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(57) ABSTRACT

A motor vehicle has a pitch axis, a frame and a plurality of
fuel cell stacks carried by the frame in respective fixed
positions relative to the frame, wherein each of the fuel cell
stacks comprises an outer casing and a plurality of fuel cells
arranged 1n series within the outer casing, with the fuel cell
stacks aligned along a rectilinear direction belonging to a
plane orthogonal to the pitch axis.
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MOTOR VEHICLE PROVIDED WITH FUEL
CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority from Italian
patent application no. 102022000023907 filed on Nov. 21,

2022, the entire disclosure of which 1s incorporated herein
by reference.

TECHNICAL FIELD

[0002] The mvention relates to a motor vehicle provided

with fuel cells, i particular fed with hydrogen to produce
clectrical energy through an electrochemical reaction with

oxygen.

PRIOR ART

[0003] Some motor vehicles have a propulsion system
based on fuel cell stacks.

[0004] A fuel cell stack 1s known as a device including a
series ol fuel cells, normally aligned along a rectilinear axis
and fed with a flow of a fuel, usually hydrogen, which passes
through all cells of the stack entering and exiting through
special inlet and outlet ports obtained on an end plate, which
1s part of an outer casing of the stack.

[0005] The cells of the stack are also passed through by a
flow of a reactant, usually oxygen, suitable to cause an
electrochemical reaction with the fuel, such that the elec-
trochemical reaction produces a flow of electrons, that 1s, an
electric current, and a waste substance.

[0006] Forexample, the waste substance 1s water when the
tuel and the reactant are hydrogen and oxygen, respectively.

[0007] Like the fuel, the reactant also enters and exits
through special inlet and outlet ports obtained on the end
plate.

[0008] The cells are all arranged 1nside the outer casing of
the stack.
[0009] The fuel and the reactant reach or are supplied to

cach of the cells through ducts extending within the outer
casing of the stack.

[0010] Each fuel cell comprises three adjacent portions,
namely an anode, a cathode, and an electrolyte.

[0011] TTypically, the anode and the cathode respectively
comprise plates with respective surfaces facing each other.

[0012] FEach of the facing surfaces defines a plurality of
channels for the fuel and the reactant, respectively.

[0013] In the most common cases, the fuel 1s supplied to
the anode channels, whereas the reactant 1s supplied to the
cathode channels.

[0014] The electrolyte 1s arranged between the faces and 1s
adapted to allow positive 1ons to pass through 1t, while
preventing the passage of electrons. Therefore, the electro-
lyte allows the fuel and the reactant to chemically 1nteract at
the surfaces facing each other but blocks the passage of
clectrons.

[0015] The cathode and the anode include respective cata-
lysts at the channel-defining surfaces, 1.e., at the respective
anode/electrolyte and electrolyte/cathode interfaces.

[0016] The anode catalyst, usually a platinum dust deposit,
promotes fuel cracking into positive 1ons and electrons.
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[0017] The cathode catalyst, usually nickel, promotes a
reaction between the positive 1ons passing through the
clectrolyte and the reactant, where the reaction produces the
waste substance.

[0018] In addition, the cathode and the anode are electri-
cally connected to each other as part of an electrical circuat.
[0019] Inthis way, the electrons pass from the anode to the
cathode via the electrical circuit, bypassing the electrolyte
and thus forming an electric current.

[0020] The electrical circuit then includes a device typi-
cally referred to as a load, which i1s configured to store
clectrical energy from the electric current passing through
the electrical circuat.

[0021] Thus, the stored electrical energy can be used by
one or more electric motors 1n the motor vehicle’s propul-
sion system, or to power other electrical devices, without
any loss of generality.

[0022] Inthe sector, the use of Tuel cell stacks 1s extremely
attractive as it allows suflicient electrical energy to be
generated for the propulsion of a motor vehicle.

[0023] Furthermore, the celectrical energy 1s possibly
obtained without producing harmiul emissions, for example
since the waste substance 1s water when the fuel and the
reactant are hydrogen and oxygen, respectively.

[0024] Generally, therefore, there 1s a need to improve the
conditions of application of fuel cell stacks in motor
vehicles.

