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(87) Abstract

An air-tight enclosure, surrounding electric equipment
arranged on the outside of a rail-mounted vehicle, for carrying
off heat from the electric equipment, the limiting surface of
which comprises a plurality of heat-conducting members (2).
The heat-conducting members separate the air, contained in
the enclosure, from surrounding air and they form a coherent
partition with a wave-like cross section.
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Enclosure for electric eguipment

TECHNICAL FIELD

The present invention relates to an air-tight enclosure
for protecting electric equipment against dirt and
moisture. The enclosure is designed to facilitate giving
off heat from the equipment. Preferably, the invention
relates to cooling of, for example, static converters or
thyristors which are mounted on the outside of rail-
mounted vehicles and which are enclosed to be protected

from the surrounding environment.

BACKGROUND ART

Prior art enclosures comprise profiled walls with a base
plate with both internally and externally projecting
heat-conducting members. The heat is conducted via the
internal heat-conducting members to the base plate and
from the base plate to the external heat-conducting
members. The projecting members increase the convection
since heated air flows along the heat-conducting members
and is replaced by colder air. An enclosure manufactured
from this type of profiles, however, does not give opti-
mum cooling capacity when the surrounding medium has a
high velocity since the heat is conducted over a long
distance from an internal member to the centre web and

out into an external member.

SUMMARY OF THE INVENTION

To protect electric equipment in exposed environments
from harmful influence, the equipment is enclosed into
closed cubicles or boxes. The enclosure is filled with
air or with another gas. The invention relates parti-
cularly to enclosure of such electronic equipment which

is mounted on the outside of rail-mounted vehicles. This
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equipment is often mounted on the underside of the train.
There, the enclosure must be able to withstand snow, ice,
dirt, wet, moisture and mechanical influence, for example
from stones and gravel splashing up from the railway
embankment. Heat from the equipment is carried off with
the aid of cooling units and/or fans inside the enclo-
sure. The lower temperature of the surroundings and the

convection provided by the airstream are also utilized.

The total heat transport from the electric equipment to
the air surrounding the enclosure may, in simple terms,
be said to consist of the heat transfer from the gaseous
medium to the inner surface of the enclosure, the thermal
conduction through the enclosure itself, and the heat
transfer from the outer surface of the enclosure to the

surrounding air.

Different phenomena are limiting for the efficiency of
the cooling in the case of natural and forced convection.
For an enclosure where the surrounding air is relatively
stationary, the thermal conduction through the material
is relatively insignificant compared with the heat
transfer between the surface of the enclosure and the
surrounding air. One way of improving the cooling is to

increase the surface of the enclosure.

The heat transfer from a surface to a surrounding fluid

is described by the empirical relationship

O, = hA(T, -T,)

where 0, is the heat flow, h is the heat transfer

coefficient, a parameter which is dependent on the
convection and the shape of the surface, A is the area,
Tb is the temperature of the surface, and Tf is the

temperature of the surroundings.
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With increased convection, the heat transfer coefficient
h increases, but the difference in temperature between
the surface and the surroundings (Tb-Tf) decreases. At
high convection, thus, the heat transfer from the surface

is less than at natural convection.

For an enclosure mounted on the outside of a vehicle
where the surrounding air moves with the speed of the
vehicle, the thermal conduction through the enclosure
itself is more important for the efficiency of the
cooling than for an enclosure in stationary air, since
the contribution of the thermal conduction to the total

heat transport is relatively greater.

According to Fourier’s law for thermal conduction, the
heat flow is proportional to the area and the temperature
gradient. By designing the enclosure such that the heat
is conducted a short distance to obtain a great tempera-
ture gradient while at the same time the area is large,

efficient heat conduction is obtained:

. dT
= A
Q. dx

where QX is the heat flow, x is the thermal conductivity:

a material constant, A is the area, T is the temperature,

and x is a distance perpendicular to the area.

It is desirable to make use of an enclosure which has a
large surface but which also has thin walls to limit the
thermal resistance through the wall. It is especially
suitable that the enclosure comprises profiled walls with
a wave-like cross section. This causes the surface which
gives off heat to be large while at the same time the

distance, over which the heat is conducted, is small.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained by description of embo-
diments with reference to the accompanying drawings,
wherein

Figure 1 shows a cross section of part of the wall of the
enclosure with a base plate and heat-conducting members,
projecting therefrom, according to the prior art.

