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(54) Convection barrier

(57) A convection barrier (2) for a freezer (1) com-
prises a plurality of individual flaps (20) arranged one
above the other in a manner such as to be capable of
forming a closed curtain of individual flaps (20), with each
individual flap (20) extending over a predetermined width
corresponding at least to the width of the interior of the
freezer and being pivotable (5) between a closed position
and an open position so as to allow access to the interior
of the freezer when the flap (20) is in the open position,
and

actuation means (24,240) attached to the individual flaps
(20) for allowing an actuator (40.400) to engage the ac-
tuation means (24,240) of an individual flap (20) so as to
pivot (5) the said flap (20) between the closed position
and the open position.
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Description

[0001] The present invention relates to a convection
barrier in accordance with the features of claim 1, and to
a freezer comprising such convection barrier.

[0002] In clinical studies a wide variety of assays can
be carried out to answer questions related to diagnosis
(e.g. biomarker), treatment (e.g. efficacy of a drug) and
prevention of diseases.

[0003] Large sample collections of biological samples
can be established e.g. within the context of clinical stud-
ies. Such biological samples can be e.g. blood samples
(whole blood, plasma, serum), urine samples, tissue
samples, or samples containing cells (e.g. primary cells,
stem cells), proteins, DNA, RNA (RNAi, mRNA), or anti-
bodies.

[0004] Anautomated facility for storing biological sam-
ples at-80°C is used in the UK biobank and is described,
for example, in the article "Designing and implementing
a largescale automated -80°C archive" by Justin M.
Owen and Peter Woods, published in the International
Journal of Epidemiology 2008; 37: i56-i61 (doi:
10.1093/ije/dym293). The store described therein com-
prises a system of drawers arranged in a manner so as
to form a shelf, which allows robotic access to the bio-
logical samples whilst maintaining storage conditions.
The drawers can be opened individually by the robot pull-
ing the respective drawer outwards so as to allow access
to the interior of the drawer where the biological samples
are stored.

[0005] However, this system has some disadvantag-
es. Firstly, at its front surface each drawer is provided
with a block made of styrene in a manner such that the
styrene blocks of adjacently arranged drawers abut
against one another. Upon opening an individual drawer
by pulling the said drawer outwardly, this does inherently
bear the risk that an adjacently arranged drawer is also
pulled out although this is not intended and may cause
an unwanted temperature rise of the stored samples. Al-
so, the small but continuous leakage of cold air (or cold
nitrogen) at the butt faces of adjacent styrene blocks is
in total comparatively high, since the - 80°C storage com-
partments do not have front doors permitting a tight sep-
aration of the -80°C areas from the -20°C areas in the
system.

[0006] Cooling of a complete humidity controlled room
for storing biological samples as described above to
about -80°C (or below) is generally feasible. However,
at said temperatures standard handling devices, such as
for example robots, usually do not work properly. There-
fore, particularly for long-term storage of biological sam-
ples, specific -80°C freezers are typically used.

[0007] Such freezers for long term storage of samples
usually have a tight and thermally insulating door which
separates the environment outside the freezer from the
-80°C interior of the freezer. In a so-called "robotic store",
a plurality of such freezers is arranged in a -20°C room
as well as a robot for taking the samples out of the re-
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spective freezer. As mentioned above, the robot cannot
be arranged in a -80°C environment, since this simply is
not economically feasible in such an environment, and
in addition maintenance of the robot would be difficult
then. Instead, the robot is arranged outside the freezers
in the -20°C environment where it is capable of working
properly. However, particularly with conventional upright
standing freezers certain problems may arise. Firstly, up-
on having opened the door in order to allow the robot to
access the interior of the freezer, the -80°C cooled air
flows out of the interior of the freezer while at the same
time -20°C air flows from the environment into the interior
of the freezer thus leading to a rise in temperature and
humidity within the freezer. This is all the more the case,
since the door of the freezer usually must remain open
for a considerable period of time until the desired sample
(oranumber of samples) has been taken out by the robot.
Secondly, opening and closing of the door results in a
negative pressure inside the freezer which makes the
door extremely difficult to get opened again until the neg-
ative pressure is equalized by inflowing air, e.g. through
the sealing of the door of the freezer or through a pressure
equilibration valve in the wall of the freezer. This usually
takes a considerable period of time which may amount
up to 30 minutes, for example. In addition, the cooling
down of the - 20°C air which is more humid than the -80°C
air results in formation of ice within the freezer. Accord-
ingly, defrosting of the freezer is required more often.
[0008] Itis therefore an object of the invention to over-
come the afore-mentioned disadvantages and to suggest
suitable measures to avoid or at least greatly reduce the
above-described scenarios. Also, loss of energy should
be reduced to a minimum while at the same time frequent
access to the stored biological samples should be pos-
sible.