[0025] More particularly, there 1s a need to optimize the
use of available vehicle space to allocate the fuel cell stacks
needed for propulsion.

[0026] The object of the invention 1s to meet at least one
of the above needs, preferably 1n a simple and reliable way.

DESCRIPTION OF THE INVENTION

[0027] The objectis achieved by means of a motor vehicle
as defined in claim 1.

[0028] The dependent claims define particular embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] To better understand the invention, one embodi-
ment thereof 1s described hereinatter by way of non-limiting
example and with reference to the accompanying drawings,
wherein:

[0030] FIG. 1 1s a perspective view, with parts 1n trans-
parency, of a motor vehicle according to the invention,

[0031] FIG. 2 1s a side view of a frame of the motor
vehicle 1n FIG. 1,

[0032] FIG. 3 1s a perspective view, 1n enlarged scale and
with parts removed for clarity, of a pair of fuel cell stacks of
the motor vehicle 1,

[0033] FIG. 4 1s an additional perspective view of the fuel
cell stacks 1n FIG. 3, with the outer contours visible, the
outer surfaces transparent, and the ducts further removed for
clanity compared to FIG. 3, and

[0034] FIGS. 5, 6, 7 are respective schematic sections of

one of the fuel cell stacks according to respective section
planes indicated by the lines V-V, VI-VI, VII-VII 1n FIG. 4.

Embodiments of the Invention

[0035] In FIG. 1, reference number 1 1s used to indicate a
motor vehicle as a whole, specifically a motor vehicle,
particularly a sports or racing motor vehicle.
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[0036] The motor vehicle 1 comprises a body, which 1n
turn comprises a frame 2 and a bodywork 3 supported by the
frame 2 and defining the outer surfaces of the motor vehicle
1.

[0037] The motor vehicle 1 also has an advancement
direction, whereby the frame 2 has a front portion, not
shown, and a rear portion 4.

[0038] Moreover, the motor vehicle 1 has a roll axis X,
which 1s coincident with the advancement direction or
longitudinal axis.

[0039] In addition, the motor vehicle 1 also has a pitch
axis Y and a yaw axis Z which, together with the roll axis X,
define a Cartesian reference system of the motor vehicle 1,
as 1s known 1n the sector.

[0040] During the use of the motor vehicle 1, the axis Y 1s
typically horizontal and orthogonal to the advancement
direction. The axis Z 1s orthogonal to the axes X, Y and to
the profile of the road travelled by the motor vehicle 1 1n use.
[0041] The frame 2 has a bottom 5, for example compris-
ing or defined by a tloor, which 1s adapted to face the road,
1.€., 1t faces the road during the use of the motor vehicle 1.
[0042] More precisely, the bottom 5 has a lower surface 6,
in use facing the road, and an upper surface 7 opposite to the
lower surface 6 and generally facing upwards, i use.
[0043] The bottom 5 also has an mtermediate portion 5a
and a rear portion 3b which continues from the intermediate
portion 5a extending behind it, 1.e., towards the rear of the
motor vehicle 1, according to the advancement direction.

[0044] The surface 6 has a portion 65 at the rear portion
5b.

[0045] Similarly, the surface 7 has a portion 76 at the rear
portion 5b.

[0046] Specifically, but not necessarily, the portion 55 1s

also an end or tail portion of the bottom 5 according to the
advancement direction or the axis X.

[0047] In other words, the bottom 5 ends with the portion
5b. In still other words, the portion 55 defines the tail of the
bottom 5.

[0048] The portion 36 1s preferably inclined with respect
to the portion 5a.

[0049] The inclination of the portion 55 1s defined 1n the
plane of the axes X, Z, 1.e., the plane orthogonal to the axis
Y. In other words, the portion 34 1s inclined with respect to
the portion Sa according to or along the axis X, that 1s, the
advancement direction.

[0050] The portion 35 1s inclined upwards. More precisely,
the mnclination of the portion 35 1s such that the same portion
5b forms an upward ramp irom the intermediate portion
towards the rear of the motor vehicle 1.

