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ÁGeneral aim

ÅInvestigation of blow-down behavior of cryogenic hydrogen stored at 

elevated pressure. 

ÅDisCha facility is utilized to investigate releases of cryogenic hydrogen 

at temperatures of approximately 80 K and pressures up to 200 bar 

(and similar releases at ambient temperature for comparison).

ÅThe main purpose of the tests is to provide validation or reference data for

Åmodels defining or using a discharge coefficient,

Åsubsequent explosion tests, where the released gas is ignited 

(see E5.2), and 

Åelectrostatic field excitation and associated ignition potential of high 

pressure hydrogen gas jets at cryogenic temperatures (see E4.2).

E3.1a Small Scale Multiphase Release 
(DisCha-Facility)
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ÁOverview Experimental Setup UNIGNITED DisCha-Experiments (WP3.1a)

E3.1a Small Scale Multiphase Release 
(DisCha-Facility)

Åcomplete facility installed in tent behind main 

hall of KIT-HyKA,

Åthree sides of tent surrounded by wall of 

concrete bricks

Åcontrol and data acquisition in container,

Åduring experiments sides of tent open,

Åtwo experimental series:

Tests at 

ambient temperature

Tests at 80 K 
(LN2 boiling temperature)

Container

DisCha

KIT-

HyKA



4

2nd PRESLHY Virtual Workshop on Experimental Outcomes, 23 July 2020 

ÁMain features of the DisCha pressure vessel:

Åstainless steel vessel 
(steel 1.4571, Di = 160 mm, Hi = 140 mm, V = 2.81 dm³)

ÅLid equipped with 

Å1 central port for filling,

Å2 further ports for evacuation & depressurization, 

Å3 rows with 3 ports for thermocouples with tubes

for positioning in different heights 

(top, middle, bottom, angle between rows 120°).

ÅCircumference equipped with:

Å2 ports for nozzles in different heights 

(only lower port used),

Å1 rod opposite to nozzle ports for connection 

with force sensor. 

ÅDesigned for gaseous releases from pressures 

up to 200 bar at temperatures down to 80 K 

(LN2 boiling temperature).    

E3.1a Small Scale Multiphase Release 
(DisCha-Facility)
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ÁRelease (inner) Diameters:
ÅVessel exit: 12 mm

ÅConnection: 10 mm

ÅValve: approx. 9 mm

ÅExtension: 10 mm 

ÅNozzle: 10 mm

ÅAperture: 0.5, 1, 2 and 4 mm

E3.1a Small Scale Multiphase Release 
(DisCha-Facility)

ÅNozzle Properties:

ÅNozzle shape: only circular apertures.
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E3.1a Small Scale Multiphase Release 

ÁOptical Instrumentation

Å2 Photo-cameras 

(Canon EOS5D Mark I & II)

Å1 Panasonic video camera

Operated and 

processed by 

Instrumentation of the DisCha-facility

Camera 1 (Mark I) Camera 2 (Mark II)

Lens type Tele Wide angle

Resolution [pix] 4368 x 2912 5616 x 3744

Object dist. [m] 0.9 1.1

Image size [m] 0.33 x 0.22 1.45 x 0.97

BOS-procedure Color BOS Black-white BOS
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E3.1a Small Scale Multiphase Release 

ÁCamera 1: processing conditions and BOS outcome

Å BOS - processing conditions:

Åcolor BOS with number of colors 7

Å interrogation area 8 pix; 16 pix

Åstep 1 pix

ÅResolution area  0.6 mm - 1.2 mm

Instrumentation of the DisCha-facility

Å Additional functions:

Ådenoising

Åequalizing

Åweight function

Å1D or 2D Gaussian sub-pixel function 
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E3.1a Small Scale Multiphase Release 

ÁCamera 2: processing conditions and BOS outcome

Å BOS - processing conditions:

Åblack-white BOS

Å interrogation area 16 pix; 24 pix; 32 pix

Åstep 1 pix

ÅResolution area  4 mm - 8 mm

Instrumentation of the DisCha-facility

Å Additional functions:

Ådenoising

Åweight function

Å1D or 2D Gaussian sub-pixel function 
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nozzle C1

T8

C3C2;C4;C5

200mm

500mm 500mm 500mm

CANON I

CANON II

E3.1a Small Scale Multiphase Release 

ÁExamples for BOS-Images 

ÅCamera arrangement 1

Instrumentation of the DisCha-facility

CANON II



11

2nd PRESLHY Virtual Workshop on Experimental Outcomes, 23 July 2020 

E3.1a Small Scale Multiphase Release 

ÁPressure measurements

ÅP1 (= Pves) Initial pressure inside the vessel,

ÅP2 (= Pnoz) Pressure inside release line,

ÅBoth sensors of same type:  
Manufacturer: WIKA, Type: S-20, 

Range: 0 - 250 bar(rel.),  Accuracy: < 0.125 % FS.

