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Description
Field of Invention

[0001] The invention refers to a pressure relief valve
and more particularly to a pressure relief valve for for
external floating roofs for huge containers storing liquids.

Prior Art

[0002] Externalfloating roofs are used in big containers
for storing flammable liquids such as oil. Such floating
roofs are moveably supported on the container so that
they can move up and down corresponding to the amount
of liquid that is stored within the container and they are
sealed so that neither gas nor liquid can escape through
the contact region of the floating roof and the container.
The floating roofs are further supported by hollow legs,
which are usually distributed along the outer circumfer-
ential portion of the floating roof. These external floating
roofs are designed to retain vapor beneath the single skin
of the centre deck. However, solar radiation heats the
surface of the floating roof and the container causing the
liquid beneath to boil and, thus, increasing the vapor be-
neath in the container. The diurnal effect of the sun (cold
at night hot during the day) further increases the stresses
on the welds of a floating roof which can lead to weld
cracking. Moreover, the composition of the stored liquid
also influences the production of the gas within the con-
tainer. For instance, unsterilized crude oil or large quan-
tities of butane in gasoline releases large quantities of
vapor. Furthermore, the height above sea level of the
tank farm also increases the effect of gas in such a con-
tainer since the higher the elevation of the tank farm the
less barometric pressure is available to contain the vapor
in the stored liquid.

[0003] This gas causes the floating roof to balloon, i.e.
the pressure of the gas bubble within the container push-
es the floating roof upwards. Since the floating roof is
heavier and supported at the outer edge, the gas bubble
starts to grow in the centre of the roof, thereby pushing
the centre upwards causing the roofto bend into a convex
shape. Over time, the gas bubble increases and wanders
outwards to the supporting legs. This phenomenon is
called "ballooning". The first indication of ballooning is
when an excess of vapor has built up on top of the stored
liquid beneath the single skin of the centre deck, causing
discoloration of the paint on the centre deck legs caused
by vapor escaping from the leg pin holes. However, in
more severe cases of ballooning, the gas bubble extends
to the hollow supporting legs which are fixed to the float-
ing roof and, therefore, are rising together with the roof.
When the bottom end of such a hollow leg is lifted out of
the liquid in the container, the gas will be pressed out
through the leg into the environment, thereby relieving
the pressure within the tank. That causes the floating roof
and the hollow supporting leg to fall back down onto the
liquid in the container and liquid will be pressed through
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the hollow leg out and will splash onto the outside of the
container and the floating roof. One serious consequence
is that liquid thrown onto the roof can enter the roof drain
system.

Summary of the Invention

[0004] Object of the invention is to provide a floating
roof that is resistant to ballooning and, thus, can reliably
avoid splashing liquid onto the container. The object is
solved by a pressure relief valve according to independ-
ent claim 1. Further preferred embodiments are depicted
in the dependent claims.

[0005] According to the invention, pressure relief valve
for external floating roofs for containers storing liquids,
comprising a down pipe for guiding liquid into the con-
tainer, a riser pipe, preferably arranged adjacent to the
down pipe, through which fluids can enter the pressure
relief valve and a deflection pipe that is connected to the
riser pipe and the down pipe and guides fluids rising in
the riser pipe to the down pipe, wherein the down pipe
extends further downwards than the riser pipe, wherein
the pressure relief valve further comprises a flame ar-
rester device through which gas escapes into the envi-
ronment. By this construction, the gas in the container
will escape earlier when the down pipe is still within the
liquid, thus weakening the falling force of the floating roof
when the pressure is relieved. Additionally, since the flow
of the fluids (gas and oil) will travel through the riser pipe
and come down via the down pipe, the deflection pipe
slows down the fluids and decrease the pressure of the
fluids flowing through the pressure relief valve. And final-
ly, the flame arrester device avoids the occurrence of a
flame backlash when gas released by the pressure relief
valve into the environment catches fire somehow.
[0006] The flame arrester device is preferably formed
as a cage with a porous filler material or is formed as a
sieve. Furthermore, the pores of the flame arrester device
preferably have a size of at least Tmm, more preferable
1.5mm or 2mm and have a size of at most 5mm, more
preferable 3mm, 2.5mm or 2mm. With such a construc-
tion, ignited gas on the outside of the flame arrester de-
vice will not be able to enter the pressure relief valve.
[0007] In one embodiment, the flame arrester device
comprises a flange. This is a simple way of fixing the
flame arrester device reliably on the pressure relief valve
while simultaneously enabling a very easy mounting and
de-mounting operation. Another easy to use fixation of
the flame arrester device is by clamping it by means of
a flange of the deflection pipe and the down pipe. In this
way, the flame arrester device is simply clamped be-
tween the deflection pipe and the down pipe and can be
constructed very simple.

[0008] Preferably, the flame arrester device is ar-
ranged between the deflection pipe and the down pipe.
It can also be part of the deflection pipe or the down pipe,
but the ideal spot for the gas release is at the end of the
deflection pipe, when the fluids are slowed down and



3 EP 3 718 926 A1 4

start entering the down pipe.

