ST

Karlsruher Institut fur Technologie

(@ airLiquide

v

HEALTH & SAFETY
LABORATORY

WP1 - Management
Air Liquide, Paris-Saclay, France, 16 October 2018

Pre-normative REsearch for Safe use of Liquid HYdrogen

Pro-Science

Uister
l'Urwersﬂy

WARWICK &

THE UNIVERSITY OF WARWICK

g

Lo S - x ..
i L B T



2

Objectives PRgLHY

O

O

Report on the initial state-of-the-art and knowledge gaps with priorities
related to the envisaged use of LH2

Execute adjusted experimental program addressing release, ignition and
combustion phenomena with highest priorities

Document and publish detailed, aggregated and interpreted data in a FAIR way
Develop suitable models and engineering correlations and
iIntegrate them in a suitable open risk assessment toolkits
Provide enhanced recommendations for ‘ Pre-normative Research
safe design and operations of Industry, SDOs
LH2 technologies [ ——— State-of advance>
Support international SDOs in Regulations refe"t"> Sta"da’ds@
 updating of existing standards or . N ] t
» developing of new international (,modern approach*) UPEH/
performance based and risk informed standards new knowledge
Document and disseminate the enhanced state-of-the-art
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General Approach
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/ST T
WP1 — 4 WP2 - Technical Strategy & Evaluation (AL) O | Advisory Board
Management . | —
(KIT) Tz.lgh_eﬁgriliréo & T2.2 — Analysis of : (HySafe)
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CTl.tl —t L Regulations of Program : Alignement
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& /\ — _/ / |
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| International
/ : Communication
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WP6 — Technical Implementation (UU) * | International
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Outreach

g PRESLHY A

Exploitation &
Dissemination

Activities
. | J/
| |
Management Implementation
(WP1) (WP6)

ngineering

Handbook Guidelines
tools
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WP1 - Update PR@LHY

« Update of project officer: explanation of delay, reminder of due reference
(logo of FCH 2 JU at workshop etc)

 CA ssigned by all partners - copies will be distributed in M10

e ISO/TC197 PWI. ,Safe Use of LH2 in Non-Industrial Settings*
(to be presented at Day 1 6th December 2018 at 27th plenary meeting in Vancouver)

8.  Documents Published: ISO 19880-3:2018 Gaseous hydrogen — Fuelling stations — Part 3: Valves, developed by
WG 20 with Shogo Watanabe, from Japan as convenor and Yuko Yasutake as secretary.

9.  Systematic Reviews and Documents more than six vears old:

10. New work item proposals (PWI : Safe Use of LH2 in Non-Industrial Settings, Dr. Thomas Jordan, KIT. PRESLHY)

Dav Two (Friday Dec. 7™, 2018) 09 h to 14 h
11. Liaisons and reports of liaisons

11.1 Existing Liaisons (ex. ISO/TC 22 SC 37, TC 22/SC 41, TC 58/SC 2, TC 58/ SC 3 (N). TC 158, TC 220,
IEC TC 105, CEN/TC 268 (N ), CEN-CLC/TC6 (N), etc.)
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WP1 - Update PR@LHY

* Input for poster at Review Meeting
(to be delivered in coop. with WP6)

 Identification of a safety distance benchmark ,LH2 based HFS*
(WP6 to organise benchmark?)

e Next site visit:
TUD (Haberstroh) + Linde Liquefier Leuna
When:
2 days in Week 6 or 7 (first two weeks in M14 = February 2019)

PRESLHY 2nd General Meeting, 16-18 October 2018, Paris-Saclay, France



Date
(Project Month)

Next Meetings

Meetings / Venue

Host / Organiser

(Internal)

Workshop Topic

Kick-off Meeting

Optical Measurement

1 (1st Project Meeting) KIT and Electrostatics
Karlsruhe, Germany
1 Initial Workshop HYSAFE Research Priorities

Brussels, Belgium

2"! Project Meeting

Paris, France

Workshop on LH2

Crvo-Techniques

3" Project Meeting

14 Buxton, UK
4™ Project Meeting

21 In combination with ICHS2019
Albuquerque. USA
5" Projé

26 Athens, Gre

33

35 be in Adelaide South Australia).

