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Objectives

® |dentify fuel properties of hydrogen that are relevant to safety,
test cell design and layout

B Classify safety equipment that is unigue to hydrogen as a fuel
B Analyze sample hydrogen test cell setups in respect to
M Test cell ventilation

@ Hydrogen storage and distribution infrastructure
B Safety system




Comparison of fuel properties
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Hydrogen safety equipment

B Ventilation

B Hydrogen sensors

M Various types
B Commonly used concentration for alarm activation is around 1 Vol-%

B Hydrogen flame cameras

B Thermal fire detectors (need to be located at or very near the site of a fire)
B Optical sensors (two spectral regions: ultraviolet (UV) and infrared (IR)).
B [maging systems

® Thermal IR

B UV imaging systems

B A broom

B Safety related instrumentation

B Exhaust analyzer
B Fuel flow meter

B Integrated emergency system




Sample test cell ventilation systems (closed cell)

| @ Cailing mount Ceiling mount &

Technic floor

Exhaust air blower

Exhaust | '.mmdm 1
.= aboveground @ |

= | Cable ——
k J [ support || _
|

. Mounted inside

' Test cell = Ll

Base plate

f & cCeiling mount Ceiling mount &

@& ...Hydrogen sensor

B Ventilation

B Cross ventilation

M Fresh air supply close
to test cell floor

M Exhaust air close to
ceiling

B Fume hood atop engine

B Additional exhaust pipe
from highest point

B Several hydrogen

sensors throughout
test cell

® Ceiling

B Hydrogen distribution
M Inside fume hood




Sample test cell ventilation systems (open cell)

mn Ventilation

B No specific pattern due
to highbay setting
B Fume hood on top of
engines to capture
potential leakage
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M Inside fume hoods
® Inside hydrogen
distribution panel

B Flame cameras on both
engines




Fume hood design

B 3-D CFD simulation
to determine fume
hood effectiveness

m Air flow 10 m/s

B Square domain (2.2 m)

W 150,000 cells

B Several release
scenarios simulated

B Critical case

B Small leak around
injector (0.2 kg/h)

® High local concentration
(100,000 ppm)

B Concentration less than
2,000 ppm (5 % LEL) at

Sensor




Intake and exhaust design

B Special precautions
for single cylinder
research engine
B ASME rated pressure

vessels in engine intake
and exhaust

Intake (o B Reduce pulsations
surge T

tank | ® Avoid damage should
Exhaust _ _ an i 4 _ _
surge tank N — combustion anomalies
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Compressed hydrogen storage capacity
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Sample high-pressure hydrogen supply system

B 6+6 cylinders
B Helium for leak
check/purge

B Pressure regulator
outside to reduce
hydrogen inside test

cell
MV4 _T”rge“nes tecr’19ine . Seve ral SOIGnOid
e LMasgxzaw.meterMEb w;alvewith valves (MV) With

switching logic
® 3-way valve to
depressurize engine

supply line
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Sample fuel meter and safety system

Vent lines

/ to the roof

Hydrogen Sprinkler

/ SV head

Quick Over pressure
connect / relief valve
fittin . e
9 Over pressure
sensor
Manual
valves Pressure
gage
H, supply from
Manual | outdoor storage
pressure |
regulator
Delivery
pressure

sensor

Flexible fuel supply
hose with manual valve

® Fully enclosed
hydrogen supply and
metering system
featuring:

M Pressure adjustment
B Overpressure control

® High and low flow fuel
measurement

H Vent lines to
depressurize/purge
B Opening on the top
allows monitoring for
leakage




Exhaust hydrogen concentration
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Integrated safety system
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Conclusions

B The properties of hydrogen differ significantly from those of
other conventional liquid or gaseous fuels

M |gnition sources cannot be completely excluded from a test
setup; therefore a safe test cell design effectively avoids build-
up of ignitable hydrogen-air mixtures

M The unique instrumentation in a hydrogen test environment
Includes hydrogen sensors as well as hydrogen flame
cameras. An additional factor of safety can be achieved by
Integrating and monitoring safety relevant functions in an
emergency system

B When properly taking the unigue properties into account by
facility designers, engineers and operators, hydrogen can be
as safe as, or safer than gasoline or diesel fuel
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