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MICRO-GRAVITY GENERATING DEVICE

The present invention refers to a micro-
gravity generating de&ice.

Devices are known in the art that are able to
generate a micro-gravity condition for a solvent
contained inside a flow chamber: examples of such
devices - are disclosed in EP2265708,‘ RU2355751,
UsS20110027880, W02008073348, U52010120136.: Such‘
deviées belonging to the prior art obtain the
micro-gravity qonditions by means of ' rotary
cémponents handled‘by actuators. The pfesence_of
such rotary components however ‘has' some
inconveniences.

In fact, the presence of complex interfaces
for coupling rotary compone;ts creates problems in
keeping sterility, in application where this is
necessary, favouring the occurrence of sources of
pollution.

Moreover, the presence of rotary components
requires the use of moving couplings between pipes

and flow chamber in order to perform the fluid re-
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circulation, consequently increasing both the
difficulties in designing and assembling and the
construction costs.

Moreover, known generating devices require a
current supply necessary for handling the rotary
components.

Document RU-C1-2 355 752 discloses a device
according to the preamble of Claim 1.

Therefore, object of the present invention is
solving the above prior art problems by broviding a
device able to generate micro—gravity even if there
are no rotary components.

'Another object of the present invéntion is
providing a passive micro-gravity generating device
able to exploit a fluid-dynamics inside a flow
chamber with an optimised geometry to = generate
micro-gravity at low'costs.-

The above and other objects and advantages of
the invention, as will appear from the following
description, are obtained with a micro-gravity
generating device as described iﬁ claim 1.

Preferred embodiments and non-trivial
variations of the present invention are the subject
matter of the dependent claims.

It is intended that the claims are an integral

PCT/IT2012/000090
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part of the present specification.

It mill be immediately obvious that numerous
variations and modifications (for example related
to shape, sizes, arrangements and parts with
equivalent'functionality) can me made to what is
described, without departing from the seope of the
iﬁvention as appears from the enclosed claims.

The present invention will be better described
by some preferred embodiments thereof, provided as
a non;limiting example, with reference to the
enclosed drawings, in which:

- Figure 1 shows a side sectional view of a
preferred embodiment of the micro-gravity
generating device .according to the preeent
invention in a first operating position thereof;

- Figure 2 shows a side sectional view of a
preferred .. embodiment of the micro-gravity
generating device according ﬁo the present
invention in a second operating position thereof;

- Figure 3 shows an axial—symmetrical discrete
2D computational simulation of the micro-gravity
generating device according to the present
invention;

- Figure 4 shows a colour-metric map of the

fluid speed values inside the micro-gravity

PCT/IT2012/000090
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generating device according to the present
invention;

- Figure 5 shows a colour-metric map 'df the
fluid vortex wvalues .inside the micro-gravity
generating device according to the present
invention; and |

- Eigure 6 shows a colour-metric map of the
fluid deformation speed values inside the micro-
gravity generating device according to the present
invention.

In general, the device according to the
present inventioﬁ is adapted to generate micro-
gravity <conditions in systems 1in which it is
necessary preferably to perform perfusion or fluid
re-circulation sﬁéh as, for example, bio-reactors.
For such purpose, as will be described below in
more detail, the device according to the present
invention éomprises at least one flow chamber
characterised by an internal geometry, aesigned
with the heip of information deriving from in
silico studies, adapted to produce the detachment
Qf the fluid vein from the wall of such chamber
within a certain speed range of the inlet fluid and
to generate vortexes able to keep particles with

different sizes 1in suspension, ensuring a laminar

PCT/IT2012/000090
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speed in eﬁery point of thé éhamber itself, under
cértain operating conditioné, avoiding the use of
rotary devices.

With particular reference therefore to Figures
1 and 2, it 1is possible to note that the micro-
grévity generating device 1 according to the
present invention comprises at least one flow
chamber 3 to which at least one supplying circuit
5, preferably of the hydraulic type, is connected,
adapted to supply the interior of such flow chamber
3 with at least one fluid F, such flow chamber 3
being such as to delimit, at least internally, a
volume defined by at least one lower vase 4
composed of at least one base 7 ad at least lateral
slanted walls 9,. and at least one upper cover 11,
such base 7 being connected on its perimeter to
such lateral slanted walls 9 by interposing at
least one curvilinear junction profile 13.

