1 Device for producing electricity for a submarine conprising a fuel

cel | The invention relates to the field of submarines and nore
particularly submarines including a device for producing electricity
of the type conprising a fuel cell. Different types of fuel cells are
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f eedi ng neans and t
including a fuel cell intended to equip a submarine and making it possible to offset the

25 aforementioned drawbacks and, in particular, making it possible to obtain high powers,
having increased performance in particular in terms of autonomy, while having only a reduced
number of component pieces of equipment.

To that end, the invention relates to a submarine including a device for producing
electricity comprising a fuel cell, means for feeding oxygenated gas, means for feeding

30 hydrogenated fuel, and means for discharging the gaseous effluents. The submarine is
characterized in that the fuel cell is an internal reforming cell operating at a high temperature
and pressure, the operating pressure of the cell being greater than or equal to an immersion
pressure of the submarine, in that the oxygenated gas feeding means and the hydrogenated



2 fuel feeding nmeans are capable of bringing the oxygenated gas and

t he hydrogenated fuel to a pressure adapted to the operating pressure
so that the oxygenated gas and the hydrogenated fuel are injected
directly into the cell, and in that the effluent discharge neans are
capabl e of discharging the gaseous effluents outside the subnmarine
during diving. 5 According to specific, enbodi nents of the invention,
the submarine includes one or nore of the fol l owi ng features,
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- the means for feeding oxygenated gas include a sprayer able to generate gaseous
oxygen to feed the fuel cell, and a pump able to introduce liquid oxygen into the sprayer at a
pressure adapted to the operating pressure.

25 - the means for feeding hydrogenated fuel include a hydrocarbon tank and a pump
that can introduce hydrogenated fuel into the fuel cell at the operating pressure.

- the means for feeding hydrogenated fuel also comprise a downstream burner
connected between the pump and the fuel cell, the downstream burner being supplied with
fuel by a bridge of the means for feeding oxygenated gas, the downstream burner constituting

30 a system for preheating the hydrogenated fuel.

- at least the fuel cell is instailed in a pressure-resistant enclosure whereof the internal

pressure is kept at the operating pressure of the fuel cell.

- the operating pressure of the fuel cell is greater than or equal to 10 bars, and



- the operating pressure of the fuel cell is greater than or equal to
10 bars, and 3 preferably greater than or equal to a maxi num

i nrer si on pressure of the submarine. The invention al so
relates to a device for producing electricity for a subnmarine, of the
type including a fuel cell, neans for feeding oxygenated gas, neans
for feeding hydrogenated fuel and neans for dischargi ng gaseous
effluents. This device is characterized® 5 in that the fuel cell is
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20 - figure 4 shows an alternative embodiment of the electricity production device of
figure 1; and
- figure 5 shows an alternative embodiment of the electricity production device of
figure 1.
Figure 1 diagrammatically illustrates a submarine 2 equipped with an electricity
25 production device 4 able to provide electrical power. Preferably, the electricity production
device 4 in particular feeds a motor (not shown) for driving the propulsion means 6 of the
submarine 2 and generates sufficient power to drive these propulsion means 6.
The electricity production device 4 includes a cell 24 that is an internal reforming fuel
cell operating at a high temperature and a high pressure.
30 The operating temperature of the cell is between 800° and 1000° C, and preferably in
the vicinity of 950° C.
The operating pressure P of the fuel cell is greater than or equal to the immersion

pressure Py exerted by the seawater on the hull of the submarine and that depends on the