[0009] This objective is achieved through a convection
barrier as itis specified by the features of the independent
claim directed to such convection barrier, and through a
freezer comprising such convection barrier. Specific ad-
vantageous embodiments are specified by the features
of the dependent claims.

[0010] Inparticular, the convection barrier for a freezer
in accordance with the invention comprises:

- aplurality of individual flaps arranged one above the
other in a manner such as to be capable of forming
a closed curtain of individual flaps, with each individ-
ual flap extending over a predetermined width cor-
responding at least to the width of the interior of the
freezer and being pivotable between a closed posi-
tion and an open position so as to allow access to
the interior of the freezer when the flap is in the open
position, and

- actuation means attached to the individual flaps for
allowing an actuator to engage the actuation means
of an individual flap so as to pivot the said flap be-
tween the closed position and the open position.



3 EP 2 154 456 A1 4

[0011] The curtain formed by the individual flaps cov-
ers the opening which allows access to the freezer, so
that the -80°C air may not flow out of the freezer as the
door of the freezer is open. On the other hand, it must
be possible to get access to the desired sample or sam-
ples stored in the interior of the freezer. This can be
achived by allowing an actuator (such as a robot or a part
thereof) to open an individual flap so as to generate a
row-like opening to the interior of the freezer. Depending
on where the sample to be accessed is stored in the
interior of the freezer, only one of the flaps must be
opened so as to allow the robot to get access to the sam-
ple. Thus, outflow of -80°C air from the interior of the
freezer and inflow of -20°C air to the interior of the freezer
is prevented or at least greatly reduced. Accordingly, the
above-identified disadvantages of temperaturerise in the
interior of the freezer, generation of negative pressure
making the door of the freezer extremely difficult to open,
etc., are prevented or at least greatly reduced.

[0012] For example, the arrangement of flaps forming
the closed curtain may be achieved by arranging the flaps
in a manner such that the butt faces of adjacently ar-
ranged flaps form the tight seal when they are in the
closed position. Alternatively, and also by way of exam-
ple, the arrangement of flaps forming the closed curtain
may be achieved by arranging the flaps in a manner sucht
the the flaps at least partially overlap and form the tight
seal when they are in the closed position (similar to the
tiles of a roof).

[0013] In one embodiment of the convection barrier
according to the invention, the individual flaps are pro-
vided with a bi-stable locking means being connected to
the actuation means for releasably locking the individual
flaps in the closed or in the open position, respectively.
This embodiment is advantageous since the respective
flap can be stably locked in the open or the closed position
respectively. In a specific embodiment of the convection
barrier according to the invention, the bi-stable locking
means comprises a spring, which keeps the flap locked
inthe open or the closed position with the aid of tensioning
forces.

[0014] In a further embodiment of the convection bar-
rieraccording to the invention, at least on the edges abut-
ting or overlapping the adjacently arranged flap, lips are
attached to the individual flaps. Preferably, a lip is at-
tachedto atleast one of the edges abutting or overlapping
the adjacently arranged flap. Such lips serve a plurality
of purposes. Firstly, they further improve the seal of the
interior of the freezer. Secondly, they form a protection
for the material the flaps are made of. And thirdly, they
simplify the process of opening and closing the flap, since
the frictional coefficient of the material the lips are made
of is low. A particularly suitable material for the lips is
Teflon® (polytetrafluoroethylene).

