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57 ABSTRACT 

A heat exchange conduit is disclosed by which there 
are achieved improved heat transmission conditions 
by the fact that a rotation of the flowing medium in 
the conduit is produced at the same time as said rota 
tion is disturbed by means being in good heat conduct 
ing connection with the wall of the conduit. The heat 
exchange conduit comprises internal ribs extending 
parallel to the longitudinal axis of the conduit, and at 
least one additional element in the conduit for pro 
moting the heat exchange, whereby at least one such 
additional element is constituted by a strip, each strip 
being twisted and its principal axis being parallel to 
the longitudinal axis of the conduit. 

3 Claims, 5 Drawing Figures 

  



PATENTED HARll 1975 3,870, O8. 

  



3,870,081 
1 

HEAT EXCHANGE CONDUT 

The present invention relates to a heat exchange con 
duit comprising internal ribs extending parallel with the 
longitudinal axis of the conduit, and at least one addi 
tional element disposed within the conduit in order to 
promote the heat exchange. 
Such heat exchange conduits are utilized in heat ex 

changers wherein heat is to be transmitted from one 
medium to another through the wall of the conduit or 
tube. In order to increase the heat transmission inside 
such tubes, the flowing medium within the tube has a 
turbulent flow. This can be achieved by the combina 
tion of sufficiently large diameter and flow velocity, 
and sufficiently low viscosity, for the flowing medium. 

In many cases difficulties are encountered in achiev 
ing turbulence. It may be the case that a given viscosity 
may not be changed, or that the velocity may not be 
above a given limit. In order to have transmitted a cer 
tain amount of heat per unit of time, and with given 
temperatures, the solution in such cases generally is to 
increase the internal surface. For a given tube dimen 
sion the surface may, for example, be increased by 
means of internal ribs in the tubes. Such ribs also are 
assumed to have a favorable influence on the heat ex 
change because the ribs project towards the interior of 
the tube and come into contact with those portions of 
the flowing medium which have temperature differen 
tial with the outer layer. Measurements have shown 
that such ribs, in one case, increased the flow of heat 
through the tube wall approximately 14 percent in rela 
tion to tubes without ribs, under otherwise equal condi 
tions. 
Another known device whose purpose is to give an 

improved heat transmission, is one or more twisted 
strips within the tube. This is shown in U.S. Pat. No. 
1,343,352 and Swiss Pat. No. 353,387. Such strips have 
the effect that the flowing medium circulates during the 
flow through the tubes, but the effect, with respect to 
the heat transmission, is not especially good. This is due 
to the fact that such circulation does not give any sub 
stantial overturn of the flowing liquid layers. The flow 
does not become turbulent for promoting heat trans 
mission. Tests have shown that insertion of a twisted 
strip with a width equal to the tube diameter, in a spe 
cial case increased the flow of heat through the tube 
wall with less than 1 percent. 
An object of the present invention is to provide a 

heat exchange counduit in which there are achieved 
improved heattransmission conditions by the fact that 
there is produced a rotation of the flowing medium in 
the conduit, at the same time as this rotation is dis 
turbed by means in good heat conducting connection 
with the wall of the conduit. 
According to the invention, the above object is 

achieved by the provision of a heat exchange conduit 
of the type set forth above, and which is caracterized 
in that at least one such additional element is consti 
tuted by a strip, said strip being twisted and its principal 
axis being parallel with the longitudinal axis of the con 
duit. 
The present invention constitutes a combination of 

the above mentioned constituents, namely internal ribs 
and at least one twisted strip. This combination has the 
surprising effect that the heat transmission through the 
wall of the conduit is increased substantially more than 
with the sum of the individual increases which are 
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2 
caused by the ribs and twisted strip, respectively. Tests 
have shown that the disclosed combination is able to 
give more than a 20 percent increase of the flow of heat 
through the wall of the conduit in relation to a conduit 
with smooth walls and without twisted strips, under 
otherwise equal conditions. 
The invention departs substantially from the prior art 

with respect to the use of ribs and twisted strips, respec 
tively. The idea behind the invention is to create a rota 
tion of the flow by means of at least one twisted strip, 
and to disturb this rotation by means of ribs which are 
in good heat conducting connection with the wall of the 
conduit, but without increasing the resistance to flow 
beyond a certain limit. The disturbance of the flow 
could be achieved by, for example, surfaces extending 
completely or partly transversely to the flow direction, 
but this would firstly give strongly increased resistance 
to flow, and secondly the production of such tubes 
would be complicated. The conduits or tubes, exclusive 
of strips, which are utilized according to the present in 
vention, may be extruded integrally with the internal 
and possibly also external ribs. It is, however, no pre 
supposition that the tubes are extruded. There is noth 
ing to prevent the ribs from being produced separately 
and fixed to the tube, or the ribs being formed, for ex 
ample, depressed or folded parts of the tube. 
Further details of the invention will become apparant 

from the following description taken in connection 
with the accompanying drawings in which, 
FIG. 1 shows a transverse section of a heat exchange 

tube according to a known embodiment, 
FIGS. 2 - 4 show embodiments of heat exchange 

tubes according to the present invention, and 
FIG. 5 shows a heat exchange tube according to the 

invention which is also provided with external ribs. 
The tube 1 shown in FIG. 1 is of the previously 

known type discussed above, in which the internal sur 
face of the tube is increased by means of internal ribs 
to which are formed integrally with or attached to the 
wall of the tube and project towards the center of the 
tube. 

