 
ture technology aluminum particles in tightly packed rela 
tionship can serve as the heat-storage mass. The vessel 3 
further contains at least one tube bundle consisting of 
the tubes 5 which extend longitudinally through the heat 
exchanger between its heads. The tubes are required in 
regenerative heat-exchange systems in which it is impor 
tant to prevent condensate and precipitate from one of 
the ?uids undergoing treatment from contaminating the 
thermal-storage mass 7 packed around the tubes. 
The tubes 5 are spaced from one another in a staggered 

arrangement so that they lie at the vertices of polygons 
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when considered in a cross section perpendicular to the 
axis of the heat exchanger. Thus the tube bundle can also 
be termed a tube “nest.” It will be understood that the 
present invention applies equally to heat exchangers hav 
ing two or more tube bundles in spaced relationship or 
in interleaved construction. 

‘As can be especially seen from FIGS. 1 and 2, each of 
the tubes 5 is ?attened to have a ?ow cross section 6 
which is relatively narrow and elongated with a pair of 
parallel sides 6a, 6b, terminating in rounded ends. The 
?attened tubes 5 are, moreover, twisted into turns 8 of 
a. screw-like con?guration. The tube is advantageously 
made by compressing and twisting commercially available 
circular-section copper, stainless-steel, Monel, or alumi 
num tubing. The ?ow cross section 6 has a major inner 
diameter D and a minor inner diameter d which is con 
stant over most of the length of the narrow ?ow cross 
section. I have observed that best results are obtained 
when the tube is ?attened so that the ratio D:d ranges 
from 5:1 to25z1. 
By way of example, it can be pointed out that a re 

generated heat exchanger of the type illustrated in FIGS. 
1 and 2 can have 374 tubes of a length of 16 m., a major 
inner diameter D==30.4 mm. and a minor inner diameter 
d=2.6 mm.; the tubes of this regenerator occupy 1.34 m.‘*. 
A similar regenerator with the same pressure drop in the 
tubes and heat-transfer e?iciency can be constructed from 
702 tubes with an individual tube length of 8 m., and in 
ner diameters D=31.7 mm. and d=1.3 mm. In this latter 
regenerator, the tubes occupy a volume of 1.04 m.3. 
By contrast, when using tubes of circular cross section 

to obtain a heat exchanger with the same heat-transfer 
e?iciency and pressure drop, it is necessary to use 90 tubes 
with a length of 76 m. and a diameter of 23 mm. These 
tubes occupy a Volume of 3.45 m.3, thereby necessitating 
that the overall dimensions of the heat exchanger be from 
2-3 times those obtainable in accordance with the pres 
ent invention. A corresponding increase in the quantity of 
thermal insulation makes the disparity in outer dimen~ 
sion even greater. 
As is illustrated in FIG. 3, the tubes 5 can be wound 

in corkscrew con?guration generally helically about the 
axis of the tube bundle and the heat exchanger. 

It will be understood that the tube arrangement of the 
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4 
present invention is applicable as well to cross?ow coun 
ter-current heat exchangers; in this case the ?attened tubes 
can be coiled into spiral-tube bundles Without nonuniform 
constriction of the tubes as has characterized circular 
section tubes similarly employed. 
The invention described and illustrated is believed to 

admit of many modi?cations within the ability of persons 
skilled in the art, all such modi?cations being considered 
within the spirit and scope of the appended claims. 

I claim: 
1. In a regenerative-type tube-bundle heat exchanger 

for indirect heat exchange between a relatively warm 
?uid and a relatively cool ?uid having a plurality of 
spaced-apart tubes for conducting a ?uid therethrough, 
the improvement wherein each of said tubes is of ?attened 
cross section and is twisted in a screw-like con?guration 
with at least some of said tubes of ?attened cross section 
wound helically about a common axis to form a tube 
bundle; said improvement further comprising a heat-stor 
age mass packed around said tubes individually and ?lling 
the spaces between them, the ?ow cross section of said 
tubes having a pair of parallel longitudinal sides, and a 
major inner diameter and a minor inner diameter in a 
ratio ranging from 5:1 to 25:1. 

2. The improvement de?ned in claim 1 wherein said 
?ow cross section of said tubes is generally rectangular 
with rounded ends, each of said tubes being twisted along 
its length into a multiplicity of screw-like turns and being 
helically wound about an axis of the tube bundle, said 
heat exchanger further comprising a pressurizable vessel 
enclosing said mass and said tube bundle, and a layer of 
thermal insulation surrounding said vessel. 
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