I 10 PRESLHY 2nd General Meeting

HYSAFE/
Sandia  National
Lab

NCSRD

P.T, flow
measurenient

To be combined with

site visit? Or delayed
one month?

Two phase
measurements

Numerical Tools,
CFD and
Risk Assessment

In the contract the 4th project meeting in September 2019 was announced in combination with the
ICHS2019 (in the preparation phase we were assuming Sandia/Albuquerque to host, but now it will

| recommend to host the meeting in Europe, but if you believe there is a good reason to do
the meeting there and you confirm there is budget for this, | will not have any objection and
the costs will be considered eligible -taking into account this is mentioned in the GA — but
please let me know in advance if this is your final decision.




Advisory Board PR@LHY
US

Air Products Industry

NEg]E

Derek Miller

Andrei Tchouvelev AVT CAN General Expert, SDO (1ISO), SME

Derek Miller |

Andrei Tchouvelev

DLR D Large Scale User, General Expert
ET D Aerospace Expert

GexCon N Modelling Expert, SME
Jiilich D General Expert, Research
KHI JP Industry, Naval application
LLNL us Research, Cryo-compressed
Shell UK Industry

SNL us Research

Uni Dresden D Cryo

Olav Hansen
Gerd-Michael Wirsi
Pietro Moretto
Volker Schroder
Steve Woods
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Proposal for PRgLHY

new Advisory Board Members

 Andreas Haberzettl, DLR Germany (RPW participant)
 Bernhard Strauss, ET EnergieTechnologie Germany and

 Etienne Studer, CEA France
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Gantt Chart today PRgLHY

| 2nd period (month 19-36
PRESLHY schedule Year 2 &
Work packageitask title 1516|1718 19[20| 21 |22 | 23 |24)25|26|27|28]29]|30]31(32|33|34|35|36
WP1 Management of the Project and Consortium Kick Off Meeting Midterm
Task 1.1 Contractual, admmistrative and financial project management continuous wbrk on demand continuous work on demand
Task12  |Data Management Plan D1.3 .I1 D1.9 p110 | | D1.11
Task13 Intemnal comnminication and meetmngs D1.1 | 1.4 D1.5 D1.6 D1.7 D1.8
Task 14 Extemnal communication, project website D1.2 = '
WP2 Technical Strategy and State-of-the-Art !
Task21  |State-ofthe-Art D2.2 D2.5) !
Task?2.2 Analysis of Standards and Regulation D !
Task?2.3 Research Prionities Workshop D2.4 !
Task2.4 Refinement of the Program . D2.a : continuation on demand
WP3 Phenomena Release and Mixmg :
Task3.1 Theory and Analysis i D3.1
Task3.2 Sinmlations i D3.2
Task33 Esperiments i D3.4 D3.5 D3.6 D3.3
WP4 Phenomena Ignition |
Task4.1 Theory and Analysis | D4.1
Task4.2 Sinmlations | D4.2
Task43 Esperiments I [D4.4 D4.7 D4.6 D4.5 |D4.8 D4.3
WPS Phenomena Combustion !
Task 5.1 Theory and Analysis : D5.1
Task 52 Smmlations : D5.2
Task 5.3 Expenments : D5.5 |D5.4 D5.6 D5.7 |D5.3
WP6 Implementation - Exploitation and Dissemination i
Task6.1 Handbook of Hydrogen Safety: chapter on LH2 safety | Dé6.1
Task6.2 Guidelnes for safe design and operation of LH2 mfrastructure | Dg.2
Task6.3 Recommendations for RCS 1 D6.3
Task6.4 Engmeermg correlations and tools | D6.5
Task6.5 White Paper on the use of LH2 | Dé.4
Task6.6 Dissemmnation Conference D6.6 | Dé.7 | D6.8/D6.9
1st period (month 1J18 | 2nd period {(month 19-36
-+ Year 2
Work package/task title 1] 2]3]alsle|l7]8]9lml11]12]13]14]15]16]17]18]19]20]21]22]23]24|25] 26] 27| 28| 29| 30]31]|32] 33|34 [35] 36
|
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Table of Deliverables at M10 PR@LHY

