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KIT Experimentdlasks 4.3.1 Qhimrs

C Task 4.3 Performance of LH2 components and explosion consequences (Lead [éftner:
The scale of an LH2 explosive process (Blikg)Enside the transferring line.

C Sub task 4.3.BLEVE tests with a shock tube .
filled with LH2 in an A2 vessel (Lead: KIT) A Blast Wave Structure: Resolve the mpkiak structure of

e zeonmmemns J the blast wave using BOS technology.
PqE \ | : A Process Separation: Disentangle the physical explosion
= e F&, | (pure BLEMBOollingLiquidExpanding/aporExplosio

from the chemical combustion process.
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KIT Experimentdlask 4.3.1 Qs

C Sub task 4.3.BLEVE tests with a shock tubked with LH2 in an A2 vessel (Lead: KIT)
Tasks in V220

I I I D D DD D D D D

Ultra Fast Camera Set + Inert Box

Flicker free lights

Patterned background

Sealing V220

Floor + Structures

Lifting system

Tanks

Vacuum system

Safety valves

Piping

Feedthroughs (exterior/V220/LH2/Vacuum)
Sensor mounting (O2, Pressure, Temperature)
Data acquisition

-Control program (LabView, Signal Express)
-Signal reading devices (Feist, LS, NI)
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iImentdlask 4.
C Sub task 4.3.BLEVE tests with a shock tubked with LH2 in an A2 vessel (Lead: KIT)
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KIT Experimentalask 4.3.1 Qhimrs

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

A Dimensions: L=1000 mm; Di=50 mm
AHydrogeninventory: £ wMHp 3 OKF dnn YY% &
A P = adressed above and below critipadssure
A Ti =20K (only initial T knowsrheating)

Pressure 15
(bar)

Ignited

Unignited X X X X
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KIT Experimentalask 4.3.1 Qhimrs

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

Shock Tube Cut view

L
@ Internal measurementgcold): & \ l 7/
. Ooo &
=" - Dynamic pressure (5+1 positions \, Ty A et ]
/I\
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\Vacuum Valve for GF |~

\’- along the tube)Cryogenic

il T vl L / i i
) i B | ¥ | piezoelectric [Check Vawe Oute]
: %' e 7% - Static pressure (1 static in tee): e
4 !:$ & 30 barcryo -
| \ - Differential pressure (prototype to PEBP senser (O]
| ‘11, be tested).0- 8 mbar
ﬂ || - Temperature (5 positions along Laser | (pica Dioce |
‘ [’ the tube at the same level as (Check Valve Inlet |
piezoelectric: diodesyilicon Diodes AP Sensor|

IPCB P Sensori‘ e

i Interface position (level) dynamic
A (thermo diodes)

o o” &

High Vacuum
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KIT Experimentdlask 4.3.1 SKIT

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

Test of 01.12.2025 open; no vacuum

PRELIMINARY TESTS with LN2

A Use the same facility and arrangement to fine tul
(departs from simplified to full operation)

A LN2

A Flow of 0,8 L per minute (ca. 25 | in 30 min)

A Membranes were tested producing a range of 8
25 bar
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KIT Experimentdlask 4.3.1 Qhimrs

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

GENERAL CONDITIONS AND ADDITIONAL ACTI
LH2

A Each experiment required 50 to 60 L of LH2 to b
performed.

A Membranes 5 different thicknesses. Rupture clos

|

|
|
{
fﬁ

to analysed for LN2

A Adaptations were introduced for the ignited tests
to protect equipment

A Inertizedatmosphere had 10% oxygen

A Vacuum tanks at ca 1@ mbar
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KIT Experimentalask 4.3.1 Qhimrs

G Sub task 4.3.BLEVE tests with a shock tube 5~
filled with LH2 in an A2 vessel (Lead: KIT) 2007 A lgnited ®

=== Peit = 12.8 bar,

17:5 %

15.0 -

A Ignited and unignited successful

12.5:

Experiment designation
1. ELE431KIT021DATA20260722
2. ELE431KIT031DATA20260723
3. ELE431KIT041DATA20260724

10.0 - o

O

O

(O 4. ELE431KIT011DATA20260727
7.5 =1 .

