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(57)  The present invention relates to a piping for
adapted thermal conductivity, comprising a central tube
and three lateral tubes arranged parallel to the central
tube, the lateral tubes being distributed radially, regularly
and concentrically about the axial axis of the central tube,
so that in a cross-sectional view each lateral tube is in
tangential contact with the central tube, the central tube

and the lateral tubes being simultaneously and jointly
covered in their path by a grout; the central tube and the
lateral tubes being made of 15% graphite and 75% of a
mixture of high-density PE-100 and EVA (ethylene vinyl
acetate), the proportion of said mixture in turn being 80%
PE-100 and 20% EVA, including, in addition to all this,
additives such as compatibilisers.
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Description
OBJECT OF THE INVENTION

[0001] The object of the present invention application
is to register a piping for adapted thermal conductivity,
which incorporates notable innovations and advantages
compared to techniques used hitherto.

[0002] More specifically, the invention proposes the
development of a piping for adapted thermal conductivity,
which, due to the particular arrangement thereof, enables
the thermal conductivity properties thereof to be quite
substantially improved in relation to other arrangements
known and used in the state of the art, while also main-
taining the good properties thereof that are required for
its installation and use.

BACKGROUND OF THE INVENTION

[0003] A large number of installed conventional geo-
thermal systems are known in the state of the art. How-
ever, the market share of this technology is still limited
by the comparatively high installation costs thereof com-
pared to air source heat pump systems.

[0004] Obtaining pipes with higher thermal conductiv-
ity would enable the installation costs of geothermal sys-
tems to be reduced, since less pipes, perforations and
materials would be required to enable the same thermal
exchange.

[0005] Likewise, PE-100 is known in the state of the
art as a material used in geothermal system applications.
The low thermal conductivity of this material has been
one of the problems to be improved in order to accelerate
the adoption and deployment of such geothermal sys-
tems.

[0006] This improved conductivity must be compatible
with other basic properties of the material to guarantee
that the handling, flexibility, resistance to pressure and
aging conditions of the material are not affected. This
difficult compromise between the properties of the ma-
terial has been the reason why no alternative material to
PE-100 has obtained wide acceptance since the begin-
ning of the implementation of geothermal systems in the
market.

[0007] The presentinvention contributes to solving the
present problem, since it enables the thermal conductiv-
ity properties thereof to be quite substantially improved
in relation to other arrangements known and used in the
state ofthe art, while also maintaining the good properties
thereof that are required for its installation and use.

DESCRIPTION OF THE INVENTION

[0008] The present invention has been developed in
orderto provide a piping for adapted thermal conductivity,
comprising a central tube and three lateral tubes ar-
ranged parallel to the central tube, the lateral tubes being
distributed radially, regularly and concentrically about the
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axial axis of the central tube, so that in a cross-sectional
view each lateral tube is in tangential contact with the
central tube, the central tube and the lateral tubes being
simultaneously and jointly covered in their path by a
grout; the central tube being made of PE-100 foamed
and the lateral tubes being made of 15% graphite and
75% of ablend of high-density PE-100 and EVA (ethylene
vinyl acetate), the proportion of said blend in turn being
80% PE-100 and 20% EVA, including, in addition to all
this, additives such as compatibilisers.

[0009] Preferably, in the piping for adapted thermal
conductivity, the resulting density is greater than 950
kg/m3.

[0010] Preferably, in the piping for adapted thermal

conductivity, the melt flow rate of the conductive com-
poundisless than orequalto 0.5 gr/600s (at 190°C, 5Kg).
[0011] Preferably, in the piping for adapted thermal
conductivity, the longitudinal shrinkage is less than or
equal to 0.3 mm/m/°C (£3%).

[0012] Preferably, in the piping for adapted thermal
conductivity, the oxidation induction time is greater than
20 minutes.

[0013] Preferably, in the piping for adapted thermal
conductivity, the elongation at break is greater than
350%.

[0014] Preferably, in the piping for adapted thermal
conductivity, the resistance to internal pressure at 20°C
is greater than 100 hours.

[0015] Preferably, in the piping for adapted thermal
conductivity, the resistance to internal pressure at 80°C
is greater than 165 hours.

[0016] Alternatively, the piping for adapted thermal
conductivity results from the use of large-scale single
screw extruder, conventional extrusion line for the extru-
sion of polyethylene pipes and prior to pipe extrusion,
melt compounding technology using a co-rotating twin-
screw extruder used for the preparation of the conductive
compound.

[0017] One of the basic objectives of the piping for
adapted thermal conductivity of the presentinvention has
been to develop a material that guarantees a good ade-
quate compromise between the improved conductivity
and the remaining properties of installation and use
thereof, after performing assays of different configura-
tions and conditions and to demonstrate its superior per-
formance.