short Short
Delivera : Work name of Dissemin Delivera .. Work name of Dissemin
- - Delivera - - - - . N b = bl - elivera k = lead a - : a
Number =% ble s + package % lead + Type &+ ation umber - ble - ~ package ~ lea s Type = ation -
ble name - ble name ..
(number) number participa level (number) number participa level
nt nt
N N |
D1 D1.1 Kick-off 1 KIT OTHER co 1 D4 D1.4 2nd Project I1 KIT OTHER co 9
Meeting I Meeting
D2 D1.2 Website KIT DEC PU 3 D21 D3.4 Summary 3 P5 REFORT co 1"
including of
internal experiment
communica series E3.1
tion tools (Discharge)
N results
D12 D2.1 RCS 2 HysSafe REPORT PU 3
Analysis D27 D4.4 summary |4 INERIS REPORT co 11
D13 D2.2 State of the 2 AL REPORT PU 3 of .
e REporE experiment
B series E4.1
D14 D2.3 2 AL REPORT PU 4 (General
llation ignition)
ription results
D15 D2.4 LH2 Hysafe OTHER PU 4 D9 D1.9 1st Annual 1 KIT REFORT co 12
Research Data
Priorities Reporting
Workshop
D5 D1.5 3rd Project 1 KIT OTHER cCo 14
D16 D25 Phenomen AL REPORT PU 4 Meeting
a
Identificatio D36 D5.5 summary 5 P5 REFORT co 14
n and of
Ranking experiment
Tahle series ES.2
Analysis results
D17 D2.6 Refined AL REPORT PU 5 D35 D5.4 summary 5 Ps REPORT co 15
Work of
Program experiment
- — series E5.1
D3 D1.3 ._,‘-3 ta 1 KIT ORDP PU 6 results
Vianageme
T D18 D3.1 Theoryand 3 NCSRD REPORT PU 18
! Ers_'f;] o Analysis of
o cryogenic
D44 D6.6 Plan for 6 ULster REPORT PU 6 25 52
Mice release and
Disseminati : )
- ispersion
Communica
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DDaI L1V

| 2nd period (month 19-36

PRESLHY schedule Year 2

Work package/task title 18)19]20]21|22[ 23] 24| 25] 26| 27| 28] 29| 30] 31| 32| 33[ 34| 35| 36

WP1 Management of the Project and Consortium Kick Off Meeting Midterm
Task 1.1 Contractual adnunistrative and financial project nanagement continuous work on demand continuous work on demand
Task 12 Data Management Plan
Task 1.3 Intemal conmmmication and meetings
Task 1.4 External commminication, project website
WP2 Technical Strategy and State-of-the-Art
Task2 1 State-of-the-Art
Task 2.2 Analysis of Standards and Regulation
Task23 Research Prionities Workshop
Task24 Refmenent of the Program continuation on demand
WP3 Phenomena Release and Mixing
Task 3.1 Theory and Analysis
Task 3.2 Simmilations
. - od o | wn = w
Task 33 Expenments = = =|= = =
WP4 Phenomena Ignition
Task 4.1 Theory and Analysis
Task42 Simlations
™ - = [ ) =) ©
. ) o0 - - (=2} ~ — — —
Task 4.3 Esperments = = = = = = = = = =
WP5 Phenomena Combustion
Task 5.1 Theory and Analysis
Task 5.2 Simlations
=1] I~ (=10 =] = [ | ] =
- - o | = ol od o od
Task 5.3 Experments = = =|= = = = =
WP6 Implementation - Exploitation and Dissemmation
w3y
o
Task6.1 Handbook of Hydrogen Safety: chapter on LH? safety =
w
od
Task 6.2 Guidelmes for safe design and operation of [H? mfrastructure =
o
[t
Task 6.3 Reconmendations for RCS =
[=2]
&~
Task 6.4 Engineenng correlations and tools =
.
o
Task 6.5 White Paper on the use of LH? =
=]
o
Task 6.6 Dissemmation Conference =
1st period (month 1-18 2nd period (month 19-36
2 2 Year 2
Work package/task title 1121 3l4]s5] el 7]8]9l10[11]12]13[14[15]16]17] 18] 19]20]21]22[23[24[25] 26| 27| 28] 29] 30| 31]32[33]34[35] 36
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Deliverable 1.3 — Data Management
Plan — Version 1.5

