WP40 Modelling / simulations + WH®sting w =t PRHYDE

Hydrogen refuelling

Update on Completed Testing with Complimentary Modelling, and Further Anticipated

Presenters: Alexander Grab (Nikola), Fouad Ammouri (Air Liquide), Christian Spitta (ZBT), Michael P¢
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. =
Introduction wi=! PRHYDE

Hydrogen refuelling

This section of the presentation summarizes the PRHYDE testing campaign conducted on the Nikola tank.

A THs representative tank (H70, Type 4, 165L) was tested under a variety of conditions with the ambieootiem pepataterere
initial pressure, and pressure ramp rates varying from a reference case.

The primary objective of this testing campaign was to provide WP4 with experimental data to validate the OhétDvéinoeCiSBdtodels
study the protocol approaches developed in WP3.
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Test Setip / Schematic wm PRHYDE

Hydrogen refuelling
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Executed Test MatiNikola Single Tank Testing “{EthH!D :

Hydrogen refuelling
Test Matrix
Test Initial Pressure | Ambient / Chamber | Dispenser Pre-cooling | Dispenser Pre-cooling . . . o
Test N um ber 1 Tank ) . ) ) Dispenser Pressure Profile End of fill Criteria
Number (bar) Temperature (°C) Temperature (°C) Tolerance (°C)
represe nts the 1 | Type4, H70, 165 20 15 20 +7/0 Constant PRR - 8 MPa/min 97-100% SOC
f 2 Type 4, H70, 165L 20 50 -40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
re e re n Ce Case 3 Type 4, H70, 165L 20 40 -40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
4 Type 4, H70, 165L 20 -30 -40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
, 5 Type 4, H70, 165L 20 -15 -40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
A B (@) | d ed an d 6 | Type 4, H70, 165L 20 0 -40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
. 7 Type 4, H70, 165L 20 15 -33 +0/-7 Constant PRR - 8 MPa/min 97-100% SOC
Underllr]Ed text 8 | Type 4, H70, 1651 20 15 26 +0/-7 Constant PRR - 8 MPa/min 97-100% SOC
9 Type 4, H70, 165L 20 15 -17.5 +0/-7 Constant PRR - 8 MPa/min 97-100% SOC
represe nts 10 | Type 4, H70, 165 50 15 40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
Val’lance from the 11 Type 4, H70, 165L 250 15 -40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
12 Type 4, H70, 165L 20 15 -40 +7/-0 Constant PRR - 5 MPa/min 97-100% SOC
refe re n Ce Case 13 Type 4, H70, 165L 20 15 -40 +7/-0 Constant PRR - 16 MPa/min 97-100% SOC
14 Type 4, H70, 165L 20 15 -40 +7/-0 Constant PRR - 20 MPa/min 97-100% SOC
20 MPA/min for 3.85 min, transition to .
15 Type 4, H70, 165L 20 15 -40 +7/-0 AMPA/min 97-100% SOC
16 | Type4, H70, 1651 20 15 40 +7/0 20 MPA/min for 3.85 min, transitionto | o, ;50 <yc
3MPA/min
20 MPA/min for 3.33 min, transition to 1
17 Type 4, H70, 165L 20 15 -40 +7/-0 MPA/min with pulse of 8 MPA/min for 10s 97-100% SOC
every 30s
18 Type 4, H70, 165L 20 40 -17.5 +0/-7 Constant PRR - 8 MPa/min 97-100% SOC
Notes:
1 Vessel is soaked to ambient/chamber temperature with a +2/-2°C tolerance at the start of each test
2 Initial pressure tolerance is +1/-1 bar
Dispenser pre-cooling temperature represents a stabilized target. Acceptable tolerance for each target is the standard pre-cooling range; T20 (-17.5C 5
to -26C), T30 (-26C to -33C), T40 (-33C to -40C)
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SOEIL w = PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

__S_OF_IL: _sfoftwa_rée_to _estim_ate _g_as_tempe_rat_ure & mas_s_w_hén_ - @ AirLiauide
filling / defueling gas tanks for safety & energy optimization AR

#,
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‘!' In-house software @ R&D Air Liquide since 2010

Validated during
HyTransfer project

Stations

- On experimental fillings and CFD
results

- .Fi”ing : : : : - - - For horizontal tanks type llI/IV
Defueling - : : : v ﬁ
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r =T : . Filling Ceriters - Precise
¥ | E /.-""“.:.-. ; Refue"ing
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i - 0D-gas
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U

Py - 2D-piping discretization

. , Pressure ramp rate
Mass & energy balance equations Precooling T° Storage tanks
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Analyzed Results H= PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

The Test #1 graph shows ~ 1est #1 and 2 results G
the reference case for the 7 B

Tind
testing campaign : Tins
a Tinb
. Initial pressure bar 20 @ @ @
Severe horizontal e s
. . 4 = Initial pressure bar 20
Tdisp C -40 e -
stratification was observed " e i - e =
- - ., . 60 pY &
In the hot ambient condition » N Tisp c 4 0
o> 20 ~ PRR MPa/min 8 a0 ©
(&) [ <
(+50C) Of TeSt #2 <50 10 3 30 ¢
245 ° 20 §
= 0o & S
§40 - 10 &
E 35 e 0 g
L. 20 2 10 §
8 a0 & 20 §
25 30 2 i &
40 ° o3
20 40 40
15 50 50
0 200 400 600
Time (s) Time (s)
Tinl —=Tin2 —Tin3 Tinl —Tin2 —Tin3
Tin4 cenTINS e Tiné Tin4 TinS «-TinG
Tinll —Tin12 —Tin13 -Tin11 ~—Tin12 —Tin13
wnTiN e Tinls e Tin16 ~-Tin14 e 115 L T Tin16
—SOFIL - Tgas - =Exp - Tgas,average —Dispenser temperature —SOFIL - Tgas — -Exp - Tgas,average —Dispenser temperature

7

20 SEPTEMBER 2021 ANWEBINAR WWW.PRHYDEIA



Analyzed Results

Test #7 and #8 show that
there may be opportunity tc
competitively fuel HD

CHSSO6s at

cooling ranges (ex: T30)
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Test #7 and 8 results

w, = PRHYDE

Protocol for heavy-duty
Hydrogen refuelling
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Analyzed Results

Tests #15 and #16 study
the affect of stratification
resulting from low gas
Injection velocities, which
may be present during a
Ot hrottling
a Tgas or SOC based
throttle.
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Test #15 and 16 results

w, = PRHYDE

Protocol for heavy-duty
Hydrogen refuelling
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n = PRHYDE
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ZBTd Progress on test station w 2= PRHYDE

Hydrogen refuelling

700, 500 & 350 bar fueling at two dispensers up and running

PLC extension for vessel testing installed and commissioned

oot
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Test field overview Pictures: ZB

Main dispenser
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ZBTo Progress on tanks

Hexagon (700 bar, type 4, 244 )
A Vessel incl. TE tree with 16 sensors delivered
A Final installation ongoing

A Next steps flushing, conditioning and testing

NPROXX (500 bar, type 4, 350 I)

A Vessel incl. TE tree with 4 sensors delivered

A Next steps installation

Luxfe(350 bar, type 3, 322 1)

A Manufacturing & assembly of TE tree ONGRINYar NPROXX tank
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Protocol for heavy-duty

Hydrogen refuelling

TE tree of 700 bar

vessel

700 bar Hexagon tank
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