[0018] The piping for adapted thermal conductivity of
the present invention, in its different assays, has shown
thatitis functional and meets higher efficiency objectives.
Accordingly, the proposed invention has entailed a de-
velopment of certain geometric configurations for which
the new features of the piping for adapted thermal con-
ductivity of the present invention enable further improve-
ments. This is the case of the coaxial configuration there-
of, which incorporates three lateral high conductivity
tubes and one inner low conductivity tube as fluid return.
[0019] Due to the present invention, it quite substan-
tiallyimproves the thermal conductivity properties thereof
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in relation to other arrangements known and used in the
state ofthe art, while also maintaining the good properties
thereof that are required for its installation and use.
[0020] As a result of all this, a reduction in the instal-
lation costs of geothermal systems of around 6% can be
achieved just by taking into account the piping material,
a reduction between 6% and 20% if the thermal conduc-
tivity of the grout formulation and the distances between
the pipes are further optimised, and finally of more than
20% if the new materials are combined within the new
configuration defined by the piping for adapted thermal
conductivity of the present invention, i.e., with the "tri-
lobed" arrangement thereof that makes optimal use of
high and low conductivity polymers.

[0021] Other features and advantages of the piping for
adapted thermal conductivity object of invention will be-
come apparent from the description of a preferred, but
not exclusive, embodiment, which is illustrated by way
of non-limiting example in the accompanying drawings,
wherein:

BRIEF DESCRIPTION OF DRAWINGS
[0022]

Figure 1 is a schematic view of different cross sec-
tions of pipes known in the state of the art.

Figure 2 is a schematic view of a cross section of a
preferred embodiment of the piping for adapted ther-
mal conductivity of the present invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0023] As Figure 1 schematically shows, the ge-
ometries known in the state of the artfor heat exchangers
can be grouped into two basic patterns, U-tube and co-
axial, and the latter is subdivided into simple coaxial,
complex coaxial and helical.

[0024] Double U-tube heat exchangers can be opti-
mised, and the coaxial heat exchanger may offer good
potential for efficiency improvement.

[0025] High thermal conductivity pipes developed and
tested in U-tube and double U-tube heat exchanger con-
figurations show increased system efficiency.

[0026] In the specific case of coaxial geometry, the ef-
ficiency of the system is greatly improved by combining
low thermal conductivity pipes (thermal insulating pipes)
with high thermal conductivity pipes, both simple coaxial
and complex specific coaxial designs.

[0027] More particularly, the usual pipes for U-pipe and
double-U-pipe configurations in geothermal applications
are made of high-density polyethylene (HDPE). The
standard grade of HDPE, widely used for these applica-
tions, is called PE-100. This material provides the flexi-
bility, resistance to impact, and resistance to scratching
required for pipe coiling and to withstand the operations
involved in the installation thereof. A standard PE-100
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pipe shows a thermal conductivity of approximately 0.4
W/mK.

[0028] Moreover, conductive carbonaceous fillers
such as graphite and graphene find wide application due
to their favorable combination of properties such as low
friction, chemical inertness, absence of inherent abra-
siveness, high thermal conductivity, thermal stability and
electrical conductivity, among others. These properties
are a consequence of the particular morphology thereof
and of the way in which the carbon atoms are bonded.
[0029] According to the invention itself, the piping for
adapted thermal conductivity of the proposed invention
comprises a central tube 1 and three lateral tubes 2 ar-
ranged parallel to the central tube 1, as can be schemat-
ically seen in the cross-sectional view of Figure 2.
[0030] The lateral tubes 2 are distributed radially, reg-
ularly and concentrically about the axial axis of the central
tube 1, so that each lateral tube 2 is in tangential contact
with the central tube 1, with a "tri-lobed" arrangement, as
can be seen in the cross section of Figure 2.

[0031] The central tube 1 and the lateral tubes 2 are
simultaneously and jointly covered in their path by a grout
3.

[0032] The central tube 1 being made of PE-100
foamed and the lateral tubes 2 are made of 15% graphite
and 75% of a blend of high-density PE-100 and EVA
(ethylene vinyl acetate), the proportion of said blend in
turn being 80% PE-100 and 20% EVA, including, in ad-
dition to all this, additives such as compatibilisers.
[0033] In the proposed invention, the combination of
an optimised amount of expanded graphite with other
additives such as compatibilisers (based on grafted
maleic anhydride polyolefins and grafted epoxy group
polyolefins), fluidisers and elastomeric polymers such as
ethylene vinyl acetate (EVA), has led to a high thermal
conductivity compound that is suitable for plastic pipe
extrusion processes with a melt flow rate (MFR) between
0.2 and 0.3 g/600s (190°C, 5Kg) thermal conductivity in
the range of 0.86 and 1.0 W/mK and modulated mechan-
ical properties, specifically bending and impact proper-
ties.

[0034] Furthermore, the piping for adapted thermal
conductivity of the present invention results from the use
of large-scale single screw extruder, conventional extru-
sion line for the extrusion of polyethylene pipes. Prior to
pipe extrusion, melt compounding technology using a co-
rotating twin-screw extruder, was used for the prepara-
tion of the conductive compound.