©)

4

®

A Above and below critical pressure

5. ELE431KIT031DATA20260728
6. ELE431KIT041DATA20260729
7. ELE431KIT041DATA20260730
8. ELE431KIT041DATA20260731

Rupture pressure, prypture [Dars]

A Raw experimental results by ends 0] @ $ {nmmminn
Of \]ulﬁ026 A 10. ELE431KIT132DATA20260805

A\ 11. ELE431KIT141DATA20260806
2.54 /\ 12. ELE431KIT142DATA20260806

0.3+0.1 0.4

O.Il 0.2 0.3
Membrane thickness, t,, [mm]
Rupture 5 i 15 20
Pressure (bar

Ignited 4,80 11,23 13,24 18,22

Unignited 4,87 11,21:11,26 14,17 20,27-18,75 )
10,79 17,84
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KIT Experimentdlask 4.3.1 LN2 & LH2 Qhnrs

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

- Temperature inside Shocktube ELE431KIT031
| . 300i
250 + i
| 250 |
200 '
¥ i 200
g 150 <
2 5 =~ 150
5 |
- s
ooy 100 |
ey 50 [
% ls fo 1|5 2|0 % i 35 2o J—ISI""".I'.';"I"IOI
Time (minutes) Time (min)
Succesfufilling Filling LH2 P Sudden
A Filling with LH2 is faster (higher pressure) (20 vs 7 min) start top risedecompression

A Temperature of 20 K was reached by all the SD diodes : 90% fillin
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KIT Experimentdlask 4.3.1 LH2 Qhimrs

C Sub task 4.3.BLEVE tests with a shock tubiged with LH2 in an A2 vessel (Lead: KIT) A“(IT

0.4 mm Conrad (18.75/ 17.84 bar(a))

80 0.1 mm (4.87 / 4.80 bar(a)) 5 0.3 mm (10.79 / 11.23 bar(a))
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Ll T I T 1 1 1 T I
H—— T2, 29/07 (18.75 bar(a)), AT =7.21 K —— 15 29/07 (18.75 bar(a)), AT =9.27 K 1
=== 730007 (17.84 bar(a)), ATy =846 K === Ty 30/07 (17.84 bar(a)), AT =5.52 K 1 wl
[|—— 75, 29/07 (18.75 bar(a)), ATpy =12.58 K = T, 29/07 (18.75 bar(a)), ATy =7.48 K ]
70 == 7230007 (17.84 bar(a)), ATy =1229 K ==+ T34 30/07 (17.84 bar(a)), ATy =9.70 K _ ol 1 &t
| : g 50 - %) 50+
. il S PR S e S
60 — — 40
[ Uppermost SD ] = e
A 1 et
Q 50 ekt 7 or ‘ . . ‘ ! . . 20
: B ‘ D s o e i S - 20 =i =i 9> Til:i)(s) % 50 13 24 -2.0 fll,S fll,() 7(;.5 Til:i(:)(s) 0?5 |fo 1T5
ki i i i it i A D A ) _ _f-'- :
@/ | —= o e i T e o 0.35 mm (14.17/ 13.24 bar(a))
- et T p—— - : .35 mm (14. . ar(a
I ——SSSE S W Y e Ruptures depicted at R
f | | ca.5,11,14 bar SR
30 7 ]
' ]
| b i 60
Lowermost SD 1
20 -
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-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Time (s)
. N N . . . 20 -
Comparison of cooling in rapid expansion from ca 18bar to ambient ) SUUUE S NS S DS DI SO SN

Time (s)

(rapld rupture) ) . o ] - Co-funded by . E— UK Research 11
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KIT Experimentalask 4.3.1 Qhmrs

C Sub task 4.3.BLEVE tests with a shock tubked with LH2 in an A2 vessel (Lead: KIT)

0.4 mm (18.75 / 18.22 bar(a))

0.1 mm (4.87 / 4.80 bar(a))

325 LA L L R L L R L L L B e e e e e e e e e ] 325 T T —r . T 1 1 1 T 1 17T T T T T 1T T T T T T T T T 7

B —— T, Unignited ===+ T, 1 Ignited |] B —— Tjer,1 Unignited ===+ Tju.1 Ignited |]

