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e 2D model : influence of GDL thickness

A Promising performances with MPL-only ~30um |

1St

Clean Hydrogen
Partnership

* 3D model : influence of GDL teeth/channel
pitch (gas diffusion)

AW Co-funded by
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[os  Jonomer and catalyst distribution

Disruptive pemfc stack with nOvel materials,
Processes, arcHitecture and optimized INterfaces

lonomer and catalyst gradient simulation : 2D model (COMSOL)
e Same catalyst layer thicknesses
e Same total Platinium and ionomer amount

More Platinium close to the
CL/PEM interface

More Platinium close to the
CL/GDL layer
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Lo Jonomer and catalyst distribution
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lonomer gradient : Platinium gradient :
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Stack specification and design
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Passenger car
Max stack voltage (OCV) 400 |V architecture (400v
oo . boost-only DCDC)
Specification for the 100kW have been frozen. VESpTI— 200 | ceils Vel G5y
G I
. enera Y- 175 | em? To reach 100kW at max
Key parameters : power with 400 cells
45%  active_area /
*  Max 400 cells (~400V @OCV) Total area 384 | cm? el ar
* Active area : 175cm? (<300A @ target max current density 3A/cm?)
Stack power 100 | kW
e Active_area / total_area ratio : 45% =» 384cm? total area Cellvalie 08 |
Min Power density 1.45 | W/cm? Go/no go criteria
Max current density 3 |A/cm? DOLPHIN target
e Max pressure drop : (regarding automotive system constraints) Stack voltage 264 |V
e Cathode < 300mbar (for system components, and in/out pressure homogeneity) el @ver ABUA, e
Stack current 379 A safety contactors and
¢ Anode < 100mbar (for recirculating system efficiency) Max power DCDC disponibility
e Cooling < 350mbar (for system integration, and to keep pressure equivalent to
gas side) (Under system | stack volumic power density (with 5| kw1 o
Stack massic power density (with 4| kW/ke KPI
end plates)
* End of life criteria : max power reached at 0,6V
For  vehicle's front
Cooling outlet temperature 90| °C radiator easy
dimensionning
Max inlet/outlet temperature .
. 12 |°C
difference
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Lo 100kW Stack specification .
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Key dimensions :

42,80

45,90
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8.00 43.37

27270  150.00

Max cell pitch : 1,04mm

61,35

Compression technology : straps, or carter (not tie rods, for volume optimization)

10.00

10.00

Cells dimensions i2;

116,70

* Active area dimensions is a compromize to match pressure drops for the selected EFC

140.70

technologies
Stack dimensions =» Target to reach power density

End plates dimensions and mechanical performances :

* Max thickness = 25mm
e Bending under load regarding electrical contact resistance homogeneity

Compression by
straps or carter

* Max overall flatness regarding sealing compression

Dimensionning chain :

Terminal plates

Active area . . . :
Cells dimensions dimensions

dimensions

418

" ‘

468




Faemt — 5kW stack specification (TP4)

Disruptive pemfc stack with nOvel materials,
Processes, arcHitecture and optimized INterfaces
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Based on the 100kW stack specification, the 5kW stack requirements have also been edited :
e Same cells than the 100kW stack

e Between 15 and 20 cells

e Compression technology : tie rods (most adapted to prototyping)
* Thicker end plates allowed, to match the bending requirements
e Larger to allow the space for the rods

r11:10

21.54 101.54

Compression by tie
rods
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Loow Electrical and fluidic core :

e A standard TP4 design have been proposed (manifolds, distribution area, cooling circuit).
Modeling have been done to assess the fluids flow and concentration homogeneity :