ÅBoth pressures measured in tubes connected 

to vessel/release line to avoid temperature 

effects on the sensors in cold experiments.  

Both pressures recorded fast (2 kHz, Excel-sheet Date_time-Press) and slow 

(10 Hz, Date_time-cH2-Amb) together with the signals of H2-concentrations, 

ambient conditions and field mill signals for synchronization. 

Instrumentation of the DisCha-facility
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E3.1a Small Scale Multiphase Release 

ÁPressure measurements

ÅInitial pressure (P1)

ÅInterval of 5 s prior to opening of 

release valve was used to determine 

initial pressure value inside the vessel 

(Cell F2 in Sheet ñPressò).

ÅPressure inside release line (P2)

ÅFirst pressure increase inside release 

line is best available method to 

determine beginning of experiment.

ÅSo point in time of this pressure 

increase was taken as zero for 

ñsynchronized timeò scale given in 

column A of all sheets of an 

experiment. 

Instrumentation of the DisCha-facility
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E3.1a Small Scale Multiphase Release 

ÁForce measurements

ÅF Repulsive force induced by the effusing 

hydrogen:
Manufacturer: Althen, Type: ALF318CPR0K0, 

Range: 0 - 2 kN, Accuracy: ± 0,1 % FS. 

Force recorded at 10 Hz (sheet Date_time-cH2-Amb) together 

with slow pressure records and H2-concentrations. 

Instrumentation of the DisCha-facility

To enable force measure-

ments the complete basin with 

DisCha-facility was mounted 

on sliding carriage that allows 

almost frictionless 

movement of the facility. 

Nevertheless force 

measurements are very sensitive 

to all movements of the facility.  
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E3.1a Small Scale Multiphase Release 

ÁForce measurements

ÅForce measurements in experiments 

with high initial pressures and large 

nozzle diameters mostly show 

reasonable results,

ÅIn some cases, especially for low initial 

pressures and small nozzle diameters, 

no signal was recorded at all.  

Instrumentation of the DisCha-facility
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E3.1a Small Scale Multiphase Release 

ÁWeight measurements

ÅS Weight of complete basin with 

DisCha-facility:
Manufacturer: Mettler-Toledo,     Type: PBA430x

Range: 0 - 150 kg, Accuracy: 0.006% FS.

Weight measurements had to be recorded separately due to output format of scales. 

Maximum measurement frequency of scales is 2 Hz, no changes possible due to lack 

of possibility to change weighing procedure performed by scales interface. 

Scales records in separate sheet Date_time-Weight. 

Instrumentation of the DisCha-facility

To enable weight measurements the complete basin with 

DisCha-facility and sliding carriage was placed on scales. 

Many efforts were made to eliminate influences of wires 

and hoses.

Nevertheless weight measurements are very 

sensitive to all movements of the facility, 

especially when pneumatic valves are activated. 
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E3.1a Small Scale Multiphase Release 

ÁWeight measurements

ÅWeight changes in experiments with 

low initial pressures not resolved by 

scales, 

Instrumentation of the DisCha-facility

ÅInfluence of evaporating LN2 in cold 

experiments can be compensated,

Åaction of pneumatic valve very often 

has influence on weight, difficult to 

compensate.
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E3.1a Small Scale Multiphase Release 

Á In-vessel temperature measurements

ÅT1 ïT3 Temperature of compressed gas in 

three different heights inside DisCha-vessel 

using thermocouples (TCs):
Manufacturer: KIT-Workshop,     

Type: Type K, d = 0.25 mm          Accuracy: 1.66 K.

Å T1o ïT3o From earlier tests with DisCha one set of 

3 open TCs remained (no longer available at KIT 

workshop) that were installed additionally with the 

aim of faster response time due to smaller diameter 

(0.14 mm) and open tip. 