[0051] The portion 3a i1s preferably adapted to remain
substantially parallel to the road during the use of the motor
vehicle 1.

[0052] In other words, the portion Sa extends substantially
in a plane orthogonal to the axis Z.

[0053] Referring to FIG. 2, 1.€., 1n a plane defined by the
axes X, 7, 1.e., a plane orthogonal to the axis Y, the portion
5a extends 1n a rectilinear direction A, whereas the portion
5b extends 1n a rectilinear direction B.

[0054] Specifically, but not necessarily, the rectilinear
direction A 1s parallel or coincident with the axis X.
[0055] The rectilinear direction B, together with the rec-
tilinear direction A or the axis X, forms an acute angle.
[0056] In other words, the direction B 1s inclined with
respect to the direction A or the axis X, just like the portion

May 23, 2024

56 1s inclined with respect to the portion 5a, or a plane
defined by the axes X, Y, 1.e., a plane orthogonal to the axis
/

[0057] The acute angle formed by the directions A, B
looks toward the rear of the motor vehicle 1 and 1s defined
above the direction A.

[0058] The acute angle i1s preferably less than 20°.

[0059] The motor vehicle 1 further comprises a plurality
of fuel cells 10, 1.e., at least two stacks 10.

[0060] The stacks 10 are carried by the frame 2 1n respec-
tive fixed positions relative thereto.

[0061] The stacks 10 are aligned along a rectilinear direc-
tion or alignment direction belonging to the plane orthogo-
nal to the axis Y.

[0062] Specifically, the direction of alignment of the
stacks 10 1s parallel or coincident with the direction B.
Therefore, the direction of alignment of the stacks 10 1is
inclined with respect to the axis X and, with the axis X,

forms an acute angle.

[0063] The acute angle looks toward the rear of the motor
vehicle 1 and 1s defined above the roll axis, or more precisely
above the direction A.

[0064] In other words, as for example directly and
unequivocally derivable from FIG. 2, the direction of align-
ment of the stacks 10 1s inclined upwards 1n the direction
opposite the direction of advancement of the motor vehicle
1, 1.e., moving towards the rear of the motor vehicle 1.

[0065] The acute angle 1s preferably less than 20°.

[0066] The stacks 10 are preferably arranged in an inter-
mediate, or more precisely middle area of the frame 2 or the
motor vehicle 1 in relation to the axis Y.

[0067] Specifically, the stacks 10 rest on the portion 55,
particularly directly, 1.e., they are directly supported by the
portion 5b on the surface 7b.

[0068] Preferably, one of the stacks 10 has one end
arranged at the intersection between the portions 5a, 5b.

[0069] Clearly, the fact that the stacks 10 rest on the
portion 56 1mplies that the stacks 10 are arranged above the
portion 5b.

[0070] In other words, the stacks 10 rest on the portion 55
of the bottom 5 on the side opposite the one facing the road
during the use of the motor vehicle 1.

[0071] According to a potential alternative, the stacks 10
could also possibly be hung on the portion 5b.

[0072] Therefore, in general, the stacks 10 are fixed to the
bottom 5 at the portion 5b.

[0073] Each of the stacks 10 has a corresponding outer
casing 11 and a plurality of tuel cells 12, only one of which
1s schematically shown 1n FIG. 3 for reasons of comprehen-
sibility.

[0074] The fuel cells 12 of each stack 10 are arranged
inside the corresponding casing 11.

[0075] The fuel cells 12 of each stack 10 are arranged 1n
series, and 1n particular aligned with each other along a
rectilinear direction K of the plane orthogonal to the axis Y.

[0076] Preferably, the direction K 1s also the direction of
alignment of the stacks 10.

[0077] More specifically, the direction K 1s parallel to or
coincident with the direction B.

[0078] FEach of the fuel cells 12 could be known per se,
therefore a detailed description and/or illustration 1s unnec-

essary.
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[0079] In fact, those skilled 1n the art are well aware of
how the known fuel cells are manufactured and how they
work.