50 Parallel channels in Flowfield(- > +) keylve |_|U||||U||y 7o)
7 g, Ap =50 mbar I 92 Outlet
30 85.
_ Anodic RH distribution 80.
‘E . A No condensation 75.
E \j expected (without 70
o1 | crossover, mean '
temperature) 64 Inlet
20 1: . IVIOIC ITAUCITION VI T1L
0.573 Outlet
-300 20 40 60 80 100 120 140 160 180 200 0'550
Channel number [#]
I o Outlet Anodic reactant distribution 0.500
- No starvation expected 0.450

o & I 0.400  Inlet
I o % 0.382
500, Inlet :
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ot Electrical and fluidic core
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Cathodic flow distribution | | Ap = 59 mbar (63mbar incl. ports)

a0 - Parallel channels

Relative Humidity (%)
9b

" Inlet
Cathodic RH distribution |} =

£ %
3 i No condensation "
a0 expected (without s
3 f crossover, mean ©
-60 56,
temperature) °
-80 4. -, Outlet
——Inlet 40
| 1 | 1 | ﬂ |
71000 20 40 60 80 100 120 140 160 180 200
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Mole fraction of a2
0.180
0.170 Inlet
0.160
Static Pr Pa) Channel 195 . . . . .
T , _ i Cathodic reactant distribution |
i. . —0.130
' No starvation expected 0120
4500,
0.110
4000, 0.100
3500, 0.090
3000. 0.080
2500, 0670 Outlet
2000, 0057
1500.
1060- Outlet
500. ;
264

Channel 1
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; _ ﬁartneréhip' |

Velocity Magnitude (m/s)
1.09

1.00
0.90 'ifi;
0.80 e
Cooling flow distribution 0.70 7
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- T
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20 Parallel channels

This generic design has been adapted for
additive manufacturing (cf. Talk 3.2)

Massflow deviation [%]
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Characterization protocols and Quality
assessment
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Lo Definition of system conditions

Processes, ancHitecture and optimized IMterfaces

. Partnership

The project’s operating conditions are not necessarely adapted to a system use, mainly regarding
stoechiometry and operating pressure. The air compressor is the major power consumer of the

system.
=>» Stoechiometry and air pressure needs to be determined carefully to get the best system
efficency.
. Pressure sensivity test protocol
Done for this task :
e . Pol Curve Low power Nominal conditions Medium power M r dition
* Pressure sensivity tests - condihions (10%) (25%) conditions (50%) S o)
Sto H2/Air 20/18 20/18 15/ 16 1.5/1.6
e System energetic assessment model RH Anode/Cath _ S0%/50% 50%/50% 0%/30% SONIN
{dew point °C) (50.3°C/50.3°C) (57.5°C/57.5°C) 6.6°C/55.4"( {66.6°C/55.4°C)
Pinlet Anode/Cath 1.3/Patm outlet 1.5/13 1.9/1.7 1.9/1.7
(bar abs) 1.7/1.5 1.7/1.5 2.2/2.0 2.2/2.0
1.9/1.7 2.2/20 2.5/2 2523
2.2/2.0 25/2.3 2.8/2.¢ 2.8/2.6
25/23 28/26 3.0 3.2/3.0
3.5/3.7 (or bench max)
Cell Temperature (Coolant Inlet) 65 73 - 83°C
Fixed Current density points 0.3 A/cm? 0.5 Afem?® 1.5 Afcn 2.5 Afem? and 3 Afem? (if
(minimum flowrate 0.3 possible with Ucell >0.5V)
Afem?)

- Fixed current density values. 5 minutes for each pressure configuration (dwell time similiar to pol. curves)
- Reference FF + ref MEA : possible at CEA
- Refined FF + ref MEA : to be done at ZSW (no refined pads available at CEA)
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Pressure sensivity test results :

* 4 operating points, with different pressure levels

Stack 1312 (Reference FF, Gore MEA)

Definition of system conditions

Clean Hydrogen
i Partnership

Stack 1318 (Laser FF, Gore MEA)

Co-funded by
the European Union
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Anode inlet Pressure (barg)
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System energetic assessment model :

Optimum pressure found for

each operating point

System net
power 1.5 Afem?
J0.0
60.0 '//r_..——-c——‘
- \ 50.0 r_,@—o—__._____‘

~._ System components 40.0

- (actuators, DCDC, ...) e
20.0 —8—Stack pross power
Coollng pump 10.0 —8— System net power

0.0

0 0.5 1 15 2 2.5 3 35
Air inlet pressure

Power (kW)

Stack Compressor
gross
power
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System operating conditions defined regarding the

study’s results :