Instrumentation of the DisCha-facility

ALL Temperature measurements had to be recorded separately due to output format of 

interface. Maximum measurement frequency is 100 Hz. Due to interface also different 

starting time, so a trigger circuit was added as dummy temperature measurement.

Temperature records in separate sheet Date_time-Temp. 
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E3.1a Small Scale Multiphase Release 

ÁTemperature measurements

ÅT1 ïT3 (and T5 - T9 of same type) show 

good accuracy when exposed to LN2.

ÅMeasured value approx. 84K, which 

corresponds to an error of approx. +7 K.

ÅValues of T1o ïT3o show rather large 

deviation from LN2 temperature but might 

be useful for analysis of fast phenomena,

ÅPerformance of T1o ïT3o most likely due 

to degradation (age approx. 10 years),

Instrumentation of the DisCha-facility

ÅPerformance of T1 ïT3 at LH2-temperature 

tested later in Pool-facility:

T1 shows mean temperature of approx. 26 K 

during exposure in LH2-pool. 

T2 behaves similarly (T2(LH2) å26 K)

T3 slightly lower (T3(LH2) å19 K).
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E3.1a Small Scale Multiphase Release 

ÁEx-vessel temperature measurements (I)

ÅT4 Temperature of gas in release line, welded 

into junction of tube for P2 and release line 

with direct contact to effusing gas!
Manufacturer: KIT-Workshop,     

Type: Type K, d = 1.0 mm       Accuracy: 1.66 K.    

Instrumentation of the DisCha-facility

ÅTnz Temperature in tiny hole in nozzle material.

NO direct contact to effusing gas!
Manufacturer: KIT-Workshop,     

Type: Type K, d = 1.0 mm       Accuracy: 1.66 K.
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E3.1a Small Scale Multiphase Release 

ÁEx-vessel temperature measurements (II)

ÅT5 - T9 Temperature of released gas in jet. 
Manufacturer: KIT-Workshop,     

Type: Type K, d = 0.25 mm     Accuracy: 1.66 K.

Instrumentation of the DisCha-facility

ÅTCs positioned at measurement 

location via tiny vertical wires,

ÅAll measurement positions in 

vertical plane of jet,

ÅT8 and T9 slightly below and 

above jet axis
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E3.1a Small Scale Multiphase Release 

ÁH2-concentration measurements

ÅC1 - C5 H2-concentration in jet. 
Manufacturer: Messkonzept,             Type: FTC300,

Range: 0 - 100 Vol% H2,           Accuracy: < 1% FS.

Instrumentation of the DisCha-facility

ÅTubes for sampling positioned at 

measurement location via tiny vertical 

wires.

Tube end

Nozzle
Wire

Thermocouple
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H2-balloon

pneumatic

valve

Tube ends

E3.1a Small Scale Multiphase Release 

Instrumentation of the DisCha-facility

ÁH2-concentration measurements

ÅProcedure: Gas samples are continuously transported 

from sampling position to sensor through tiny plastic 

tube (di = 2.5 mm, l = 3.0 m) by pump downstream from 

the sensor (one pump for all sensors),

ÅSensor measures H2-concentration continuously, 

but with some time delay,

ÅTests were made to 

quantify time delay, 

dt to first reaction of 

signal after opening 

of valve is approx. 

2 s for all sensors.
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E3.1a Small Scale Multiphase Release 

Instrumentation of the DisCha-facility

ÁH2-concentration measurements

ÅThree sampling positions for H2-sensors positioned on jet axis 

and two horizontally besides it, 

ÅDuring measurement campaign no H2 was

detected by C5,

ÅUnrealistic arrival times of the H2-cloud at the measurement 

positions were observed since sensor C4 detects H2 much 

earlier than sensor C1, which measures much closer to the 

nozzle,

ÅPossible reason: effects of flow above horizontal tube end.
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ÅBut for fast 

releases opposite 

effect which 

causes H2 

detection prior to 

nozzle opening! 

E3.1a Small Scale Multiphase Release 

Instrumentation of the DisCha-facility

ÁH2-concentration measurements

ÅExperiments with tilted cut at tube end yielded much more realistic results, 

so for sensors C1 to C4 a tilted cut was used, 

ÅPosition of C5 was changed to position next to C1, 

but C5 (now renamed to C1-) still having horizontal tube cut, 

ÅWith new design more realistic measurements for slow releases,
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E3.1a Small Scale Multiphase Release 

ÁCourse of the experiments

ÅFacility was put into operation in February 2019, but due to the many different 

sensors and the resulting different data files problems were encountered to 

synchronize the data files.