[0035] The piping for adapted thermal conductivity of
the present invention improves one of the two key pa-
rameters that affect the performance of arrangements of
this type: ground conductivity and borehole thermal re-
sistance called Rb. In particular we aim at reducing Rb
substantially.

[0036] The Rb value results from the combination of
the thermal resistances present in the system: fluid-pipe,
pipe-grout and resistance of the borehole configuration
itself (which depends, among other things, to a large ex-
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tent on the distances between pipes or the space be-
tween the pipe legs).

[0037] A reduction of Rb makes it possible to reduce
the resistance of the thermal exchange between the
ground and the temperature of the pipe inside the heat
transfer fluid in a heat pump.

[0038] The piping for adapted thermal conductivity of
the invention has a notable impact on the improvement
of Rb. This means that due to the piping for adapted
thermal conductivity of the proposed invention, with the
"tri-lobed" arrangement thereof and arrangement of ma-
terials used, reductions of up to 40% in the required
length and resistances of the exchanger well are
achieved in comparison with the values known in the
state of the art.

[0039] The piping for adapted thermal conductivity of
the proposed invention provides the advantage of an in-
crease in the thermal conductivity of the pipe, thus solving
the technical problem of increasing the performance of
heatexchange in a geothermal system, while maintaining
certain physical properties such as strength, flexibility,
and durability.

[0040] The plastic formulation developed in the piping
for adapted thermal conductivity of the proposed inven-
tionis athermoplastic compound of different components
that enables the thermal conductivity of the Polyethylene
PE-100 normally used in shallow geothermal energy to
be substantially increased.

[0041] The formulation used in the piping for adapted
thermal conductivity of the proposed invention enables
the reference conductivity value of PE-100 to be in-
creased from 0.4 W/(mK) to a contrasted value of around
1.0 W/(m.K), thus substantially increasing the perform-
ance of the geothermal exchange. Moreover, the geo-
metrical and material configuration allows to limit the heat
transfer (known as thermal bridge) between the lateral
tubes and the central tube, thus additionally increasing
the efficiency of the heat exchanger. At the same time,
the developed mixture enables the main mechanical fea-
tures that are essential for handling these pipes to be
maintained, such as flexibility, impact index and durabil-
ity, among others.

[0042] PE-100-based thermoconductive compounds
were developed by combining the PE matrix with different
amounts of expanded graphite, showing thermal conduc-
tivities of 1.0-1.2 W/mK.

[0043] The details, shapes, dimensions and other ac-
cessory elements, as well as the materials used to man-
ufacture the piping for adapted thermal conductivity of
the invention, may be suitably substituted for others
which are technically equivalent and do not diverge from
the essential nature of the invention, nor the scope de-
fined by the claims included below.

Claims

1. A piping for adapted thermal conductivity, charac-
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terised in that it comprises a central tube (1) and
three lateral tubes (2) arranged parallel to the central
tube (1), the lateral tubes (2) being distributed radi-
ally, regularly and concentrically about the axial axis
of the central tube (1), so that in a cross-sectional
view each lateral tube (2) is in tangential contact with
the central tube (1), the central tube (1) and the lat-
eral tubes (2) being simultaneously and jointly cov-
ered in their path by a grout (3); the central tube (1)
being made of PE-100 foamed and the lateral tubes
(2) being made of 15% graphite and 75% of a blend
of high-density PE-100 and EVA (ethylene vinyl ac-
etate), the proportion of said blend in turn being 80%
PE-100 and 20% EVA, including, in addition to all
this, additives such as compatibilisers.

The piping for adapted thermal conductivity accord-
ing to the preceding claim, wherein the resulting den-
sity is greater than 950 kg/m3.

The piping for adapted thermal conductivity accord-
ing to claim 1, wherein the melt flow rate of the con-
ductive compoundis less than orequal to 0.5 gr/600s
(at 190°C, 5Kg).

The piping for adapted thermal conductivity accord-
ing to claim 1, wherein the longitudinal shrinkage is
less than or equal to 0.3 mm/m/°C (<3%).

The piping for adapted thermal conductivity accord-
ing to claim 1, wherein the oxidation induction time
is greater than 20 minutes.

The piping for adapted thermal conductivity accord-
ing to claim 1, wherein the elongation at break is
greater than 350%.

The piping for adapted thermal conductivity accord-
ingtoclaim 1, wherein the resistance to internal pres-
sure at 20°C is greater than 100 hours.

The piping for adapted thermal conductivity accord-
ingtoclaim 1, wherein the resistance to internal pres-
sure at 80°C is greater than 165 hours.

The piping for adapted thermal conductivity accord-
ing to any of the preceding claims, resulting from the
use of large-scale single screw extruder, extrusion
line for the extrusion of polyethylene pipes, and prior
to pipe extrusion, melt compounding technology us-
ing a co-rotating twin-screw extruder used for the
preparation of the conductive compound.
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