Table of Contents
Ty O U ii

Acknowledgements, Preface and Disclaimer..........o it e e e e ii

FPublishable SNOTLE SUMMATY coisnsnicsmisimmimmmissiis s meniseavsswl]

Rl T s e s 3 B B B i i iv
T SUIIMETY s e e e T T R 1
Z N ARG ) TN B o s oo e st e S 2
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4 Making Data INISTOPRTaDIe ......ooooo v imimans s s s s s d s s sy s pissnay D
I U e B D S R R L U USSR 6
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DMP - Internal Data Management PR@LHY

Experimental Experimental Experimental
sub-program sub-program sub-program

Local Local Local

repository

repository repository

INERIS KIT HSL
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DMP - Preparing PR@LHY
Experimental Experimental Experimental
sub-program sub-program sub-program

HSL

INERIS KIT

Select,
edit DOI
transfer




DMP - Preparing

PRESLHY

Experimental
sub-program

Wolor:1
repository

INERIS

Experimental
sub-program

Local

repository

KIT

Experimental
sub-program

Local

repository

HSL

Select,
aait

transfer DOI :
|
repository KITope:) :
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DMP — File Name Convention

PRESLHY

20

3 integers = 6 integers
2 integers = | | number for date
number of of experiment (YYMMDD) or
exp. series within series timestamp
within (O=metafile, (in particular for
work series photographs)
package description)

FAT

——
PRE302KIT001DEVISE181001 EXT

LYJ

K_YJ \

1 integer for
work package,
3=WP3 for
release and
mixing
4=WPA4 for
ignition
5=WP5 for
combustion

Partner
,KITY  HSL”
or,INR”
(for INERIS)

I

LYJ

6 characters
indicating
measured
guantity and
location or device
(,P#0008“ or
,TH#0001,
,PHOTRN"
»NIKON_“..)
details in metafile

Standard

file extension
(e.g.,txt”
Lpg’, ,avi‘,...)

PRESLHY 2nd General Meeting, 16-18 October 2018, Paris-Saclay, France
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21

DMP —
Metafile

Template
p.1/2

PRESLHY 2nd General Meeting,

Pre-normative REsearch for Safe use of Liquid HYdrogen P R@LHY

PRESLHY-WP/Exp./Inst. Phenomenon: Issue addrﬂsedf[}hi'ecﬁve

WP3/E3.1/Pro-Science Small 5cale Multiphase Release | Discharge Coefficients of

pressurized or LH2 Releases

Experiment Documentation Sheet

Experimental Set-U

* Ambience

Vacuum Pump

Hiydragen, Mitragen o
200 bar O B o
[rala —
Argjuisition W ‘_"IV_
TL, T2, Fowce
Pi, P2, SEnsor - i)
Force, Scales ~

Fig. 1: Sketch of the DisCha-Facility with instrumentation (relevant drawings of vessel and nozzles
used can be found in appendix Al).

) @

4h

Fig. 2: Sketch of sensor positions inside and outside the DisCha-vessel.