[0080] However, each one of the fuel cells 12 comprises at
least
[0081] a fuel circuit 13 comprising an inlet 14 for

receiving a fuel as mput, an outlet 15 for discharging
the unconsumed fuel, and ducts 16 for circulating the
fuel from the inlet 14 to the outlet 15,

[0082] a reactant circuit 17 comprising an inlet 18 for
receiving as mput a reactant suitable for reacting with
the fuel and generating an electric current and a waste
substance, an outlet 19 for discharging the unconsumed
reactant and the waste substance, and ducts 20 {for
circulating the reactant from the inlet 18 to the outlet
19, and

[0083] arefnigerant circuit 21 comprising an inlet 22 for
receiving as input a fresh refrigerant to draw heat from
the fuel cell 12, an outlet 23 for discharging the
refrigerant heated by the drawn heat, and ducts 24 for
circulating the refrigerant from the inlet 22 to the outlet

23.

[0084] During the operation of each fuel cell 12, a part of
the fuel circulating 1n the fuel circuit 13 1s consumed as 1t 1s
subjected to an electrochemical reaction.

[0085] The electrochemical reaction takes place with a
part of the reactant circulating in the reactant circuit 17 and
through an electrolyte 26 of the fuel cell 12.

[0086] The electrochemical reaction cracks the fuel ito
positive 1ons and electrons.

[0087] The positive 1ons pass through the electrolyte 26
and bind to the reactant, thus forming therewith the waste
substance.

[0088] The electrolyte 26 itself, at the same time, prevents
the passage of electrons.

[0089] The latter bypass the electrolyte 26 through an

clectrical circuit of the fuel cell 12, thus forming an elec-
trical current.

[0090] The electrical current produced by each of the tuel
cells 12 adds to the other fuel cells 12 of the stack 10

arranged 1n series.

[0091] The current resulting from the sum defines the
current supplied by the stack 10.

[0092] The part of the reactant that actually reacts with the
tuel 1s consumed through the formation of the waste sub-
stance.

[0093] The electrolyte 26 could, for example, comprise a
proton exchange membrane arranged between the circuits
13, 17 so that 1t simultaneously comes into contact with the
tuel and the reactant at its respective opposite surfaces.

[0094] In greater detail, each fuel cell 12 comprises two
plates 27, 28 aligned along the direction K, and the electro-
lyte 26 1s sandwiched between the plates 27, 28 along the
direction K.

[0095] The plates 27, 28 are part of a cathode and an
anode, respectively, of the fuel cell 12.

[0096] FIG. 6 shows a face, or more generally a section of
the plate 27 on which the refrigerant circuit 21 1s visibly
formed.

[0097] FIG. 5 shows another face of the plate 27, possibly

opposite the previous face. The other face 1s in contact with
the electrolyte 26; the reactant circuit 17 1s formed on the
other face 1n a visible way.
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[0098] FIG. 7 shows a face of the plate 28 facing the other
face 1n FIG. 5. The face in FIG. 7 1s 1n contact with the
clectrolyte 26; the fuel circuit 13 1s formed on the face 1n
FIG. 7 1n a visible way.

[0099] With reference to FIGS. 5, 6, the inlets 14, 18 are
arranged 1 diametrically opposite areas of the fuel cell 12
around the direction K, as are the outlets 15, 19, 1n a similar
but independent manner.

[0100] In addition, the two stacks 10 comprise respective
tuel inlet ducts 30, 31 respectively configured to supply fuel

to one, several, or 1n this case all the fuel cells 12 of both
stacks 10.

[0101] In particular, the respective inlets 14 of the sup-
plied tuel cells 12 of the two stacks 10 communicate with the
ducts 30, 31, respectively, to recerve the fuel.

[0102] Furthermore, the two stacks 10 comprise respective
fuel exhaust ducts 32, 33 respectively configured to dis-

charge the fuel from one, several, or in this case all the fuel
cells 12 of both stacks 10.

[0103] In particular, the respective outlets 15 of the fuel
cells 12 of the two stacks 10 communicate with the ducts 32,
33, respectively, to discharge the supplied, unconsumed fuel.