[0009] Preferably, the down pipe comprises a tapered
portion, in particular at its uppermost portion, where the
fluids are entering the down pipe. This eases the intro-
duction of the fluids into the down pipe.

[0010] In one embodiment, the riser pipe encloses the
downpipe, so that between the down pipe and the riser
pipe is a circumferential gap. This provides a compact
and tight construction for saving space. Furthermore, it
is easy to adjust the gap size of the riser pipe by choosing
different thicknesses for the down pipe. This can also be
done by using a further separation pipe between the riser
pipe and the down pipe, in particular one that is connect-
ed to the down pipe.

[0011] One use of the invention is a container for stor-
ing flammable liquids that comprising a floating roof hav-
ing one or more gas relief valves according to one or
more of the preceding claims. These gas relief valves
are preferably provided in a centre region of the floating
roof. Since the gas bubble will travel towards the centre,
this is the ideal place for the valve to be placed.

Brief Description of the Figures

[0012]
Fig. 1 shows a floating roof in the top of a container;

Fig. 2 shows a pressure relief valve according to the
invention;

Fig. 3a shows a flame arrester device in a axial sec-
tion; and

Fig. 3b shows the flame arrester device of Fig. 3ain
a cross section.

Preferred embodiments of the Invention

[0013] In the following, the terms "up", "down", "left"
and "right" are used in relation to Figure 2 if not otherwise
mentioned. Furthermore, the terms "axially", "radially"
and "circumferentially" refer to the respective pipe it is
used for. "Axially" is a direction along the pipe, "radially"
a direction perpendicular to it and "circumferentially" is
around the pipe.

[0014] Figure 1 shows a floating roof 30 supported on
the top of a container 40 storing liquid 42. Several sup-
porting legs 32 are distributed around the circumferential
edge portion of the floating roof 30. These supporting
legs 32 serve to support the roof when the liquid level in
the container 40 is low. Then they are standing on the
bottom of the container 40 and carry the weight of the
floating roof 30. The supporting legs 32 are usually built
hollow. A pressure relief valve is arranged in the centre
of the floating roof 30 where the gas 44 will gather at first.
Generally, the valve can be provided anywhere in the
floating roof, possibly even in the container 40 itself if
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there is a suitable place, but the best location is in the
centre portion of the floating roof 30.

[0015] The pressure relief valve 10 is shown in Figure
2. Basically, the valve 10 comprises a, a riser pipe 12
deflection pipe 18, a down pipe 20 and a flame arrester
device 26. The floating roof is merely shown schemati-
cally in Figure 2. The riser pipe 12 extends a shorter way
into the container 40 than the down pipe. In this way,
since the gas bubble 44 generated in the container 40 is
always floating on top of the liquid 42, it will automatically
escape through the riser pipe 12 and never through the
down pipe 20. The down pipe 20 and the riser pipe 12
can be arranged in any way on the floating roof 30. How-
ever, when the riser pipe and the down pipe are not ar-
ranged adjacentto each other, the length of the two pipes
must be adjusted accordingly so that the gas always en-
ters the riser pipe 12 first. The main condition is that the
riser pipe is provided in a way that the gas in the tank will
preferably they are arranged at least adjacent to each
other. The most preferred arrangement is shown in Fig-
ure 2, in which the riser pipe 12 is encompassing the
down pipe 20 coaxially.

[0016] Theriserpipe 12 and the down pipe 20 are con-
nected via a deflection pipe 18. The deflection pipes 18
main purpose is to slow down the speed with which the
fluids (gas and liquid) that are flowing through the pres-
sure relief valve 10. When the fluids are slowed down,
the gas can escape via a flame arrester device 26 and
the liquid enters the down pipe 20 and flows back into
the container 40.

[0017] The flame arrester device 26 is shown in Fig-
ures 3a and 3b. In the present embodiment, it is a mere
sleeve in which the circumferential wall can be formed
as amesh or a sieve. Other embodiments of such a flame
arrester device can be a cage that is filled with metal
chips or other material that leaves small holes within the
circumferential wall of the flame arrester device 26. The
pores in the flame arrester device 26 preferably have a
size of at least 1mm, more preferable 1.5mm or 2mm
and have a size of at most 5mm, more preferable 3mm,
2.5mm or 2mm. The wall of the flame arrester device has
a thickness between 20 and 30 mm.

[0018] In Figure 2, the flame arrester device 26 is lo-
cated between the end of the deflection pipe 18 and the
beginning of the down pipe 20. The flame arrester device
can be fixed by welding, but the preferred means of fixing
it via a flange. The flange can be part of the flame arrester
device 26 itself and itis then screwed onto the end flange
19 of the deflection device 18 and the upper flange 25 of
the down pipe 20. In a simpler version, the end flange 19
and the upper flange 25 are screwed together and fix the
flame arrester device 26 by pressure. Furthermore, at
least one of the end flange 19 and the upper flange 25
can have a stopper in form of a step that is formed in at
least a part of its circumference so that the flame arrester
device is secured against a radial displacement.