Tab. 1: Sensor positions inside and outside the DisCha-vessel

Sensor r [mm] h [mm] al[’] Sensor x [mim] y [mm] z [mm]
T1 -60 30 180 T3 ] 0 0
T2 -40 110 180 T4 100 0 0
P1 40 140 0 5 200 0 0

C1 300 0 0
c2 400 0 i}
Cc3 500 0 0




Pre-normative REsearch for Safe use of Liquid HYdrogen P RgLHY

PRESLHY-WP/Exp. Number:
WP3/E3.1

DMP —
Metafile

Template
n.2/2

Phenomenon:
small Scale Multiphase Release

Issue addressed/Objective
Discharge Coefficients of
pressurized or LH2 Releases

Data Acguisition System(s)
Settings of the Slow Data Acquisition System (Freguency: 1 Hz)

Only used for pressure record of filling procedure

Settings of the Fast Data Acquisition System:

Frequency: 1 kHz Duration: 32 kSamples

Pre-Trigger: 30 % Recorded time interval: -19.7 .. 4595
Trigger: Channel A5 (Enter Window 0.058 ... 4.9 V) OR Channel B1 (enter Window 2 .. 9 V)

Duration: 65536 5

Tab. 2: Channel-settings of the fast Data Acquisition System

22

(f::r S;}r:— Type 5;;'_ Range Sensitivity Filter Raﬂncgqe. F;]ta Remarks
Al Pl Kulite ITQ-100 | 109 0-35 bar 3.5 bar/V none | -0.1.49
A3 T1 | NiCr-Nijd=03) | - 10 KV none | -0.1.4.9
ad T2 | Nicr-Nijd=03) | - 10 KV none | -0.1.49
AS F Althen 123 0-2 kN. 0.2 kNS none | -0.1.99
AB W MT-IND 429 - 0-150 kg 15 kg/Vv nong | -0.1.99
A7 T3 | NiCr-Nijd=03) | - 10 KV none | -0.1.49
A Cl MK FTC300 513 0-100%H2 | 10%H2/\V none | -0.1.99
Bl T4 | NiCr-Nijd=03) | - 10 KV none | -0.1.4.9
B2 c2 MK FTC300 514 0-100%H2 | 10%H2/\V none | -0.1.99
B3 T5 | NiCr-Nijd=03) | - 10 KV none | -0.1.4.9
B4 Cl MEK FTC300 515 0-100%H2 | 10%H2/\V nong | -0.1.99
B3 TRG Trigger TTLA - none -1..9
Experimental Conditions
Tab. 3: Initial conditions of the DisCha-Experiments
Ambience WVessel
Exp.- Date Start Time Temz. | Pamo. | RH Ty Po* Remarks
Nr. [DD/MMAY] [hhy/mm,ss] [K] | [bar] | [%] [K] | [bar] |ie.s: HZ or N2, Wind,..]

*relative Pressure

PRESLHY 2nd General Meeting, 16-18 October 2018, Paris-Saclay, France




Repositories PRgLHY

RADAR services for 25 years and the estimated 2 TB storage:
https://www.radar-projekt.org/display/RE/2016/05/09/Updated+price+information

25 x 500 Euro = 12500 Euro net
+ per 1 Gigabyte published data
2000 GB x 6,37 = 12740 Euro net

Total: 25240 Euro net

KiTopen services are free (initially limited to 10 years)
https://www.bibliothek.kit.edu/cms/english/kitopen.php
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Data Input Interface for KITopen PR@LHY

hyg Edit Page < International Asse X \ @ (237) Pinterest X | Linguee | Deutsch-Englisch Vv X ‘ Q KIT-Bibliothek | Forschen & P X |§ KiTopen | Erfassung & Publik x-‘ Jen Der neue Jeep® Renegade - X | +
& - C @ hitpsy/dbkitbibliothek kitedu/start.php aQ # Q0 a6 ¢ @ “‘ g & @ ;
i Apps ‘ Smallpdf b HySafe § SPIEGEL M Digg Worterbuch E Deutschlandfunk == SWR2 ﬂ SWR3 Science 8§ Spektrum  E Wahrungsrechner !‘L'S QisPos [l Horizon2020 (0 heise » | Weitere Lesezeichen
ﬂ(IT KIT-Bibliothek » KITopen » Erfassung & Publikation @ » Neueingabe & Thomas Jordan =
Karlruher Institut Kt Technologie MNeueingabe verwerien
S Titel der Daten