ÅDuring operation it was decided to 

ÅIncrease time resolution of several sensors by changing interfaces,

Åchange sampling mode of some sensors and to 

Åadd several sensors and a trigger signal if possible

ÅWith increasing time the facility became more and more elaborated and thus, 

by end of April 2019, it had reached its final set-up with which all experiments 

of the test matrix were performed once again.

ÅEarly and late data show good reproducibility, but quality of late data is better.

ÅTo keep data size within limits only a selection of data from the last series was 

published.     

Experiments in the DisCha-facility
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E3.1a Small Scale Multiphase Release 

ÁTest Matrix of ñWarmòexperiments at ambient temperature

Å7 initial (over-)pressures: 

pini = 5, 10, 20, 50, 100, 150, 200 bar,

Å4 circular aperture-sizes:  

dNoz = 0.5, 1, 2, 4 mm,

ÅSeveral repetitions due to improvements of facility,

Å In total 126 experiments,

Experiments in the DisCha-facility

Åof which 22 were published.
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E3.1a Small Scale Multiphase Release 

ÁTest Matrix of ñColdòexperiments at LN2 boiling temperature

Å7 initial (over-)pressures: pini = 5, 10, 20, 50, 100, 150, 200 bar,

Å4 circular aperture-sizes: dNoz = 0.5, 1, 2, 4 mm,

ÅSeveral repetitions due to improvements of facility,

Å In total 88 experiments,

Experiments in the DisCha-facility

of which 22 were published.
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E3.1a Small Scale Multiphase Release 

ÁFilenames and Structure of published Data 

ÅUsually four data files were generated in one experiment,

ÅAll filenames consist of the date and time of the beginning of the record,

ÅAll files of an experiment were transformed into an Excel-sheet,

ÅAll Excel sheets of one experiment were grouped in one Excel-file with the name 

of the date and time of the beginning of the fast pressure record

Filename Sheet Content

20190531_110440.xlsx

20190531_110440-Press Fast pressure record

20190531_110440-cH2-Amb Slow pressure record, H2-concentration, 

force, ambience, fieldmills

20190531_110440-Weight Scales

20190531_110443-Temp Temperatures

ÅAll Excel-files of cold or warm experiments with one nozzle are collected in one folder 

ÅFolder

PRE3P1A_KIT_D2_300K_DATA 

contains all published data of experiments with 2 mm nozzle at ambient temperature.

Experiments in the DisCha-facility
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Pre-normative REsearch for Safe use of Liquid HYdrogen

Electrostatic Experiments (WP4.2) 
A. Friedrich, A. Veser, G. Necker                              July 23rd 2020
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ÁExperiments performed together with 

unignited DisCha-Experiments (WP3.1a) 

in same facility,

ÁField-mills added to instrumentation 

end of April 2019,

ÁField-mills used in warm and cold

experimental series. Åtwo experimental series.

Tests at 

ambient temperature

Tests at 80 K 
(LN2 boiling temperature)

E4.2 Electrostatic Measurements 
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E4.2 Electrostatic Measurements 

ÁElectrostatic measurements

ÅFM1 and FM2

Field mills positioned in horizontal distance of 0.9 m to jet axis. 
Manufacturer: Kleinwächter,     Type: EFM 113B,

Range: 5 kV/m, Accuracy: < 5% FS.

Additional Instrumentation of the DisCha-facility
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ÁTest Matrix of ñColdòexperiments at LN2-temperature

Electrostatic Measurements in the DisCha-facility

E4.2 Electrostatic Measurements 

Nozzle-Diameter [mm]

0.5 1 2 4

P
re

s
s
u

re
 [
b

a
r]