According to the invention, the flow chamber 3
is axial-symmetrical with respect to an axis of
symmetry S=S. Moreover, the supplying circuit 5
suppliés fluid F inside the flow chamber 3 through
at least one supplying Qpening 15 placed through
the base 7 in a coaxial position with respect to

such axis of symmetry S-S.

PCT/IT2012/000090
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Moreover, between such supplying_circuit 5 and
such internal volume of the flow ‘chamber 3,‘ at
léast one check‘vélve is interposed,-arranged'next
to such ‘supplying opéning 15. The <check valve

5 results open (as shown, for éxample, in Figure 2)
only under fluid F re-~circulation conditiéns, being
automatically closed (as shown, for example, in
Figure 1) as soon as the flow is stopped, thefeby
preventing the contents of chamber 3 from out-

10 flowing when the device 1 is inactive.

Preferably, such check wvalve comprises at
least one plunger 17 inside the internal volume of
the’ lower vase 4 and adapted to be moved vertically
and coaxially with respect to the axis of symmetry

15 S-S in order to open or close the supplying opening
15 (and therefore allow the passage of fluid F
inside the-.flow chamber 3, or not), such plunger 17
being preferably shaped as a fight circular frustum
of cone.

20 Preferably, the lateral slanted walls 9, the
base 7 and the junction profile.13 are mutually
integral and made of the same material.

‘Obviously, the device 1 according to the
present invention can be equipped with a suitable

25 ' supporting structure 19 that guarantees placement
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and necessary stability for the flow chamber 3.

Moreover, the internal volume of the flow
chamber 3 can be divided by at least one filtering
layer 21 interposed between the lower vase 4 and
the cover 11, such filtering layer being adapted to
block elements béing present inside fluid F from
occasionally flow out.

The cover 11 can further be equipped with at
lea;t'one discharge duct 12 for fluid F.

As stated, the geometry of the internal volume
of the flow chamber 3 is devised in order to favour
the occurrénce of stationary vortexes V in fluid F
(solute - solvent ~solution) supplied _by‘.the
supplying circuiﬁ 5 in order to create a micro-
grévity and mixing‘conditidn for the solute without
the help of rotary components. Advantageously

thereforé, . in order to determine the above

- geometry, the wvarious components of the flow

chamber 3 comply with characteristic dimensional
relationshipé. Therefore, given:

- A the diameter of the base 7;

-~ B the height of the iower vase 4;

- C the diameter of the’supplying opening 15;

- R the radius of cur&ature of the junction

profile 13;

PCT/IT2012/000090
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- O the

walls 9;

- B the conical angle of the plunger 17;

slanting angle

of the

lateral

PCT/IT2012/000090

slanted

- D the hollow space Dbetween the base of the

plunger 17 and the base 7 of the lower vase 4;

- E the height of the plunger 17;

- F the diameter of the base of the plunger 17,

the
obtained:
- A/B is
- A/C is
- B/C is

- R/B is

- R/A is

following dimensional

included between
included between
included between
included between

included between

0.

1

2

0.

0.

- .o is included between 40°

-~ B is included between 20°

- E/F is included between 0.

- C/F is included between 0.6 and 1.3.

Moreover,

- - D/C is included between 0.

advantageously,

4 and 0.7;
and 1.5;
and 3;

2 and 0.5;
4 and 0.8;

and 60°;

and 40°;

5 and 0.9;

05 and 0.1;

relationships are

the inlet speed of

fluid F 4inside the flow chamber 3 through the

supplying opening 15 is included between 0.05 m/s

and 0.15 m/s.

At steady state,

flow chamber 3,

fluid F is pumped inside the

through the supplying duct 5 and
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the related supplying opening 15, where, following

the vein detachment induced (and controlled) by the

slant of the side walls 9, stationary vortexes V
and hydrodynamic forces are formed, that are able
to compensafe the force of gravity and to avoid the
solute sedimentation on the bottom of the chamber
3.

Therefore, in order to study the efficiency of
the proposed geometric solution in order to obtain

the micro-gravity condition, the Applicant has

performed CFD simulations. In particular, aim of

the CFD simulations was to establish whether the
internal geometry of the flow chamber 3 is able to
ensure a homogeneous distribution of‘ the cell-
hydrogel aggregates, fluctuating inside the chamber
3 itself, in order to obtain the suspension of the
aggregates,. avoiding their sedimentation on the
chamber bottom, their packing and their collision
against the filter.