[0015] In one embodiment of the convection barrier
according to the invention, the individual flaps are made
of glass ceramics. Glass ceramics is a material which
has only a low thermal conductivity. Thus, the interior of
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the freezer is additionally protected against the compar-
atively "high" temperatures (-20°C) outside the interior
of the freezer (where the temperature is about -80°C).
Since the glass ceramics has a very small thermal ex-
pansion coefficient, the temperature gradient perpendic-
ular to the flaps does not cause bending of the flaps which
could give rise to a leakage between adjacent flaps
[0016] As already mentioned further above, a further
aspect of the invention relates to a freezer comprising a
housing and a door, the housing having an opening al-
lowing access to the interior of the freezer through the
opening as the door of the freezer is open. The freezer
further comprises a convection barrier as it has already
been described with respect to the various embodiments
discussed above. The convection barrier is arranged
such that the opening allowing access to the interior of
the freezer is covered by the flaps of the convection bar-
rier. The advantages correspond to those already dis-
cussed above in connection with the various embodi-
ments of the convection barrier, so that they need not be
reiterated here.

[0017] Further advantageous aspects of the invention
will become apparent from the following description of
embodiments of the inveniton with the aid of the sche-
matic drawings in which:

Fig. 1 shows an embodiment of the freezer according
to the invention with an embodiment of the con-
vection barrier according to the invention
mounted thereto,

Fig. 2  shows the embodiment of the convection bar-
rier only,

Fig. 3 shows an enlarged perspective view of detail
Il of Fig. 2, and

Fig. 4  shows an enlarged side view of detail lll of Fig.
2.

[0018] Fig. 1 shows a perspective view of an embod-

iment of a freezer 1 according to the invention with an
embodiment of a convection barrier 2 according to the
invention mounted thereto, with the door of the freezer
not being shown in Fig. 1 for the sake of simplicity. Freez-
er 1 comprises a housing 10 having an opening 11 at the
front side of freezer 1. A plurality of compartments are
arranged in the interior 12 of freezer 1, in which drawers
3 carrying trays containing the stored samples can be
arranged. Also shown schematically in Fig. 1 are parts
of a robot 4 for automated access to the samples, in par-
ticular an actuator 40 for opening and closing the flaps
of the convection barrier 2.

[0019] The embodiment of the convection barrier 2 ac-
cording to the invention shown in Fig. 1 mounted to freez-
er 1 is shown in Fig. 2 prior to being mounted to freezer
1. Convection barrier 2 comprises a plurality of individual
flaps 20 mounted to an outer frame 21, with flaps 20 being
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adjacently and abuttingly arranged one above the other
so that they form a closed curtain when the flaps 20 are
in the closed position. However, in Fig. 2 two such flaps
20 are shown in the open position for the sake of better
understanding, although in practice usually only one of
the flaps 20 is in the open position at a time.

[0020] In Fig. 3 detail lll of Fig. 2 is shown in an en-
larged perspective view. In Fig. 3 one flap 20 is shown
in the open position while both the flap 20 arranged im-
mediately below the open flap 20 and the flap 20 arranged
immediately above the open flap 20 are in the closed
position.

[0021] Onthelongitudinal edges of flaps 20 which abut
the longitudinal edges of the respective adjacently ar-
ranged flaps 20 lips 22 are attached to the flaps 20. By
way of example only, lips 22 may be made of Teflon®
while flaps 20 may be made of glass ceramics such as
those offered under the trademark ROBAX® by Schott
AG, Mainz, Germany. Lips 22 serve various purposes,
for example they protect the glass ceramics of flaps 20,
they improve the thermal seal provided by the convection
barrier 2 and they simplify opening and closing of flaps
20 due to the low frictional coefficient of the Teflon® ma-
terial.