5

20190509_143959

20190509_144955

20190604_151150

20190604_153521

20190507_155308

20190507_160047

20190531_120333

20190430_150817

20190430_151117

20190531_103828

20190503_112024

20190503_112408

20190528_111918

10

20190509_142254

20190509_143252

20190604_150515

20190604_152905

20190507_153753

20190507_154609

20190531_115603

20190430_144909

20190430_150600

20190531_103408

20190503_110955

20190503_111525

20190528_111240

20

20190509_111108

20190509_112201

20190604_145638

20190604_152254

20190507_152321

20190507_153041

20190531_114903

20190430_143105

20190430_144308

20190531_102810

20190503_110259

20190503_121635

20190528_110441

50
20190509_135757

20190509_141151

20190604_144425

20190507_150252

20190507_151256

20190531_113940

20190430_141445

20190430_142546

20190531_101948

20190503_115334

20190503_120719

20190528_105437

100

20190509_132731

20190509_134535

20190604_142752

20190507_143257

20190507_144631

20190531_112944

20190423_120305

20190430_111836

20190430_114028

20190531_101249

20190503_104121

20190503_105250

20190528_112837

20190528_143608

150

20190509_104138

20190509_105744

20190604_140657

20190507_135605

20190507_141457

20190531_111808

20190423_121441

20190430_135153

20190430_140732

20190531_100257

20190503_100144

20190503_102600

20190528_142048

200
20190509_100955

20190509_102557

20190604_134543

20190531_110440 20190430_102456

20190430_110643

20190531_094951

20190503_134536

20190503_140045

20190528_104204

Å7 initial (over-)pressures: 

pini = 5, 10, 20, 50, 100,

150, 200 bar,

Å4 circular aperture-sizes:  

dNoz = 0.5, 1, 2, 4 mm,

Å2 or 3 repetitions for 

(almost) all cases,

Å in total 88 experiments on 

the 28 cases,

Åmost cold experiments 

performed as one or two 

series for all pressures 

with one nozzle.    
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ÁTest Matrix of ñWarmòexperiments at ambient temperature

Electrostatic Measurements in the DisCha-facility

Å7 initial (over-)pressures: 

pini = 5, 10, 20, 50, 100,

150, 200 bar,

Å4 circular aperture-sizes:  

dNoz = 0.5, 1, 2, 4 mm,

Åone repetition for selected 

experiments with large nozzle 

diameters and high pressures,

E4.2 Electrostatic Measurements 

Å in total 35 experiments on 28 cases,

Åwarm experiments on all cases performed as two series on two days 

(one series with complete matrix and one series with selected repetitions) 

Due to limited number of experiments it is planned to publish all measurements

Nozzle-Diameter [mm]

0.5 1 2 4

P
re

s
s
u

re
 [
b

a
r]

5 20190523_155208 20190523_151618 20190523_144219 20190523_141327

10 20190523_154849 20190523_151411 20190523_144022 20190523_141008

20 20190523_154414 20190523_151013 20190523_143801 20190523_140705

50
20190523_153958 20190523_150640 20190523_143501 20190523_140344

20190624_145615

100
20190523_153415 20190523_150133 20190523_143020

20190624_152500

20190523_115747

20190624_145052

150
20190523_152829 20190523_145700 20190523_142651

20190624_151944

20190523_113338

20190624_144205

200
20190523_152309 20190523_144939 20190523_142245

20190624_151045

20190523_113015

20190624_143040



34

2nd PRESLHY Virtual Workshop on Experimental Outcomes, 23 July 2020 

ÁStructure of published data

ÅFor all tests with electrostatic measurements only 4 channels were extracted from 

the huge amount of recorded sensors (Both pressures and both field-mills),

ÅThis data is stored in two Excel-files: One file for warm and one for cold tests.  

Å In each Excel-file there is one sheet for one series with one nozzle at one day,

e.g. for warm series (in case of a second series at one day ñ2ò is added to the sheet name):

Electrostatic Measurements in the DisCha-facility

E4.2 Electrostatic Measurements 

Nozzle-Diameter [mm]

0.5 1 2 4

P
re

s
s
u

re
 [
b

a
r]

5 20190523_155208 20190523_151618 20190523_144219 20190523_141327

10 20190523_154849 20190523_151411 20190523_144022 20190523_141008

20 20190523_154414 20190523_151013 20190523_143801 20190523_140705

50
20190523_153958 20190523_150640 20190523_143501 20190523_140344

20190624_145615

100
20190523_153415 20190523_150133 20190523_143020

20190624_152500

20190523_115747

20190624_145052

150
20190523_152829 20190523_145700 20190523_142651

20190624_151944

20190523_113338

20190624_144205

200
20190523_152309 20190523_144939 20190523_142245

20190624_151045

20190523_113015

20190624_143040

Sheet 20190523-290K-05mm 20190523-290K-1mm 20190523-290K-4mm

20190524-290K-4mm

20190523-290K-2mm

20190524-290K-2mm
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ÁStructure of published data