30The operating tenperature of the cell is between 800 and 1000 C,
and preferably in the vicinity of 950 C The operating pressure
P of the fuel cell is greater than or equal to the imrersion pressure
Po exerted by the seawater on the hull of the submarine and that
depends on the 4 depth at which the submarine is submerged. The
submarine 2 is designed to resist subme ££5|on pressures Po | ower than
or equal to a maxi mum i nmrersion pressure Pomax. The operating
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15 is, for example, Nickel.
The hydrogenated fuel and steam mixture is injected directly in the circulation cells
308 and 308’ situated between the two separating walls 307 and 307’ and circulates along
the middle catalysis wall 309. The temperature and pressure conditions are such that a steam
reforming reaction takes place.
20 The steam reforming (SMR), which is the reforming reaction having the best
conversion yield, is a catalytic endothermic reaction produced by the hydrogen by reaction of
a hydrocarbon with water. For example, if the hydrocarbon is methane, the reaction is as
follows:
CH; + H;O —— CO + 3H,
25 The products of this reforming reaction, or reformates, are set in motion by convection
and circulate in the cell 24. They reach the reformate circulation cells 306 and 306"
Redox reactions then occur that generate heat and an electric current available
between each anode / cathode pair 302-305 and 302'-305'.
The suiface of the electrolyte membrane 304, 304, respectively, oriented toward the
30 middle catalysis wall 309 is provided with protrusions 310, 310, respectively, coming into
contact with the opposite separating wall 307, 307 respectively. These profrusions form
thermal bridges that transfer heat from the redox reactions toward the circulation cells of the
hydrogenated fuel 308, 308’ so that the heat produced by the redox reactions contributes the



conversion yield, is a catalytic endotherm c reaction produced by the
hydrogen by reaction of a hydrocarbon with water. For exanple, if the
hydr ocarbon is nethane, the reaction is as follows: CH4 + H20CO + 3H2
25The products of this reformng reaction, or refornates, are set in
noti on by convection and circulate in the cell 24. They reach the
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1, the ebﬁﬁkﬁjggﬁmugmgductlon device 4 includes an enclosure 8 inside
mhlch the cell 24 |s The enclosure 8 is pressure-resistant
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el ectricity avhsobamanfdevércsdrel 8)eheidlesricepnsdueidn device 4 includes means for
discharging the effluents produced by the fuel cell, indicated generally by reference 20. The
20 means for discharging the effluents 20 make it possible to reject the byproducts of the
chemical reactions that occur in the cell 24, to outside the submarine 2, directly in the sea, at
any time during diving. In this way, it is not necessary to provide means for storing effluents
inside the submarine, unlike the devices of the prior art.
That is why the fuel cell must have an operating pressure greater than the diving
25 pressure of the submarine so as to produce effluents at a pressure higher than the pressure
of the water outside the submarine, without it being necessary to increase the pressure of
said effluents using, for example, a compressor.
Figure 3 is a detailed illustration of an electricity production device 4 according to the
invention.
30 That figure diagrammatically shows the cell 24, installed in the pressure-resistant
enclosure, while showing a cathode 26, forming the positive pole of an electrical current
generator, an anode 28, forming the negative pole of the electrical current generator.

Upstream of the cell 24, the means for feeding oxygenated gas 11 comprise a tank 12



f eedi ng oxygenated gas, indicated generally by reference 11, and

means for feeding hydrogenated fuel, indicated generally by reference
15. Downstream of the enclosure 8, the electricity production
device 4 includes neans for discharging the effluents produced by the
fuel cell, indicated generally by reference 20. The 20 nmeans for
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above the immersion pressure Py, while controlling the flow rate of the gaseous effluents.

The operation of the electricity production device 4 of the submarine 2 will now be
described.

The pump 14 of the means for supplying oxygenated gas 11 is actuated to bring a

30 quantity of liquid oxygen from the tank 12 into the sprayer 32, where that quantity of oxygen

undergoes a phase change. The gaseous oxygen is then introduced into the cathode 26.

In parallel, the pump 18 of the means for supplying hydrogenated fuel is actuated to
bring a quantity of hydrogenated fuel from the tank 16, directly into the cell 24.