[0104] Moreover, the two stacks 10 comprise respective
reactant inlet ducts 34, 35 respectively configured to supply
the reactant to one, several, or 1n this case all the fuel cells

12 of both stacks 10.

[0105] In particular, the respective inlets 18 of the sup-
plied fuel cells 12 of the two stacks 10 communicate with the
ducts 34, 35, respectively, to recerve the reactant.

[0106] Furthermore, the two stacks 10 comprise respective
reactant exhaust ducts 36, 37 respectively configured to

discharge the reactant from one, several, or in this case all
the fuel cells 12 of both stacks 10.

[0107] In particular, the respective outlets 19 of the fuel
cells 12 of the two stacks 10 communicate with the ducts 32,
33, respectively, to discharge the supplied, unconsumed
reactant, as well as 1n particular the waste substance.

[0108] Moreover, the two stacks 10 comprise respective
refrigerant inlet ducts 38, 39 respectively configured to
supply the refrigerant to one, several, or 1n this case all the

fuel cells 12 of both stacks 10.

[0109] In particular, the respective mnlets 22 of the sup-
plied fuel cells 12 of the two stacks 10 communicate with the
ducts 38, 39, respectively, to recerve the refrigerant.

[0110] Furthermore, the two stacks 10 comprise respective
refrigerant exhaust ducts 40, 41 respectively configured to

discharge the refrigerant from one, several, or 1n this case all
the fuel cells 12 of both stacks 10.

[0111] In particular, the respective outlets 23 of the fuel
cells 12 of the two stacks 10 communicate with the ducts 40,
41, respectively, to discharge the refrigerant.

[0112] Preferably, the motor vehicle 1 further comprises
an end plate 50 arranged between the casings 11 along the
direction K or the direction of alignment of the stacks 10.

[0113] The end plate 50 1s fixed in relation to the casings
11.

[0114] 'The end plate 50 specifically has six ports 51, 52,
53, 34, 55, 56.

[0115] Preferably, the ducts 30, 31 share the port 51 as a

common end. In other words, the ducts 30, 31, through the
plate 50, have at least one common section 3031 ending or
starting with the port 51, and two respective disjointed
sections 306, 315 respectively extending within the casings
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11. In particular, the sections 305, 316 bifurcate from the
section 3031 1n opposite directions.

[0116] Alternatively or additionally, the ducts 32, 33 share
the port 52 as a common end. In other words, the ducts 32,
33, through the plate 50, have at least one common section
3233 ending or starting with the port 52, and two respective
disjointed sections 325, 33b respectively extending within
the casings 11. In particular, the sections 3256, 335 bifurcate
from the section 3233 1n opposite directions.

[0117] Alteratively or additionally, the ducts 34, 35 share
the port 53 as a common end. In other words, the ducts 34,
35, through the plate 50, have at least one common section
3435 ending or starting with the port 53, and two respective
disjointed sections 34b, 356 respectively extending within
the casings 11. In particular, the sections 355 bifurcate from
the section 3435 1n opposite directions.

[0118] Alternatively or additionally, the ducts 36, 37 share
the port 54 as a common end. In other words, the ducts 36,
37, through the plate 50, have at least one common section
3637 ending or starting with the port 54, and two respective
disjointed sections 3656, 37b respectively extending within
the casings 11. In particular, the sections 365, 375 biturcate
from the section 3637 1n opposite directions.

[0119] Altematively or additionally, the ducts 38, 39 share
the port 55 as a common end. In other words, the ducts 38,
39, through the plate 50, have at least one common section
3839 ending or starting with the port 55, and two respective
disjointed sections 3856, 39b respectively extending within
the casings 11. In particular, the sections 3856, 395 bifurcate
from the section 3839 1n opposite directions.

[0120] Altematively or additionally, the ducts 40, 41 share
the port 56 as a common end. In other words, the ducts 40,
41, through the plate 50, have at least one common section
4041 ending or starting with the port 56, and two respective
disjointed sections 4056, 415 respectively extending within
the casings 11. In particular, the sections 4056, 415 bifurcate
from the section 4041 1n opposite directions.