Electrostatic Measurements in the DisCha-facility

E4.2 Electrostatic Measurements 

Å Both Excel-files (warm and cold 

experiments) have a summary, 

where all series and experiments 

are listed with their initial conditions 

and max/min field values, 

Å Summarizing plots show the results 

of every series, and, if available, a 

plot with the results of all series 

performed with the same nozzle.
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ÁStructure of published data

Electrostatic Measurements in the DisCha-facility

E4.2 Electrostatic Measurements 

Å All tests of one series are 

arranged next to each other on 

the same sheet,

Å For every test date and time as 

well as the initial conditions are 

given in a header, 

Å For all tests only 4 channels with 

synchronized time are given 
(Pves, Pnoz, FM1 and FM2),

Å Further 2 columns show zero-

corrected FM signals (averaged zero 

for time -2 to 0 s before nozzle opening),

Å Between header and data the 

max/min values of FM1 and FM2 

are listed
(for time 0 to 10 s after nozzle opening),

Å Min/Max values are summarized at the right end of the sheet and in summary sheet.
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E4.2 Electrostatic Measurements 

ÁPreliminary Results of the Tests

ÅNo ignition phenomenon was observed in complete experimental program,

ÅConsiderable fields were measured in most of the experiments,

ÅPositive as well as negative polarities were observed,

ÅHigher fields usually measured for cold tests than for warm tests,

ÅHigher fields usually measured closer to the nozzle (FM1) than farther away 

from it (FM2),

ÅHigher fields usually measured for higher initial pressures.

Electrostatic Measurements in the DisCha-facility
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E4.2 Electrostatic Measurements 

ÁPreliminary Results of the Tests

ÅExperiments performed within one series show same behavior and trend:

Åfields show same polarity

ÅFM1 (nearer to nozzle) shows larger field than FM2,

Åhigher initial pressure generates higher field.

Electrostatic Measurements in the DisCha-facility

ÅExperimental series performed on one day also 

show same behavior and trend:

Ålarger nozzle generates lower fields

But different findings for same settings on different days!
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E4.2 Electrostatic Measurements 

ÁAdditional Instrumentation of the Cryostat-facility 

ÅFor the electrostatic measurements in the Cryostat-facility three 

field-mills were used:

ÅFM1 and FM2 (already used in DisCha-experiments) 

and an additional FM3 of same type
Manufacturer: Kleinwächter,     Type: EFM 113B,

Range: 5 kV/m, Accuracy: < 5% FS.

ÅData not yet evaluated, but due to lower initial pressures 

(< 5 bar) only low fields expected.

Electrostatic Measurements in the Cryostat-facility (E3.1b)

But interesting phenomena observed during Cryostat-experiments 

might also affect field built-upé 
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Pre-normative REsearch for Safe use of Liquid HYdrogen

Cryostat-Experiments (WP3.1b)
A. Friedrich, A. Veser, G. Necker, J. Gerstner, 

N. Kotchourko July 23rd 2020
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Á Since no releases of LH2 were possible from DisCha-facility a Cryostat-facility 

was planned, fabricated and used to realize LH2-releases.

Å Pre-calculation on the expected massflow for the maximum release conditions

Pini = 5 bar, dNoz = 4 mm Č m = 96.4 g/s,

ÅMassflow is too large to be measured via evaporation 

and measurement at ambient temperature

Č scales method was chosen for flow measurement, 

Å In case of an ignition the released amount of H2 is too 

large to be handled in HyKA (several buildings with 

windows are located in the vicinity)

Č Experiments had to be performed on 

free field test site,

Å Cryostat-tests were last test series performed on the 

site with the LH2-Trailer from Air-Liquide
(during COVID-19 lockdown in Germany).

KIT 

Campus 

North

Test 

Site

E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

ÅPmax: 6 bar Č Pmax(Exp): 5 bar

ÅVolume: 225 dm³,

ÅLong, uncooled neck reduces available volume,

ÅLoaned from other Institute 

Č Revision was necessary:

ÅTop flange with pipework, controls and 

instruments was missing and therefore 

had to be designed and fabricated,

Åold safety valves had to be replaced, 

Åsecurity check (TÜV) was compulsory.