Alle meine Publikationen

;*"Empli:"”‘aﬁ"“e" meines Hersteller* © Kollaboration @ Mitwirkende
2. B._Mustermann, Max" {ein Name pro Zefie) T 2. B Mustermann, Max™ (ein Name pro Zelle)
? Hife < 4 | 4
Erstellungsdatum {von) Erstellungsdatum (bisj* Publikationsjahr* & Dol @
| i wird automatisch vergeben

Zugehdrige Institution{en) des KIT* &

Abstract Abstract (englisch)

Liesmich* @
Informationen, die den Umgang mit den Daten erfdutern. Bei reinen Biiadaten genigt ein Hinweis Bild”

Schlagworte &
Lizenz*
Deridie Hersteller der Daten sind auch Rechteinhaber®

# Die Daten diirfen sofort verdffentlicht werden.

KIT-relevante Informationen ~

HGF-Programmnummer & Leistungskategorie & PSP-Element @
ZB. 320115 zB.,01" 2B FE1234.35676.9012°

Projektzugehorigkeit ~

Projekt @

Bearbeitungsdaten v

og | wi x3 | r3 |

= i
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Nomination of Data Management TeanPRaLHY

— KIT: T. Jordan

— Pro-Science: A. Friedrich

— HSL: ?

— INERIS: ?

— WP2: E. Vyazmina
— WP3: A. Venetsanos

— WPG: D. Cirrone
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Original extended experimental PRgLHY

program for...

WP3 — WP4 — WP5 —

Release & Combustion

Mixing

Ignition
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WP/ Phenomena/
Exp. Nr. Name

Issue addressed/

Obijective

To be investigated

Variation of

Range of

variables

n of
variations

Partner/
Test facility

WP3 Release (experiments set italic are in reserve because of budgetary constraints)

E3.1 Small Scale | Discharge Coefficients | pressure changes in bulk vessel | Initial pressure 0-200 bar | 4 KIT/
Multi-phase of Pressurized or LH2 | temperature changes in a jet (sub-critical & HYKA-H8(He)
Release Releases mass flow rate supercritical) DISCHA-facility in Test
inertia (thrust), weight chamber
V =2.867 dm3
BOS images, laser diagnostics of jet | Initial temperature 25-200K 4
principle structure, potential wall
attachment/ impingement
Nozzle shape and cross- 4
sectional area
Extraction point 3
(high/gaseous-low/liquid &
middle)
E3.2 Multi-phase Charcterisation of Pressure, temperature, | 0-1000 bar? | t.b.d. HSL/
High  Pressure | Pressurised LH2 release type (length and | (or highest Suitable vessel
Release releases using diameter, orientation, | pressure required/system required
characteristic pipe thrust, discharge coefficient | possible)
diameters
Scale up of E3.1 wrt
inventory, release
rates & p
E3.3 Mid-Scale LH2 jets/near field |flash rate, momentum, velocity | orifice size, pressure 5/15 mm ; 0-[3x3 INERIS/
Multi-phase cloud dispersion (Temperature pressure and 10bar 2 m3 vessel + 20 m line
Release concentration measurements in the (1"ID)+discharge
near field from 0 to 1m), valve+calibrated orifice
Cloud dispersion : temperature et
concentration measurements (field
instrumentation ~10 m)
E3.4 Pool of LH2 Evaporation a spill of | evaporation rate, cold gas mixing, | Material of the ground solid-liquid- |3 KIT/
LH2 02 entrainment porous HYKA-H110(N2)
1m2 BOS imaging Initial temperature 77-300K 3
temperature profile in a gas
concentr. profile in a gas
E3.5 Rainout Tests LH2 Spray | evaporation rate, pool formation release height |3 HSL/
evaporation/ Pool Pool facility
formation
release 3
up/down/horiz
ont.