[0019] The specific embodiment of Figure 2 is now de-
scribed in more detail. The riser pipe 12 is fixed to the
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floating roof via a flange 14 and the roof flange 34. The
riser pipe 12 is encompassing the down pipe 20 which
is placed in particular coaxially within the riser pipe. A
tapered portion 28 is formed on the top portion of the
down pipe 20 to ease the flow of the liquid into the down
pipe 20. The down pipe 20 can be formed thicker, for
example 5 mm - 15mm to tighten the gap between the
riser pipe and the down pipe. Another way to reduce the
area through which the fluids can escape through the
riser pipe is an additional middle pipe 16 that can be
welded or otherwise being fixed to the top part of the
down pipe 20, in particular to the tapered portion 28. The
fixing is not carried out gapless, so that gas and/or liquid
caught in between the down pipe and the middle pipe
can escape.

[0020] The deflection pipe 18 comprises several bent
portions 17 by which the fluid in the riser pipe 18 is slowed
down since it loses energy by being deflected on the pipe
walls. Here, there are three bent portions 17 with a de-
flection angle of about 90° degree. The first deflection is
carried out by guiding the fluids into the deflection pipe
that is arranged in a radial direction of the riser pipe 12.
The deflection pipe 18 can simply be plugged onto a re-
spective pipe extension 15 of the riser pipe, but can also
be welded to or screwed onto the riser pipe.

[0021] In action, the pressure relief valve is fixed in the
centre portion of the floating roof 30. The riser pipe 12
and the down pipe 20 are extending into the liquid 42.
Then, the gas appears and starts to build a gas bubble
until the bottom end 11 of the riser pipe 12 is raised into
the gas bubble. The gas will suddenly escape through
the riser pipe 12 and the floating roof will relax and fall
down onto the liquid 42, thereby pressing also liquid into
the riser pipe 12. The fluid (gas and liquid) will be pushed
upwards through the riser pipe 12 and will be deflected
into the deflection pipe 18. By repeated reflection in the
bent portions 17, the fluid slows down and eventually
enters the flame arrester device. Since the speed of the
gas and the liquid is now low enough, the gas will escape
through the pores of the flame arrester device 26, while
the liquid is too heavy, falls down into the tapered portion
of the down pipe 20 and is guided back into the container
40. In this way, none of the liquid pressed into the pres-
sure relief valve can escape the container 40 and pollute
the floating roof 30 on the outside.

Reference signs
[0022]

pressure relief valve 10
riser pipe bottom end 11
riser pipe 12

flange 14

pipe extension 15
middle pipe 16
deflection pipe 18

bent portions 17
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flange 19

down pipe 20
upper flange 25
flame arrester device 26
tapered portion 28
floating roof 30
supporting legs 32
roof flange 34
container 40

liquid 42

gas 44

Claims

1. Apressure relief valve (10) for external floating roofs
(30) for containers storing liquids, comprising
a down pipe (20) for guiding liquid into the container;
and
a riser pipe (12) through which fluids can enter the
pressure relief valve;
characterized in that
a deflection pipe (18) that is connected to the riser
pipe (12) and the down pipe (20) and guides fluids
rising in the riser pipe (12) to the down pipe (20),
wherein the down pipe (20) extends further down-
wards than the riser pipe (12), wherein the pressure
relief valve further comprises a flame arrester device
(26) through which gas escapes into the environ-
ment.

2. A pressure relief valve (10) according to claim 1,
wherein the flame arrester device (26) is formed as
a cage with a porous filler material or is formed as a
sieve.

3. Apressure relief valve (10) according to one or more
of the preceding claims, wherein the flame arrester
device (26) comprises a flange.

4. A pressure relief valve (10) according to one or more
of the preceding claims, wherein the flame arrester
device (26) is arranged between the deflection pipe
(18) and the down pipe (20).

5. Apressure relief valve (10) according to one or more
of the preceding claims, wherein the flame arrester
is clamped by means of aflange (19) of the deflection
pipe (18) and the down pipe (20).

6. A pressure relief valve (10) according to one or more
of the preceding claims, wherein the down pipe (20)
comprises a tapered portion.

7. Apressure relief valve (10) according to one or more
of the preceding claims, wherein the pores of the
flame arrester device (26) have a size of at least
Tmm.
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A pressure relief valve (10) according to one or more
of the preceding claims, wherein the riser pipe (12)
encloses the downpipe, so that between the down
pipe (20) and the riser pipe (12) is a circumferential
gap.

A pressure relief valve (10) according to claim 8,
wherein between the riser pipe (12) and the down
pipe (20) is provided a further separation pipe, in
particular connected to the down pipe (20).

A container (40) for storing flammabile liquids, com-
prising a floating roof (30) having one or more pres-
sure relief valves (10) according to one or more of
the preceding claims.
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