ÁProperties

Description of the Cryostat-facility
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

ÁMain problem was missing lid of the Cryostat which had to be constructed 

and fabricated at KIT-workshop,

ÁFor long time connection to the LH2-trailer was 

unclear, so the construction took much longer 

than initially expected, 

ÁTherefore large part of fabrication work 

(e.g. holes for bolts to connect lid with vessel) 

was done already earlier at KIT-workshop,

ÁWhen construction was completed finalization 

of lid was no longer possible at KIT-workshop 

(COVID-19 lockdown),

ÁSo lid was completed externally and arrived just 

in time for the experiments.

ÁProperties

Description of the Cryostat-facility
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

Instrumentation of the Cryostat-facility

ÁVessel (similar to DisCha)

ÅCryo1 - Cryo5 Thermocouples in different 

heights for fluid level measurement, 

ÅPves Initial pressure inside the vessel 

(same as DisCha),

ÅScales for weight measurement of complete 

assembly
Manufacturer: Mettler-Toledo,     

Type: PFK989 Range: 0 - 600 kg,   

Accuracy: 1 g (10 g under rugged free field conditions).

To enable weight measurements the complete Cryostat-

facility was placed on the scales. Many efforts were made 

to eliminate influences of wires and hoses.

Weight measurements had to be recorded separately 

due to output format. 

Maximum measurement frequency of scales is 2 Hz. 

Scales records as separate columns in sheet Date_time-VDec10.
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

Instrumentation of the Cryostat-facility

ÁRelease branch (same as DisCha)

ÅP2 (= Pnoz) Pressure inside release line:
Manufacturer: WIKA, Type: S-20, 

Range: 0 - 200 bar, Accuracy: < 0.125 % FS.

ÅT4 Temperature of gas in release line, welded into 

T-junction of tube for P2 and release line with 

direct contact to effusing gas!
Manufacturer: KIT-Workshop,     

Type: Type K, d = 1.0 mm Accuracy: 1.66 K.
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

Instrumentation of the Cryostat-facility

ÁEx-Vessel-Instrumentation (similar to DisCha)

ÅSame sensors, same procedure 

and same problems with 

H2-concentration measurements 

as in DisCha-experiments,

ÅDue to larger safety distance and 

necessity to warn gas prior to analysis 

longer tubes were necessary, so time 

delay is 30 s in these tests.

ÅDue to lower release pressures 

(< 6 bar) pressing effect in tilted 

tube cuts is less pronounced.

Tips of tubes for

cH2-measurementsNozzle
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

Instrumentation of the Cryostat-facility

ÁOptical Instrumentation 

ÅSame cameras as in 

DisCha-experiments:

ÅCanon 1 (C1)

ÅCanon 2 (C2)

ÅPanasonic Video 1 (P1)

ÅAdditional cameras:

ÅPanasonic Video 2 (P2)

(different locations 

P2a and P2b)

ÅThermocamera (IR)

Åand 3 field-mills (FM1 - FM3)

(same type as in DisCha)
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Á 5 ñWarmòtests with GH2 at ambient temperature for comparison with DisCha :

Å2 Nozzle diameters: 2, 4 mm

Å2 initial pressures: 3, 5 bar (with one repetition)

Á 6 ñColdòtests with LH2 at approx. 30K:

Å4 Tests with 4 mm Nozzle and initial pressures of 2, 3, 4, 4.5 bar 

Å2 Tests with 2 mm nozzle and an initial pressure of 4 bar (one repetition)

ÅLiquid releases achieved in 

all cold tests

ÅCryostat-experiments were 

last series with LH2 

Č not yet fully evaluated

ÅFirst results mainly from 

optical observations.  

E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

ÁTest Matrix

Experiments with the Cryostat-facility
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

ÁOptical observations

ÁExperiment C7 

(20200521-133851: dNz = 2 mm, pini = 4bar)

Experiments with the Cryostat-facility

Movies

W31b-1

W31b-2

W31b-3
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E3.1b Small Scale Multiphase Release 
(Cryostat-Facility)

ÁOptical observations

ÅFormation of ñfinger-likeò 

structure at tip of nozzle,

ÅWith increasing release 

duration ñfingerò grows 

longer, in some cases 

jet was even split by 

ñfinger(s)ò

ÅFrom time to time finger 

was blown away by the 

jet or just fell down,

ÅAfter tests no traces on locations where ñfingersò had landed,
ÅPossibly coincidence of detachment of ñfingerò with field measurements.