WP/
EXp.
Nr.

Phenomena/
Name

Issue addressed/

Objective

To be investigated

Variation of

Range
variables

of n

variations

of

Partner/
Test facility

WP4 Ignition (experiments set italic are in reserve because of budgetary constraints)

E4.1 General fundamental ignition | influence of the adiabatic mixing Concentration/temp 410 715% H2, | 10 INERIS/
ignition parameters (MIE, | temperature on the standard ignition -100°C to | concentrati | Available mixing nozzle
AIT) parameters ambient ons/temp
(adiabatic
mixing)

E4.2 Electrostatic Pressurized LH2 jet Electrostatic measurements Initial pressure 0-200 bar KIT/
ignition in cold HYKA-A1
jet "Paul Coupe"-Facility

Auto-ignition mechanism Initial temperature 33-200K
BOS images of the jet Nozzle diameter
H2 concentration profile

E4.3 Electrostatic Large scale cold cloud | Electrostatic measurements 6 HSL/
ignition in cold | (combination with same as 3.5
plume E3.5)

Auto-ignition mechanism
BOS images of the plumes
H2 concentration profile

E4.4 Ignition above | a spill of LH2 ignition position Material of the ground solid-liquid- KIT/
pool porous HYKA-H110

1m2 BOS imaging Initial temperature 77-300K same as E3.4
temperature profile in a gas

E4.5 Condensed Ignition of | Composition, energy and types of Produce under idealised HSL/
phase ignition LH2/LOX/solid ignition source conditions to understand Blast test facility

oxygen mixtures sensitivity and conditions
for ignition.

E4.6 Diffusion Pressure limits for | Influence of temperature pipe Initial p, T; pipe diameter, KIT or HSL
ignition of | spontaneous ignition | diameter, length, orifice shape length, orifice shape,
CcH2 position of rupture

membrane




WP5 Combustion (experiments set italic are in reserve because of budgetary constraints)

E5.1 Jet Fire Pressure  and | Effects of variations on | Mass LH2 /| 0-200 g/ 3 KIT/
heat radiation | heat flux and dosis, temperature, max | initial pressure 0-200 bar DISCHA in
effects pressure and rise rate HYKA-V220
Measured with Nozzle diameter 1-4 mm 3 Q160 or H110
High speed video, BOS, pressure and | Ignition location 0-2m 5 (similar E3.1)
radiation probes (bolometers)
Ignition delay times 0-1s 4
E5.2 Flame acceleration | H2-air mixture | Critical conditions for FA H2 concentration H2 KIT/
and in concentration HYKA-H110
DDT at cryogenic | obstructed tube | Critical conditions for DDT Initial temperature 50-200K or HYKA-Q160
temperatures 50 mm id
Flame dynamics Initial pressure 1-5 bar
Schlieren images
Pressure measurements
H2-air mixture Initial temperature H2
in  congested concentration
tube 0.7m id
E5.3 Flame propagation | 3x9 m2 floor Flame dynamics (video), Pressure | Initial temperature, 33-300 KIT/
over a spill of LH2 measurements, Temperature | Evaporation rate (derived in HYKA-H110
measurements, BOS images E3.4) (same as E3.4 and E4.4)
E5.4 BLEVE LH2 Max radius of fireball Mass LH2 0-100 g KIT/
HYKA-V220
Max. time of fireball ignition delay 0-2s or HYKA-V3
Dynamics of fireball Initial pressure 1-10 bar
Pressure outside
E5.5 Flame propagation | FA and DDT | Flame dynamics (video), Pressure Congestion, tbd tbd HSL
in obstructed | with real | measurements, Temperature confinement,
/confined cold | geometrical measurements, BOS images inventory,

cloud

constraints

ambient conditions
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