The hydrogenated fuel is a hydrocarbon or a m xture of hydrocarbons
with generic formula CnHm or CnHnOp. 20Downstream of the fuel cel
24, the nmeans for discharging effluents 20 conprise a downstream
burner 36 connected, at the input, by a first circuit 34, to the
cathode 26 of the cell 24 and, by a second circuit 35, to the anode
28 of the cell 24. The domnstrean1burn%r 36 is connected, at the
output, by a discharge circuit 21 to a‘nouth situated on the hull of
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quantity of oKjrgeiainediEresrieh ipriuerageangderanes aysesend sedex sirmn areprding

t hen i nt {qds eRBwing réactifeesatibRde 26. In parallel, the punp 18
of the means for suppl él ngn&\édr ol%enat ed fuel is actuat ed to bring a

quantity of Ofis4 me GQhk 16, directly into the

cell 24. 7 Part of thbnsa\té.epﬁohgce%eédnna%e @eédne%dé‘ax §Rpis %E&{ m the fﬁétes@eam
of the hédro enated fuel takes iiS made possi hi gh
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second ré@’&?”g?gg"ﬂi%d{)@@d in the first steam 10reform ng step. Thus,
t hd5el ect ri ciihythprdedoe tdesaribdd \sboes, 4he Speagbrf 32 ahflithé e@nwnstreamabemner 36 are

installed in the pressurized enclosure 8.

Alternatively, the downstream burner 36 is installed outside the enclosure 8 and/or the
sprayer 32 is placed outside the enclosure 8.

To initiate the chemical reactions that must occur in the cell 24, the electricity

20 production device must be started using a system for preheating the hydrogenated fuel. Once
the cell is started, the preheating of the fuel is no longer useful. In the device presented
above, the preheating system is cutside the electricity production device 4. It is either on the
dock, or onboard the submarine 2.

In the alternative embodiment shown in figure 4, the preheating system is

25 incorporated into the electricity production device so as to give the latter operating autonomy
upon startfup.

According to this alternative, the means for feeding hydrogenated fuel 115 to the
electricity production device 104 include an upstream burner 50 as preheating system. The
upstream burner 50 is placed in parallel with a channel 117 of the circuit 17 for feeding

30 hydrogenated fuel, between the pump 18 and the anode 28. First and second valves 52 and
54 make it possible to connect or isolate the upstream burner 50 and the channel 117. When
the first and second valves 52 and 54 are open, a fraction of the flow of hydrogenated fuel
brought by the pump 18 circulates in the upstream burner 50.



The effluents discharged fromthe cell 24 are introduced into the
downstream burner 36. The burned effluents are extracted fromthe
burner 36 at the operating pressure P of the fuel cell and

di scharged, via the pressure regulating valve 22, into the seawater
outside the submarine 2 while diving. 151 n the device described
above, the sprayer 32 and the downstream burner 36 are installed in

the pressurized enclosure 8. Altétnatively, the downstream
burner 36 is TRstgdtlarh 9L'H'Tﬁ§|‘ ﬂﬁlstfg@mﬁiﬂ@ué?%?raecr%nﬁélc%oﬁarélré?c&ﬂfe@ﬁé@rwﬂ%zthe
is placed outside the enclosure 8 _To initiate the chemcal reactions
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t he punpbélddiDaurdp 68 éorceraneniatindlth fluid circulating in the secondary circuit 60.
As in the preceding embodiments, the circuit 21 for discharging the gas includes a
pressure regulating valve 22 making it possible to keep the upstream pressure higher than
25 the pressure reigning outside the submarine,
The steam generator 62 is connected to the circuit 21 for discharging the gaseous
effluents, as a primary circuit supplying the heat necessary for the evaporation of the liquid
from the secondary circuit 60.
As in the preceding embodiments, the gas discharge circuit 21 includes a pressure
30 regulating valve 22 making it possible to keep the upstream pressure higher than the
pressure reigning cutside the submarine.
The steam turbine 64 is coupled to an alternator 70 generating additional electrical
power.



