EP 0 823 610 A1

Europdéisches Patentamt

European Patent Office

(19) p)

Office européen des brevets

(12)

(43) Date of publication:
11.02.1998 Bulletin 1998/07

(21) Application number: 96202233.1

(22) Date of filing: 08.08.1996

(11) EP 0 823 610 A1

EUROPEAN PATENT APPLICATION

(51) Int. CL.%: F28F 1/32, F28F 1/02

(84) Designated Contracting States:
ATBECHDEDKESFIFRGBGRIEITLILUMC
NL PT SE
Designated Extension States:
LT LV SI

(71) Applicant: NORSK HYDRO ASA
0240 Oslo (NO)

(72) Inventor: Vestergaard, Bjorn
6200 Aabenraa (DK)

(74) Representative: Bleukx, Luc
Norsk Hydro Technology B.V.,
Avenue Marcel Thiry 83
1200 Brussels (BE)

(54)

(57) Heat exchanger, comprising a group of tubes
secured to a pack of fins by means of mechanical
expansion of the tubes following their insertion in holes
aligned in the fins, the tubes having an oblong cross-
section without any flat walls, wherein a first ratio
between the maximum dimension (b) and the minimum
dimension (a) of the cross-section, is of between 2.80
and 5.20 and a second ratio between the maximum
dimension (b) of the cross-section and the thickness (s)
of the tube is between 15 and 38; and wherein the wall
thickness of the tube fulfils the equation

Heat exchanger

{[S3 + S4) / (S1 + S2)] - 1}* 100 > 5

wherein S3 and S4 are the wall thickness in the area of
the tube with the smallest radius, and S1 and S2 are the
wall thickness in the area of the tube with the largest
radius.
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Description

The present invention relates to a heat exchanger,
more precisely to a heat exchanger of the type defined
in the preamble of Claim 1.

Such a heat exchanger is known from EP - A - 0

633 435.
According to said publication the ratio between the max-
imum dimension of the cross-section and the minimum
dimension of the cross section must be between 2.5
and 3.75, the ratio between maximum dimension of the
cross-section and the thickness of the tube must be
between 15 and 30 and the ratio between the distance
between the fins and the thickness of each fin must be
less than or equal to 11.

It has been found that the support given by the fins
to the tubes when these are filled with a pressurised
heat exchanging fluidum is subordinate if compared
with the self-supporting characteristics of the tube. It
has even been possible to use tubes with different
dimensions, provided special measurements are taken
with respect to the wall thickness of the tube.

According to the invention an improved heat

exchanger is obtained by the characteristic portion of
claim 1.
By using the dimensions according to the invention a
heat exchanger is obtained in which the pressure trans-
mitted by the tube to the fins is more evenly distributed,
thereby obtaining a more evenly distributed heat
exchange contact between the tubes and the fins.

Other advantages and characteristics will become
obvious from the following description of an example
reference being made to the annexed drawing in
Fig. 1 which is a part of a heat exchanger shown in
cross section,.
is a schematic representation of the stress
on the tube wall in operative and non-opera-
tive condition,
is a schematic representation of the tube
form in operative and non-operative condi-
tion, and
is a diagram showing the variations in stress
in the tube wall.

Fig. 2

Fig. 3

Fig. 4

The heat exchanger shown in the drawing is of the

type disclosed in EP - A - 0 633 435 and for the general
information about that construction, reference is made
to that publication.
In the drawing there is shown part of one fin 10 contain-
ing perpendicular to its surface a so-called oval tube 12,
i.e. a tube having an oblong cross section without any
flat walls.