In fhe particular case of use of the device
for cellular colture on hyarogels; géometry and
dimensions both of the chamber and of the valve and
fluid inlet parameters have therefore been defined
taking into account thosé infqrmation obtained from

the performed Computational Fluid—Dynamic (CFD)

PCT/IT2012/000090



WO 2012/157007

10

15

20

25

Simulations.

In the particular case of use of the device
for cellular colture on hydrogels, a device 1
according to the present invention has therefore
been made and experimentally tested, with the

following characteristic dimensions:

. A =16 mm;
- B =29.5 mm;
-~ C = 12 mm;

- R = 9.95 mm;

- o =50°;

- B = 30°%
- D =1 mm;
- E = 10 mm;
- F =13 mm.

Figure 2 éhows the discrete axial-symmetrical
2D  computational simulationv of the device 1
according to the present invention, while Figures 4
to 6 propose colour-metric maps obtained‘during the
simglation tests of the above-described device 1
according to the present inveﬁtion.

The simulated fluid F is the colture fluid
(dénsity = 1006.5 kg/m3, viscosity = 1.003:107
kg/(m+s)), for which inlet speeds have been imposed

in the above-mentioned range (0.05 m/s - 0.15 m/s)

10
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that guarantees Reynolds numbers lower thah _1000
(laminar fluid condition) both in the»entry section
and in the shrinking' section downstream of the
entry (section A in Figure 3). Since the device 1
has an axial symmetry, for the computational'
simulation, it has been possible to adopt an axial-
symmetrical 2d domain. The geometry has been made
discrete with 206275 triangular célls (through the
Gambit software supplied by ANSYS Inc., and making
the simulation of Figure 3). Simulations have Dbeen
performed under stationary conditions with single-
phase flow, the outlet pressure of tHe duct 5 has
been set to a reference value and the noh—sliding
condition for the flow has beeh.set to the walls 9
(vparete = 0 m/s). The numeric results have been
obtained by solving the Navier-Stokes equation for
uncompressed fluids by means of the finished-
volumeé method, used by the' Fluent scftware
(supplied by ANSYS Inc.).

In order to evaluate the efficiency of the
device 1 in guaranteeing the micro-gravity
conditions and the possible presence of critical
shearing effort valueé for the cells, motion field
{(speed and vortex contouis) and deformation speed

(for a Newton fluid the shearing effort 1is

11
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proportional to the deformation speed by means of
the fluid viscosity multiplying consﬁant) have been
analysed.

For an inlet fluid speed equal to 0.10 m/s
(ReynoldSingesse = 400, Re, = 620) the colour-metric
maps shown in Figures 4. and 5 aré obtained, in
which Figure 4 shows the colour-metric map of the
speed values and Figure 5 shows the colour-metric
map of the vortex values.

Observing Figures 4 and 5, it ié then possible
to note that a vortex is forméd, following the
fluid vein detachment from the wall 9, that allows
keeping ‘in suspension particles with different
sizes{ avoiding the use of rotary devices.

The fluid vein detachment brings about the
fqrmation of a great vortex struéture that is able
to compensate, with the hydrodynaﬁic forces that
are generated in the bio-reactor, the force of
gravity Vacting on the hydrogels, avoiding their
sedimentation. Such vein detachment, that brings
about the vortex formation, 1is guaranteed through
the appropriate sizing of the chamber 3, in
particular by the slanting of the side wall and the
curvature of the junction profile with the base of

the lower vase: at steady state, the profile

12
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curvature and the chamber wall slanting allow the
inlet fluid, having a fiuid—dynamic strﬁcture-
shaped as a jet, to rise along the side wall till
the fluid vein detachment from the wall with the
following formation of the above vortex due to an
inertia effect.

Moreover, 1in order to evaluate the possible
presence of critical shearing effort values for the
cultivated cells ‘(critical value due to cellular
damage = 2 Pa), the deformation épeed distribution
has beeﬁ analysed, as shown 1in Figure 6. By
multiplying the maximum value of the deformation
speed, present in the area where there are cells,
due to the fluid viscosity it is possible to obtain
the maximum value of the shearing effort (0.6 Pa),
that is much lower than the critical value.