In FIGS. 2 - 4 are shown embodiments of tubes ac 
cording to the invention. A tube 1 with ribs 2 has at 
least one internal twisted strip 3 which preferably ex 
tends along the whole length of the tube. The tube with 
ribs is preferably made of a material with good thermal 
conductivity, whereas this is not essential in the case of 
the strip, as the strip bears against the ribs only at cer 
tain points and consequently has little effect with re 
spect to heat conduction. Therefore it is conceivable to 
make the strip of a non-metallic material, such as a 
plastic, when this is advisable in view of temperature, 
chemical influence from the flowing medium or in 
other regards. 
The tube may have sections other than the circular 

form, and the ribs 2 need not necessarily project radi 
ally into the tube as shown in FIG. 2. As shown in FIG. 
3 the ribs may be parallel, and as shown the tube may 
also contain more than one strip. The essential require 
ment is that each strip causes a rotation of the flow, and 
that the ribs disturb this rotation. 
As previously mentioned, it is convenient but not 

necessary, that the tube with its internal ribs may be 
produced by extrusion. The material may be any metal 
or a metal alloy, preferably with good thermal conduc 
tivity. The internal and possibly the external ribs which 



3 
are formed by the extrusion, will necessarily be parallel 
with the longitudinal axis of the tube. 
The number of ribs is not decisive. The essential re 

quirement is that there be a suitable distance between 
the ribs, in order that the flowing medium shall be able 
to move into and out of the spaces between the ribs. 
A simple and cheap embodiment of the invention 

comprises a tube with a few internal ribs and one 
twisted strip centrally disposed in the tube, so that the 
edges of the strip bear against the ribs at certain points 
as shown in FIG. 2. The ribs may project radially into 
the tube and be uniformly spaced around the wall of 
the tube. The strip may be sufficiently fixed by means 
of friction against the ribs, or possibly by fastening in 
other ways. 

It is possible that the strips may have such a width 
that they do not bear against the ribs. This is shown in 
FIG. 5. With a certain distance between strips and ribs, 
the produced rotation of the flowing medium will also 
be effective at the ribs. In such a case it is possible that 
the strip will be situated somewhat irregularly within 
the tube if it is not sufficiently fixed. It is convenient for 
the strip to be anchored and maintained fairly coaxial 
with the tube by placing it under tension or supporting 
it at certain points by means of auxiliary means (not 
shown) inside the tube. 
A conduit or tube according to the invention may 

have external ribs of any type, in cases where this is ap 
propriate in order to improve the heat transmission 
conditions outside the tube. An example of external 
ribs 4 is shown in FIG. 5. 
The invention may be utilized for all types of heat ex 

change whereby at least one medium flows through 
tubes, either for increasing the heat transmission inside 
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4 
the tube, or for maintaining a given transfer of heat in 
spite of reduced velocity of flow or increased viscosity. 
With a given flowing medium and given tube dimen 
sions, the invention enables the velocity of flow, and 
thereby the loss of pressure, to be lowered with mainte 
nance of a given heat transmission, as compared to 
known heat exchange tubes. 
We claim: 
1. A heat-exchange element comprising an elongated 

tube having inner and outer surfaces, internal, longitu 
dinally extending ribs projecting inwardly from the 
inner surface of said tube and having inner edges, and 
at least one additional element disposed within said 
tube for promoting heat exchange, said additional ele 
ment being constituted by a twisted strip extending lon 
gitudinally through the tube and having a principal axis 
parallel to the longitudinal axis of the tube, said addi 
tional element being so dimensioned and disposed in 
the tube to have longitudinal edges bearing at least at 
certain points against the inner edges of at least two in 
ternal ribs whereby said ribs and strips cooperate to 
produce flow disturbance of a fluid flowing in the tube 
to increase heat transmission between said fluid and the 
wall of the tube. 

2. A heat-exchange element as claimed in claim 1 
wherein said internal ribs project towards the center of 
the tube and a single one of said twisted strips is dis 
posed between said inner edges of said ribs. 

3. A heat-exchange element as claimed in claim 1, 
wherein at least two of said twisted strips are disposed 
in said tube adjacent to one another and bear against 
said ribs at said certain points along their lengths. 
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