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ÁUnderstand the characteristics of the jet itself e.g. 
expected temperatures and pressures when impinging 
onto tunnel materials

Á Investigate the effects of the jet flame on tunnel 
materials e.g. explosive spalling, thermal effects, 
structural degradation

ÁUltimate aim to define elements that could form part of 
a standard materials test

Overview
Aims of testing



ÁTank volumes (can be up to 
200L), 700bar

ÁTPRD typically 2mm 
diameter, angled downwards

ÁWould not expect direct jet 
impingement on tunnel wall 
unless car overturns

Experimental setup
Scenario: Impingement on a tunnel, car tank

Toyota Mirai hydrogen fuel tank (www.car.nulisen.com)



Experimental setup
High Pressure Hydrogen rig (HPHR)

ÁUsing both vessels (98L 
volume), 700bar

ÁNozzle, to mimic TPRD, 
2mm (and 0.5mm)

ÁHorizontal releases, 
standoff distance 1m 



ÁConcrete strength >60MPa 
compressive strength

ÁMoisture content >3% by 
weight

ÁAddition of polypropylene 
fibres 

ÁPermeability 

ÁLoading

Tunnel materials
Factors affecting erosion/spalling

Tunnel design for the London Elizabeth east-west railway line

Concrete Grade Ғрл atŀύ

water/cement 

(w/c) ratio

0.45

Microsilica No

Fly ash (cement 

sub)

Improve strength, 

reduce porosity 

Plasticiser Water reducing 

admixture used

PP fibres Yes (12 mm)

Aggregates Land (0-20 mm)

ÁOne road material tested 
(asphalt based with hot cure bitumen)



ÁFree jet release ï
temperature measurements 
made along the axial length 
of an unimpeded jet.

Test programme
Release scenarios

Á Impeded jet release ï
sensor plates; instrumented 
with pressure and 
temperature sensors

Á Impeded jet release ï
structural samples. Erosive 
effects investigated using 
imaging and post-test 
material analysis



ÁTest: 49L, 2mm nozzle

ÁTemperatures up to 
1650 ÁC at all 
thermocouple positions 
i.e. up to distance of 3m 
(likely up to 4m)

ÁNote: for 0.5mm nozzle, 
maximum temperature 
of 1650 ÁC at 0.5m from 
release point only. 
Lower temperatures at 
further distances

Results 
Free jet ïaxial temperature

Thermal imaging, 25 seconds into release

Axial temperature, 2mm nozzle, 50L, 700bar



Results
Impeded jet ïsensor plates (temperature and pressure)

ÁTest: 49L, 2mm nozzle, 
standoff 1m approx.

ÁMax. temperature for 
2mm nozzle 1400ÁC on 
outer TCs

ÁMax. pressure magnitude 
for 2mm nozzle 92mbar 
at centre sensor

ÁMax. temperature  for 
0.5mm nozzle 1200ÁC

ÁNo pressure readings 
above background for 
0.5mm nozzle.

Radial temperature, 2mm nozzle, 50L, 700bar, 1m standoff

Temperature sensing plate. Note: outer thermocouple ends glowing



ÁTest: 98L, 2mm 
nozzle, 1m standoff, 
3-4 minute 
impingement

ÁSample with no PP 
fibres spalled 

ÁSample with PP 
fibres scorched but 
did not spall. This 
was also the case 
for 0.5mm nozzle, 
where jet impinged 
for up to 40 minutes

Results
Impeded jet ïconcrete samples

Sample with polypropylene (PP) fibres 
(3-4 min impingement)

Sample with no polypropylene (PP) 
fibres (3-4 min impingement)

Sample with no polypropylene (PP) fibres (3-4 min impingement)