[0121] Preferably, one, several, or specifically all the dis-
jointed sections 305, 315, 325, 335, 34b, 35b, 36b, 377b, 385,

39b, 40b6, 415 extend along respective axes parallel to the
direction K.

[0122] In addition, convemently, one, several, or specifi-
cally all the pairs of sections defined by the disjointed
sections 300-31bH, 32b6-33b, 3456-35b, 36b6-37b, 38H-390b,
40b-41b each extend along the same axis, 1.e., the disjointed
sections of the pairs are aligned with each other, particularly
along the axes parallel to the direction K.

[0123] In particular, the sections 305, 315 1nclude or pass
through the inlets 14 of the fuel cells 12.

[0124] Alternatively or additionally, the sections 325, 335
include or pass through the outlets 15 of the fuel cells 12.

[0125] Alternatively or additionally, the sections 345, 3556
include or pass through the inlets 18 of the tuel cells 12.

[0126] Alternatively or additionally, the sections 365, 375
include or pass through the outlets 19 of the fuel cells 12.

[0127] Alternatively or additionally, the sections 385, 3956
include or pass through the inlets 22 of the tuel cells 12.

[0128] Alternatively or additionally, the sections 405, 4156
include or pass through the outlets 23 of the fuel cells 12.

[0129] In particular, the pair defined by the sections 305,

315 and the pair defined by the sections 325, 335 extend
parallel to the direction K at respective opposite ends of the
casings 11 according to the axis Y, and imndependently and
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preferably at respective opposite ends of the casings 11
according to an axis perpendicular to the axis Y and the
direction K.

[0130] Alternatively or additionally, the pair defined by
the sections 34b, 3556 and the pair defined by the sections
36b, 37b extend parallel to the direction K at respective ends
of the casings 11 according to the axis Y, and independently
and preferably at respective opposite ends of the casings 11
according to an axis perpendicular to the axis Y and the
direction K.

[0131] Altematively or additionally, the pair defined by
the sections 385, 395 and the pair defined by the sections
4056, 415 extend parallel to the direction K at respective ends
of the casings 11 according to the axis Y.

[0132] More specifically, the axes of the sections 305, 315,
36b, 377b, 40b, 415 all belong to the same plane, specifically
orthogonal to the axis Y.

[0133] Alternatively or additionally, the axes of the sec-
tions 32b, 33b, 34b, 35b, 38b, 39bH all belong to the same
plane, specifically orthogonal to the axis Y.

[0134] The sections 305, 315 are arranged 1n an area of the
stacks 10 which 1s diametrically opposite to the one 1n which
the sections 325, 33b are arranged.

[0135] Similarly, but not necessarily, the sections 345, 355
are arranged 1n an area of the stacks 10 which diametrically
opposite to the one i which the sections 365, 37H are
arranged.

[0136] In the embodiment in FIG. 3, the pair defined by
the sections 385, 395 1s arranged between the pair defined by

the sections 326, 335 and the pair defined by the sections
34b, 350b.

[0137] In addition, the pair defined by the sections 405,
41b 1s arranged between the pair defined by the sections 305,
31b6 and the pair defined by the sections 365, 375.

[0138] Preferably, the pair defined by the sections 305,
31b 1s arranged below the pair defined by the sections 365,
375.

[0139] Similarly, but not necessarily, the pair defined by
the sections 32b, 335 1s arranged above the pair defined by
the sections 345, 355.

[0140] From the above, 1t 15 clear that each of the fuel, the
reactant and the refrigerant can be generalized to a generic
fluid supplied to the fuel cells 12 and then discharged from
the same after the completion of its functions.

[0141] For example, the fuel comprises or 1s defined by
hydrogen.
[0142] Moreover, for example, the reactant comprises or 1s

defined by oxygen. The oxygen could simply be part of the
air around the motor vehicle 1. Therefore, the reactant could
also be considered as comprising or defined by air, more
generally.

[0143] In addition, for example, the refrigerant may com-
prise or be defined by water.

[0144] In the case where the fuel and the reactant were
hydrogen and oxygen or air, respectively, the waste sub-
stance would comprise or be defined by water, although 1n
particular not the same water as the refrigerant.