From the obtained results, the adopted
geometric solutionvand the speed value imposed as
inlet to the fluid thereby allow the device 1
according to the present invention to obtain a
micro-gravity condition, with non-critical shearing
effort values for thg cells being present inside
the chamber.

The device 1 according to | the present

invention further allows obtaining the following

13
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advantages:

- the absence of rotary components removes the
need of moving'couplings between pipes and chamber
in order to perfbrm the' fluid re-circulation,
lowering both design and assgmbling difficultieé
and building costs;

- the absence of complex interfaces fo£ coupling
rotary components reduées the problems of keeping"
the sterility, in applicatioﬁs where this 1is
necessary, favouring a design without pollution
sources;

- the device»l is devised in such a way as to
ensure a laminar fluid-dynamic state in any point
of the chamber 3, ensuring thereby a toleiable_
level of shearing efforts from living cells, in the
application where this is required;

- the device 1 has easily scaléble dimensions;
possibly alléwing to strongly reduce the overall
sizes also due to the absence.of rotary actuators,
this allowing to use the device without problems,
for example, like bio-reactor  for tissue

engineering, making it able to be easily inserted

inside commercial incubators 1like those commonly

used for cellular growths;

- the device 1, operating in .series with the

14
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other devices, does not require other enérggy

sources to obtain the micro—gravity condition for

the solute.

- 15
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CLAIMS

1. Micro-gravity generating device (1) comprising
at least one fiow chamber (3) to which ét least one
supplying circuit (5) is connected,‘ adapted to
supply an interior of said flow chambér‘(B) with‘at
least one fluid (F), and at least one uppéf coﬁer
(11), characterised in tﬁat:

said flow chamber (3) ‘delimits at least
internally a volume defined by at least one lower
vase {(4) composed of at least one base (7) and at
least‘lateral slanted wails (9),

said base (7) is connected on its perimeter to
said lateral slaﬂted wallé (9) by interposing at
least one curvilinear junction profile (13),

séid flow chamber (3) 1is axial-symmetrical
with respect to an axis of symmetry (S¥S),

said supplying circuit (5) is adapted to
supply said fluid (F) inside said flow chamber (3)
through at least one supplying opening (15) placed
through said base (7) in a coaxial position with
respect to said axis of symmetry (S-S).
2. Micro-gravity generating device (1) according to
claim 1, characterised in that between said
supplying circuit - (5) and said ihternal volume of

said flow chamber (3), at least one check valve is

16
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interposed, arranged next‘to said supplying opening
(15) . |
3.Micro~g£avity-generating device (1) according to
claim 2, characterised in that said check‘ valve
‘comprises at least one plunger (17) inside said
internal volume of said lower vase (4) and adapted
to be moved vertically and coaxially to said axis
of symmetry (S-S) in order to open or close said
supplying' opening (15),‘ said plunger (i7) being
preferably shaped as a right circular frustum of
cone. |

4. Micro-gravity generating device (1) according to
claim 2, characterised in that said internal volume
of said flow chaﬁber (3) is divided by at least one
filtering layer (21) interposed between said lower
vase (4) and said cover (11).

5. Micro-gravity generating device (1) according to
any one of the previous claims, characterised in
that, let A be the diameter of said base (7), B the
height of said lower vase (4), C the diameter of
said supplying opening (15), R the radius of

curvature of said djunction profile (13), « the

slanting angle of said lateral slanted walls (9), B
the conical angle of said plunger (17), D the

hollow space between a base of said plunger (17)

17
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and said base (7) of said lower vase (4), E the
height of said plunger (17), f the diameter of said
base of said plunger (17), A/B is included between
0.4 and 0.7, A/C is included between 1 and 1.5, B/C
5 is' included between 2 and 3, R/B is‘ included
between 0.2 and 0.5, R/A 1is included between 0.4
and 0.8, d is ihciuded between 40° and 60°, B is
included between 20° and 405, E/F is included
between 0.5 and 0.9; D/C 1is included between 0.05
10 and 0.1, C/F is included between 0.6 and 1.3.
6.Micro—gravity generating device (1) according to
any one of the previous claims, characterised in
that said fluid (F) is adapted to enter inside said
flow chamber (3) through said supplying .opening
15 (15) with an inlet speed included between 0.05 m/s

and 0.15 m/s.

18
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