Different alternatives can be considered for this alternative of the
electricity production device. In particular, the upstream burner 50
can be installed outside the enclosure 8. Figure 5 shows an
alternative of the electricity production device of figure 1. In that
alternative, independent of the preceding ones, the fuel cell and its
supply means are 15 identical to eith of the enbodi nents, but the
nmeans for discharging effluents 220 fr the electricity production
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The use of a steam generator 62 nakes it possible to preserve the
pressure potential 5 of the gaseous effluents, while also recovering
part of their thermal energy. One thus keeps the possibility of
directly discharging the gaseous effluents into the sea. The
electricity production device according to the invention provides
significant electrical power. Wth adﬁgéed di mensi oni ng, such an
electricity production device can be e conpatible with a use as

el ectrical power source to feed the pjapyssi on neans of the
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tenperature nmakes it possible to performthe reformng reactions
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4.- The submarine according to claim 2 or claim 3, characterized in that the means for
25 discharging the gaseous effluents {220) also include a device for recovering the thermal
energy of the gaseous effluents.
5.- The submarine according to claim 4, characterized in that the device for recovering
the thermal energy from the gaseous effluents is a secondary circuit (60) including a steam
generator (62), a steam turbine (64) coupled to an alternator (70), a steam condenser (66)
30 and a recirculation pump (68), the steam generator being coupled to the circuit for
discharging the gaseous effluents (21).
6.- The submarine according to any one of the preceding claims, characterized in that

the means for feeding oxygenated gas (11) include an oxygen tank (12) that can contain pure



4.- The submarine according to claim?2 or claim3, characterized in
that the neans for 25di scharging the gaseous effluents (220) al so

i nclude a device for recovering the thernmal energy of the gaseous
ef fl uents. 5.- The submarine according to claim 4,
characterized in that the device for recovering the thermal energy
fromthe gaseous effluents is a secondary circuit (60) including a
st eam gener at or (62) a steam turbine %4) coupled to an alternator

(70), a shyeR H‘:r?ﬁlﬂ gt (66) 30and a recirculation punp (68), the
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11.- The submarine according to any one of the preceding claims, characterized in
that the operating pressure (P) of the fuel cell (24) is greater than or equal to 10 bars, and
20 preferably greater than or equal to a maximum immersion pressure (Poma) Of the submarine
(2).
12.- A device for producing electricity for a submarine, of the type including a fuel cell
(24), means for feeding oxygenated gas (11), means for feeding hydrogenated fuel (15, 115)
and means for discharging gaseous effluents (20, 220), characterized in that the fuel cell (24)
25 is an internal reforming cell operating at a high temperature and a high pressure, the
operating pressure (P) of the cell being greater than or equal to an immersion pressure (Py) of
the submarine (2),
in that the means for feeding oxygenated gas (11) and the means for feeding
hydrogenated fuel (15, 115) are able to bring the oxygenated gas and the hydrogenated fuel
30 to a pressure adapted to the operating pressure so that the oxygenated gas and the
hydrogenated fuel are injected directly into the cell,
and in that the means for discharging the gaseous effluents (20, 220) can discharge

the gaseous effluents to outside the submarine when the submarine is diving, without causing



11.- The submarine according to any one of the preceding clains,
characterized in that the operating pressure (P) of the fuel cel

(24) is greater than or equal to 10 bars, and 20 preferably greater
than or equal to a maxi mum i nmersion pressure (Poo,ox) of the
submarine (2). 12.- A device for producing electricity for a
submarine, of the type including a fuel _cell (24), means for feeding
oxygenated gas (11), neans for feeding1%ydrogenated fuel (15, 115)
and meangef REsselSin Y Gbn@gegepus ef fluents (20, 220), characterized
in that the fuel cell (24) 25 is an internal reform ng cel
operating at a high tenperature and a high pressure, the operating
pressure (P) of the cell being greater than or equal to an i mersion
pressure (Po) of the submarine (2), in that the nmeans for

f eedi ng oxygenated gas (11) and the neans for feeding hydrogenated
fuel (15, 115) are able to bring the oxygenated gas and the

hydr ogenated fuel 30 to a pressure adapted to the operating pressure
so that the oxygenated gas and the hydrogenated fuel are injected
directly into the cell, and in that the nmeans for discharging
t he gaseous effluents (20, 220) can di scharge the gaseous effluents
to outside the submarine when the submarine is diving, wthout
causing the pressure in the fuel cell to drop.