As shown in the drawing the tube has in cross sec-
tion a maximum dimension b and a minimum dimension
a. According to the invention the wall thickness of the
tube may vary according to the location. In this way four
locations are important with respect to the tension when

10

15

20

25

30

35

40

45

50

55

the tube is under internal pressure. These locations are
the places with largest radius indicated by their thick-
ness Sy and S, and the places with the smaller radius
indicated by their thickness S; and S,4. By providing the
wall thickness S and S5, S3 and S, in such a way that
they fulfil the claimed equation and when at the same
time the first ratio b/a lies between 2,80 and 5,20 and
second ratio b/s lies between 15 and 38, S being the
average wall thickness

[eg. = S=(8;+8,+835+8,)/4] the tube is opti-
mised with respect to its strength against internal pres-
sure and lowest material consumption.

The following explanation shows that the stress in
the area with the smallest radius is higher than in the
one with the largest radius, and that

In Fig. 2 there is shown the tube 12 and in the left
hand part of the drawing there is shown the stress Ty in
the wall of the tube 12 when no pressurised fluid is
present within the tube. In this situation the fins exert
from the outer side a pressure on the wall of the tube 12,
which pressure is the highest in the small diameter por-
tions. In the right hand side of figure 2 there is shown
the stress T}, in the tube wall when a pressurised fluid is
present within the tube, in which case the fluid exerts a
pressure on the tube wall as shown in that part of fig. 2,
the stress being the smallest in the small radius portion
of the tube. It should however be noted that the tension
Top in the left hand side and the stress T, in the right
hand side of fig. 2 are differently oriented, in the left
hand side being from the outside to the inside and in the
right hand side being from the inside to the outside.

The schematic representation of fig. 2 is based
upon calculations made with respect to a simplified
model of a so called flat oval tube. The simplification has
primarily to do with the fact that it was accepted that the
tube has an ellipse shape with a major axis of 12 mm
and a minor axis of 3.2 mm and an average wall thick-
ness of 0.5 mm.

In the normal use of a heat exchanger this is quit often
switched on and off, which means that with the same
frequency a pressurised fluid is supplied to the interior
of the tube 12 and the pressure relieved after switching
off.

In Fig. 3 there is shown the shape of the tube 12 either
in the non operative condition of the heat exchanger, in
which situation the tube has the shape 12A and most of
the stress is concentrated in the small radius portion of
the wall. Upon applying a pressurised fluid in the tube
12 it takes the shape 12B. As can clearly be seen in fig.
3 the wall is moving as if it is articulating around the
small diameter portion of the wall. This adds to the ten-
sions which apply to these portions, and requires
fatigue properties for these portions. By using the wall
thickness ratio's according to the invention these
improved fatigue properties have been obtained.

To further elucidate this phenomena, the stress T
occurring in a small radius portion of the tube wall is
represented in fig. 4 in function of the time t. Every time
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the heat exchanger is switched on the stress increases
nearly stepwise, and after switching off it decreases
more or less in the same way.

Claims 5

1. Heat exchanger, comprising a group of tubes
secured to a pack of fins by means of mechanical
expansion of the tubes following their insertion in
holes aligned in the fins, the tubes having an oblong 70
cross-section without any flat walls,
characterised in that
a first ratio between the maximum dimension (b)
and the minimum dimension (a) of the cross-sec-
tion, is of between 2.80 and 5.20 and a second ratio 15
between the maximum dimension (b) of the cross-
section and the thickness (s) of the tube is between
15 and 38; and in that the wall thickness of the tube
fulfils the equation

20
{[S3 +S4)/(S1+82)]-1}*100> 5

wherein S3 and S4 are the wall thickness in the
area of the tube with the smallest radius, and S1

and S2 are the wall thickness in the area of the tube 25
with the largest radius.

2. Heat exchanger according to claim 1,
characterised in that
the first ratio is between 3.75 and 5.20. 30

3. Heat exchanger according to claim 1,
characterised in that
the first ratio is between 3.75 and 5.00.

35
4. Heat exchanger according to any of the claims 1 to
3,
characterised in that
the second ratio is between 17 and 26.
40
5. Heat exchanger according to any of the claims 1 to
4,
characterised in that
the equation is larger or equal to 6.
45
50
55
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