[0022] Flaps20are mountedto holders 23 which them-
selves are fixed to or are an integral part of an actuation
means 24 which allows the flap 20 to be pivoted from the
closed position to the open position and vice versa. Bi-
stable locking means in form of a spring 25 are provided
whereby flaps 20 can be locked either in the open or in
the closed position. To achieve this, one end of spring
25 is attached to a pin 26 which is fixedly mounted to
frame 21 while the other end of spring 25 is mounted to
actuation means 24.

[0023] In order to access a specific sample, that flap
20 which allows access to the respective drawer in which
the specific sample is stored in a tray must be pivoted
from the closed position (the first stable position) to the
open position (the second stable position). This is done
with the aid of actuator 40 of the robot which engages
the acutation means 24 attached to the respective flap
20. For that purpose, actuator 40 comprises a slot 400
and actuation means 24 comprises a pin 240. To perform
the pivotal movement of flap 20 indicated by double-
headed arrows 5 in Fig. 4, actuator 40 must be moved
in a manner to allow pin 240 to enter slot 400 until pin
240 is located at the closed upper end of slot 400. At that
time, actuator 40 is to perform a movement essentially
corresponding to arrow 5. This results in spring 25 being
increasingly tensioned until the pivotal movement has
passed that point in which spring 25 is tensioned to the
largest extent. Having passed this point spring 25 pulls
pin 240 towards the open position, which is the second
stable position. Robot 4 (see Fig. 1) may then pull out
the respective drawer 3 holding the tray in which the sam-
ple to be accessed is contained. It goes without saying
that once the sample has been taken out and flap 20 is
to be closed again, the process is to be performed in the
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reverse direction. In Fig. 4 the two stable positions are
shown, with the upper flap 20 being shown in the stable
open position while the lowerflap 20 is shown in the stable
closed position.

[0024] Having described specific embodiments of the
convection barrier according to the invention and of the
freezer according to the invention, the invention is not
limited to the specific embodiments described. Rather,
various modifications are conceivable without departing
from the teaching of the invention. Therefore, the scope
of protection is intended to be defined by the following
appended claims.

Claims
1. Convection barrier (2) for a freezer (1), comprising

- a plurality of individual flaps (20) arranged one
above the other in a manner such as to be ca-
pable of forming a closed curtain of individual
flaps (20), with each individual flap (20) extend-
ing over a predetermined width corresponding
at least to the width of the interior of the freezer
and being pivotable (5) between a closed posi-
tion and an open position so as to allow access
to the interior of the freezer when the flap (20)
is in the open position, and

- actuation means (24,240) attached to the indi-
vidual flaps (20) for allowing an actuator
(40,400) to engage the actuation means
(24,240) of an individual flap (20) so as to pivot
(5) the said flap (20) between the closed position
and the open position.

2. Convection barrier according to claim 1, wherein the
individual flaps (20) are provided with a bi-stable
locking means (25) being connected to the actuation
means (24) for releasably locking the individual flaps
(20) in the closed or in the open position, respective-

ly.

3. Convection barrier according to claim 2, wherein the
bi-stable locking means comprises a spring (25).

4. Convection barrier according to any one of the pre-
ceding claims, wherein at least on the edges abutting
or overlapping the adjacently arranged flap (20) lips
(22) are attached to the individual flaps (22).

5. Convection barrier according to any one of the pre-
ceding claims, wherein the individual flaps (20) are

made of glass ceramics.

6. Convection barrier accodring to any one of claims 5
or 6, wherein the lips (22) are made of Teflon.

7. Freezer (1) comprising a housing (10) and a door,
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the housing (10) having an opening (11) allowing
access to the interior (12) of the freezer (1) through

the opening (11) as the door of the freezer is open,
wherein a convection barrier (2) according to any
one of the preceding claims is arranged such that 5
the opening (11) allowing access to the interior of
the freezer (1) is covered by the flaps (20) of the
convection barrier (2).
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