Definition of system conditions

Co-funded by
the European Union

e 2,5A/cm?:

e 2,6 bars is still the optimum (63,1 kW net power)

Optimum air pressure vs curent density
. Low power conditions Nominal power Medium power Max power conditions 3
System conditions . .
(10%) conditions (25%) conditions (50%) (100%)
25
Current density 0,3 A/cm? 0,5 A/cm? 1,5 A/cm? 2,5 A/cm? ~
L
Stoech H2 / Air 2,0/18 20/18 1,6/1,8 16/18 @
RH Anode / Cathode 40% / 50% 40% / 50% 30% / 50% 30% / 50% g
(Dew Point °C) (45,8°C / 50,3°C) (52,8°C / 57,5°C) (55,4°C / 66,5°C) (55,4°C / 66,5°C) g,
P_inlet Anode / Cath (bar_abs) 1,3/1,1 1,5/1,3 2,2/2,0 28/26 E:
05
Cell Temperature (coolant inlet) 65°C 73°C 83°C 83°C
0
Cell Temperature (coolant outlet) 77 °C 85°C 95°C 95°C 000 00 o0 1’59 ‘2‘00 220 200
Current density (A/cm?)

* 3 bars gives a higher gross power (84,5kW vs 81kW), but a lower net power (60,3 kW)
e Less sensivity to flooding with lower pressure
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* Anodic stoechiometry adjusted to be representative of a system : high stoechiometry is not reachable
with a recirculation system

Q=1,6
HR=?? %
T° = cool_out
=1
HR=0%
St a=1,6 Q=06
HR=100% (hyp)
T°=cool_in

New anodic HR calculated on the anodic stoichiometry
and the temperature.

Cathodic HR based on state of the art, and DOLPHIN tests.
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Test protocol

* We also work with different operating conditions as a benchmark :
e We also test our materials with GAIA conditions, who are optimized for high stack performance (high humidity, high

e We are also working in defining some conditions who can be the best compromize between high system

pressure) Parameter Unit IDF EUH ASC DOL
TCl °C 68 80 68 83
TA/C °C 70 82 70 83
DPT A/C °C 58.0/43 64.0/53.0 48.4/53.0 57.5/57.5
RHA/C % 63.6/30.3 50.5/30.2 39.9/50.1 50.0/50.0
Stoic A/C 1 1.4/1.6 1.4/1.6 1.4/1.6 1.5/1.6
pA/C barg 2.0/1.8 1.5/1.3 1.2/1.0 1.5/1.2
p in/out - out out out out
Mingas A/C A/cm? 0.3 0.3 0.3 0.3
N2 A % 10 0 30 0

efficiency (net power) and stack efficiency (W/cm?).

* Test protocol have beed defined :

Compression protocol
Break-in

Polarization curve
Start / stop

Durability (FCDLC)

DOLPHIN: 2nd Project Workshop, Ulm

June 16th 2023

19

Co-funded by
the European Union



Co-funded by
the European Union

Clean Hydrogen
Partnership

mpH\N

F 5YMMBIO

RECIA MICHELIN HYDROGEN COMPANY

DOLPH\N

Disruptive pemfc stack with nOvel materials,
Processes, arcHitecture and optimized INterfaces

frswW

=

-,
HEXCEL @

MANCHESTER

The University of Manchester

g Chemours-

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking under grant
agreement No. 826204. This Joint Undertaking receives support from the European Union’s Horizon 2020

Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research. DMG MDRI

ADDITIVE

DOLPHIN: 2nd Project Workshop, Ulm Progress on design and modelling — J. Rapior June 16th 2023 20



	Foliennummer 1
	Updates on modelling
	Informations shared during 1st workshop
	Ionomer and catalyst distribution
	Ionomer and catalyst distribution
	Stack specification and design
	1.1 - Stack specification
	100kW Stack specification
	5kW stack specification (TP4)
	Electrical and fluidic core :
	Electrical and fluidic core
	Electrical and fluidic core
	Characterization protocols and Quality assessment
	Definition of system conditions
	Definition of system conditions
	Definition of system conditions
	Definition of system conditions
	Definition of system conditions
	Test protocol
	Foliennummer 20