[0145] The motor vehicle 1 further comprises at least one
clectric motor 60 (shown schematically) and wheels 61
arranged to contact the ground.

[0146] Preferably, the electric motor 60 1s coupled to at
least one of the stacks 10 or to both of the stacks 10, 1.e., 1t
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1s powered by them. Therefore, the electric motor 60 1is
configured to deliver mechanical power through the stacks

10.

[0147] Furthermore, the motor vehicle 1 comprises a
transmission device, for example of a known type, not
shown, to transmit the mechanical power to the wheels 61.

[0148] Like the known electric motors, the motor 60 has
a stator and a rotor, not shown. Specifically, the rotor 1s fixed
in relation to one of the wheels 61, 1.e., 1t rotates rigidly
together or integrally with the wheel 61.

[0149] In other words, the electric motor 60 1s integrated
with the wheel 61, particularly via the transmission device,
in this case more specifically defined by a fastening device,
specifically fastening the rotor to the wheel 61.

[0150] In addition, the motor vehicle 1 conveniently com-
prises an additional electric motor 60 powered by the stacks
10 and integrated with another wheel 61 having the same
axis as the previous wheel 61.

[0151] During the operation of the motor vehicle 1, the
tuel cells 12 receive the fuel from the port 51 through the
ducts 30, 31, and the reactant from the port 53 through the
ducts 34, 35, 1n particular at the plates 28, 27, respectively.

[0152] Here, the fuel separates into electrons and positive
ions; the latter pass through the electrolyte 26 and bind to the
reactant, thus forming the waste substance. The electrons
form an electrical current that 1s preferably stored in an
clectrical energy storage device, such as a battery, of the
motor vehicle 1.

[0153] Downstream of the electrochemical reaction, the
tuel cells 12 discharge the fuel and the reactant not con-
sumed by the reaction; the unconsumed fuel 1s discharged
from the port 52 via the ducts 32, 33, whereas the uncon-
sumed reactant 1s discharged from the port 54 via the ducts

36, 37.

[0154] The electrical current produced by the fuel cells 12
and hence by the stacks 10 powers, preferably downstream

ol one or more conversions, for example via an inverter, the
motor 60.

[0155] The motor 60 rotates the wheels 61, thus allowing
a driver to drive the motor vehicle 1.

[0156] The advantages of the motor vehicle 1 are clear
from the foregoing.

[0157] The alignment of the stacks 10 according to the
direction of advancement of the motor vehicle 1 1s particu-
larly favourable with respect to the distribution of spaces 1n
the motor vehicle 1, which can be made with the body

having a narrower shape at the rear and with a reduced
height.

[0158] In contrast, according to the prior art, the stacking
of the stacks 10 1n height and laterally entails an increase 1n
the height and width of the body of the motor vehicle 1.

[0159] Furthermore, the inclination of the portion 346 of
the bottom 5 1s particularly advantageous, as the bottom thus
becomes acrodynamic and contributes to generating down-
force on the motor vehicle 1.

[0160] In addition, the fact that one of the stacks 10 1s

arranged at the intersection between the portions 3a, 5b 1s
advantageous since the centre of gravity of the set of aligned
stacks 10 1s thus brought as low as possible, hence also
shifting downwards the overall centre of gravity of the
motor vehicle 1.

[0161] Furthermore, 1n thus way, the moment of 1nertia
with respect to the axis Z 1s smaller since the set of stacks
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10 1s brought closer to the overall centre of gravity of the
motor vehicle 1 according to the axis X.
[0162] In addition, the alignment of the stacks 10 accord-
ing to the direction of advancement of the motor vehicle 1
allows the provision of the single end plate 50 for the two
stacks 10. In contrast, according to the prior art, each stack
1s provided with a corresponding end plate.
[0163] Lastly, it 1s clear that modifications and variations
may be made to the motor vehicle 1 according to the
invention, without however departing from the scope of
protection defined by the claims.
[0164] In particular, each the of details depicted schemati-
cally in the figures, especially with reference to the ducts 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 15 independent of
the other details and 1s specifically designed to solve specific
technical problems in i1solation from the other details.
[0165] Also, the number of each of the components shown
may be different from what 1s described and shown 1n the
figures.
1. A motor vehicle (1) having a pitch axis (Y), a frame (2)
and a plurality of fuel cell stacks (10) carried by the frame
(2) 1 respective fixed positions relative to the frame (2),
wherein each of the fuel cell stacks (10) comprises an
outer casing (11) and a plurality of fuel cells (12)
arranged 1n series within the outer casing (11),

characterized 1n that the fuel cell stacks (10) are aligned
along a rectilinear direction (K, B) belonging to a plane
orthogonal to the pitch axis (Y).