Figure 2 shows a cross section of part of the wall of the
enclosure according to the invention, with a wave-like

cross section.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a cross section of part of an enclosure
according to the prior art; a profiled wall cooling with
a base plate 1 and heat-conducting members 2, projecting
internally and externally from the base plate. The en-
closure is intended to be used for electric equipment
which is mounted under a train. The wall has been
designed to obtain a large surface for giving off heat.
The heat-conducting members are designed as flanges with
longitudinal ridges 3. On the inside of the enclosure, a
fan and/or a cooling unit, not shown, are placed to
obtain efficient cooling by increased convection. On the
outside of the enclosure, the airstream gives a very high

convection and hence good cooling.

Figure 2 shows a cross section of part of an enclosure
according to the invention. With this design of the
enclosure, in addition to a large surface, also a small
distance between the inside of the profile and the out-
side of the profile is obtained. To obtain a large sur-
face which takes up and gives off heat, the heat-con-
ducting members 2 are arranged at an angle to one another
so as to form a wave-like wall. According to this embodi-

ment, the heat-conducting members are provided with
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longitudinal ridges 3. The heat-conducting members are
connected to plane portions 4 and have an outer edge 5 to

facilitate mounting and handling.

A comparative experiment between an enclosure according
to the invention and an enclosure according to the prior
art shows that the enclosure according to the invention
provides improved cooling capacity at natural convection.
At forced convection, the cooling capacity is conside-
rably better. A partition with a wave-like cross section
according to the invention carries off heat 3-4 times
more efficiently, when the surrounding air moves at 8
m/s, than a profile with a base plate and protruding
heat-conducting members. Typical air velocities around a
train in motion are 12-20 m/s. At such velocities, an
enclosure with a wave-like partition is even more

efficient.

The enclosure according to the invention is dimensioned
according to a specific cooling requirement, whereby an
enclosure with a lower weight is obtained, which occupies
less space and requires less material compared with an
enclosure, dimensioned according to the same criteria, in

accordance with the prior art.

The material in a cooling profile should have a high
thermal conductivity. Examples of such materials are
copper and aluminium and alloys of these materials.
Aluminium may advantageously be extruded, with a good
result, into profiles which are rich in details. Cooling
profiles shall have a large surface and therefore extru-
sion is a suitable manufacturing method. Ridges and
grooves and other structural elements, which give a large

surface, may be achieved.

The gaseous medium which is enclosed in the enclosure,

and which surrounds the electric equipment, is normally
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air but may be replaced by another gas having properties

which are suitable for each individual purpose.
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CLAIMS

1. An air-tight enclosure, surrounding electric equipment
arranged on the outside of a rail-mounted vehicle, for
carrying off heat from the electric equipment, the limi-
ting surface of which comprises a plurality of heat-
conducting members (2), characterized in that the heat-
conducting members separate the air, contained in the
enclosure, from surrounding air and that they form a

coherent partition with a wave-like cross section.

2. An enclosure according to claim 1, characterized in
that the plane of extension of the members form an angle

with each other.

3. An enclosure according to claim 1, characterized in

that the partition exhibits the shape of a sine wave.

4. An enclosure according to any of the preceding claims,
characterized in that the heat-conducting members are

arranged with longitudinal ridges (3).

5. An enclosure according to any of the preceding claims,
characterized in that the heat-conducting members are

interconnected by plane outer portions (4).

6. An enclosure according to any of claims 1-5,
characterized in that the partition is made of extruded

aluminium.

7. An enclosure according to any of claims 1-5,
characterized in that the partition is made of corrugated

sheet.

8. A method for carrying off heat from electric equip-
ment, which is arranged in an enclosure and surrounded by

an enclosed gaseous medium, into the surrounding air,
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wherein the enclosure is brought to comprise a plurality
of heat-conducting members, characterized in that the
heat-conducting members are arranged to separate the
gaseous medium, contained in the enclosure, and the
surrounding air, and that the plane of extension of the
heat-conducting members is adapted to form an angle

between them.

9. A method according to claim 8, characterized in that
the heat-conducting members are provided with longitu-

dinal ridges (3).
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