Experiments with the Cryostat-facility
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Pre-normative REsearch for Safe use of Liquid HYdrogen

Ignited DisCha-Experiments (WP5.1)
A. Friedrich, A. Veser, G. Necker, J. Gerstner, 

N. Kotchourko July 23rd 2020
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KIT 

Campus 

North

Test 

Site

E5.1 Ignited jets (DisCha-Facility)

Description of the DisCha-facility for ignited jets

ÁDue to safety considerations it was decided not to perform the ignited 

DisCha-experiments at HyKA in KIT, so these experiments were also 

conducted on the free-field test site,

ÅNO thermocouples in jet,

ÅNO H2-concentration, 

measurements in the jet,

ÅNO force sensor,

ÅNO scales.

but ...

Á In principle the same facility as 

in the unignited experiments 

was used, 
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E5.1 Ignited jets (DisCha-Facility)

Specific instrumentation of the DisCha-facility for ignited jets

P2
P3

P1

P5

Á Ignition electrodes

ǐDiameter: d = 3.5 mm   ǐpointed tips, 

ǐGap å4 mm       ǐOutput: 20 kV / 60 kHz

Ignition

electrodes

Anemometer

Nozzle

ÁFast dynamic pressure sensors

ÅPCB types: 112A22, 113B21 and 113B28,

ÅSensitivities: 3.5 bar, 14 bar and 3.5 bar

ÅRecorded separately with fast data 

acquisition system

ÁAnemometer (ambient wind conditions)

ÅType: YOUNG model 81000,

ÅWind in 3 directions (NgS, EgW, hUp) and T.

ÁSound level meter

ÅType: roline RO1350

ÅDistance: d = 6450 mm

ÅAlso recorded with fast data

acquisition system.
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E5.1 Ignited jets (DisCha-Facility)

Data of Ignited DisCha Experiments

ÁSignal Express Data (similar to unignited tests)

Sheet Content

20200130-131140-presV Fast pressure record (in-Vessel, 2 kHz), Trigger

20200130-131140-pres Slow pressure record (in-Vessel, 10 Hz), Trigger,

Ambience

20200130-131140-TE Temperatures (in-Vessel, 100 Hz), Trigger

ÁFast data acquisition system

Á IMTEC T112-8 Data acquisition cards

ǐChannels: 8/card ǐResolution: 12 Bit 

ǐRange: ± 0.2 V .. 0 ï10 V      ǐMemory depth: 128 kS/channel

ǐMeasuring frequency: 100 kHz (10 µs)(all channels simultaneously)

Sheet Content

20200130-131140-DynPFast Fast pressure record (ex-Vessel, 100 kHz), 

Sound-level, Trigger
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E5.1 Ignited jets (DisCha-Facility)

Description of the DisCha-facility for ignited jets

ÁSetup for Optical Observation

ÅFive cameras in operation during ignition experiments:

ÅPHOTRON FastCAM SA 1.1 (HS)

resolution: 1024 x 1024 pix;  frame rate 1000 fps, 2000 fps, 5000 fps

observation area in the jet plane is about 1.80 m x 1.80 m

ÅDalsa video camera (DAL)

resolution 1400 x 1024 pix; frame rate 70 fps

observation area in the jet plane is about 2.75 m x 2 m

ÅCANON EOS5D Mark II (C2)

resolution 5616 x 3744 pix

the size of the observation area in the jet plane is about 3.80 m x 2.50 m

ÅThermocamera Flir T450 (IR)

high resolution 464 x 348 pix
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E5.1 Ignited jets (DisCha-Facility)

Description of the DisCha-facility for ignited jets

ÁTest Setup and Optical Observation

ÅTwo camera setups necessary due to different ignition distances

wall

wall

BOS-background

3
3

0
6

5
0

DisCha

0

C2

IR

DALHS

PV

4060100

Setup 1 (near ignition)

200 150

Setup 2 (far ignition)

HS
C2

PV
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E5.1 Ignited jets (DisCha-Facility)

Description of the DisCha-facility for ignited jets

LN2-

supply

BOS-

background

H2-

supply
Anemometer

Ignition

electrodes

DisCha-

vessel

Release-

nozzle

10 m to tent 

Protective wall with

BOS-background

10 m to tent with

measurement 

Infrastructure 

Protective wall

DisCha-facility with

H2 and LN2-supply

Impressions é