2. The motor vehicle according to claim 1, further having
a roll axis (X),

wherein the rectilinear direction (K, B) 1s inclined with

respect to the roll axis (X) and forms with the roll axis
(X) an acute angle extending towards a rear of the
motor vehicle (1).

3. The motor vehicle according to claim 1, wherein the
frame (2) comprises a bottom (5) adapted to face the ground,
and wherein the fuel cell stacks (10) rest on a portion (55)
of the bottom (5).

4. The motor vehicle according to claim 3, wherein the
portion (5b6) of the bottom (5) on which the fuel cell stacks
(10) rest 1s a rear end portion (55) of the bottom (5),

the rear end portion (35) being inclined relative to an

intermediate portion (3a) of the bottom (5) according to
an advancement direction of the motor vehicle (1) so as
to form an upward ramp from the intermediate portion
(5a) towards a rear of the motor vehicle (1).

5. The motor vehicle according to claim 1, wherein the
tuel cell stacks (10) comprise a first stack and a second stack
having respectively

a first and a second outer casing (11),

a first and a second inlet duct (30, 31, 34, 35, 38, 39)

configured respectively to supply a flud to at least one
of the fuel cells (12) of the first stack and to at least one
of the fuel cells (12) of the second stack,

a first and a second exhaust duct (32, 33, 36, 37, 40, 41)
configured respectively to discharge said fluid from the
at least one of the fuel cells (12) of the first stack and
from the at least one of the fuel cells (12) of the second
stack,

the motor vehicle further comprising an end plate (50)
arranged between the first and second outer casings

(11) according to said rectilinear direction (K, B) and
having at least one first port (51, 52, 53, 54, 55, 56),
wherein at least one of
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a) a first pair of ducts defined by the first and second nlet

ducts (30, 31, 34, 35, 38, 39), and

b) a second pair of ducts defined by the first and second

exhaust ducts (32, 33, 36, 37, 40, 41) shares the first
port (51, 52, 53, 54, 55, 56) as a first common end.

6. The motor vehicle according to claim 5, wherein the
end plate (50) additionally has a second port (51, 52, 53, 54,
55, 56), and wherein the other of the first and second pair of
ducts shares the second port (51, 52, 53, 54, 55, 56) as a
second common end.

7. The motor vehicle according to claim 5, wherein the
first and second inlet ducts (30, 31, 34, 35, 38, 39) arc
configured to supply fluid to all fuel cells (12) of the first
stack and all fuel cells (12) of the second stack respectively,

and/or wherein the first and second exhaust ducts (32, 33,

36, 37,40, 41) are configured to discharge fluid from all
fuel cells (12) of the first stack and all fuel cells (12) of
the second stack respectively.

8. The motor vehicle according to claim 5, wherein said
fluid 1s selected from
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a fuel for the fuel cells (12),

a reactant for reacting with the fuel at the fuel cells (12),
thereby generating an electric current and a waste
substance, and

a refngerant tluid.

9. The motor vehicle according to claim 1, further com-
prising

at least one electric motor (60) coupled to one or more of
the fuel cell stacks (10) 1n a manner to be powered by
the one or more of the fuel cell stacks (10) to deliver
mechanical power suitable for drniving the motor
vehicle (1),

at least one wheel (61) arranged to contact the ground, and

a transmission means to transmit the mechanical power
delivered by the electric motor (60) to the wheel (61).

10. The motor vehicle according to claim 9, wherein the

clectric motor (60) 1s integrated with the wheel (61) via the
transmission means.
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