Tier, 2 Unignited Tier, 2 Ignited H Ty, > Unignited Tier,2 Ignited (4
320 = 320 .
315 N 7 315 - .
sor ] G 310+ :
305 a 5 L
e —mSET 1 7305

300 L
205+

I B
290 0 ! 1 | I T T T 1 L L 1 ! | - L ! 1 | 1 R

100 150 200 250 300
Time (s)

A We added two external temperature sensors (SD), but we conside n't fast enough

A But we're still going to include the information in the report

A The temperature is lowered by jet and then the cold cloud goes down cooling the surrounding of the sensor
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KIT Experimentdlask 4.3.1

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

ELE431KITO11

I
L

Time (s)

5 bar

PCI01{-10¢m)

1pC102 (-30 em)

PC103 (-50 cm)

PC104 (-70 ¢m)

1 1 ]
1.5 20

Optical and
multipurpose pg

Linear fit: 42 1.8 mv's, B>=0,990%
Lincar fit: 5118 m/'s, B=0.9980

Linear fit: 366.3 mv/s, B=0999%
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1PC102 (<30 cm)

JPCI03 (-50 cm)
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KIT Experimentalask 4.3.1 Qhmrs

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

View from ; .
release [l oo Different pressure sensors at ca. 1m away from the je
To center ¥ 750 axis.
of release In direction |
f rel . . . .
1130 orrelease The pressure wave in the case of the unignited is
P g lower than those for the ignited
S0y burning
PW113 0.02
2 SDLO _go,ms
- L(215219) £ oo
‘}LEE ﬂ: [ E" 114 g 0.005
PW112 oz o
1115 1 _Height oone
PW111 I Of Release -0.5 0 0.5 ‘nm1e @ 1.5 2 25
| PW111 (bar_a) | PW112 (bar_a) | PW113 (bar_a) | PW114 (bar_a) | PW115 (bar_a)
o 0.060 0.045 0.207 0.029 0.291
Close to -
vessel -\t Il U PW111 (bar_a) | PW112 (bar_a) | PW113 (bar_a) | PW114 (bar_a) | PW115 (bar_a)
290 -0.00126 -0.00681 0.00610 -0.00121 -0.00635
= Floor
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KIT Experimentdlask 4.3.1 LH2 ST

Karlsruher Institut fur Technologie

C Sub task 4.3.BLEVE tests with a shock tubiked with LH2 in an A2 vessel (Lead: KIT)

Webcams: Test of 06.08.2026; vacuumized-20ripture pressure 13,2bar; NO heater used
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ELVHY $reliminary experiments ERVHYS
AKIT
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. a/HYS
KIT Experimentdlask 4.3.1 LH2 ST

Karlsruher Institut fur Technologie

C Sub task 4.3.BLEVE tests with a shock tubked with LH2 in an A2 vessel (Lead: KIT)

DALSA: Test of 31.07.2026; vacuumizedZ,Gepture DALSA: Test of 06.08.2026; vacuumizedZ,depture pressure
pressure 14,1bar; NO heater used. UNIGNITED 13,2bar; NO heater used. IGNITED



KIT Experimentdlask 4.3.1 LN2 Qhnrs

C Sub task 4.3.BLEVE tests with a shock tubked with LH2 in an A2 vessel (Lead: KIT)

BOS image

originalimage

PhotronFast camera: Test of 16.04.2026; vacuumized; rupture pressure 22 bar; 0,5 mm; heater 100 W
ELE431KITO51HSVC20260416

Co-funded by UK Research 18
the European Union i, Partnership and Innovation



KIT Experimentdlask 4.3.1 LH2 %’(“,}S

Karlsruher Institut fur Technologie

C Sub task 4.3.BLEVE tests with a shock tubked with LH2 in an A2 vessel (Lead: KIT)

HSC: Test of 31.07.2026; vacuumized-20eipture pressure HSC: Test of 06.08.2026; vacuumized-20ipture pressure
14,1bar; NO heater used. UNIGNITERntron4000fps 13,2bar; NO heater used. IGNITBBotron5000fps



ELVHY $reliminary experiments, optical results &tvys

High Speed Camera

Processing example

LH2

Co
HSC: Test of 06.08.2026; vacuumized-20ripture pressure
13,2bar; NO heater used. IGNITEDBotron5000fps .
P | [ e ittt



