
EXPERIMENTAL STUDY OF VENTED 
HYDROGEN DEFLAGRATION

WITH IGNITION INSIDE AND OUTSIDE THE 
VENTED VOLUME

Martino Schiavetti, Alessia Marangon, Marco Carcassi

Department of Civil and Industrial Engineering (DICI)

University of Pisa



EXPERIMENTAL STUDY OF VENTED HYDROGEN DEFLAGRATION WITH IGNITION INSIDE AND OUTSIDE THE VENTED VOLUME

International Conference on Hydrogen Safety   Bruss els , 9-11 September 2013

Presentation outline:

•CVE Test facility
•RED-CVE box experimental campaign
•Results
•Preliminary data analysis



CVE Test Facility 
(Chambre View Explosion)
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Errata corrige: CVE Dimensions

Internal volume ~25 m3

CVE Vent

Design to withstand up to 350 
mbar overpressure
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CVE Test Facility 
(Chambre View Explosion)
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RED-CVE Characteristics:
Cubic shape – 0,88 m side
Internal volume 0,6814 m3

Internal volume ~25 m3
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Parameters under investigation:
• Homogeneous hydrogen-air concentration 

in the range 8%vol. -13% vol.
• RED-CVE box vent area
• Ignition location

RED-CVE Experimental Campaign:
Fixed Parameters:
• Test facility vent area 1,12 m2

• Internal obstacles configuration (RED-CVE box – Ventilation Fans)

RED-CVE vent dimensions

Y [mm] Z [mm] Area [m2]

Vent 1 205 135 0,027675

Vent 2 205 205 0,042025

Vent 3 205 270 0,05535
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RED-CVE box vent area
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Concentration sampling points:
- 4 sampling points in the CVE test facility     

volume
- 1 sampling point placed inside the 

RED-CVE box
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Concentration analyzers
MSA model TC9010B (0-20%vol.) 
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RED-CVE Experimental Campaign:
“Nearly” Homogeneous concentrations

Main fan(CVE test facility atmosphere 
homogenization)

Secondary fan 
(Dedicated to the recirculation inside the 
RED-CVE internal volume)
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Despite of the use of the fans the
concentrations measured in the upper
and lower sampling points differ
approximately of 1,5% vol. in every
test

International Conference on Hydrogen Safety   Bruss els , 9-11 September 2013



EXPERIMENTAL STUDY OF VENTED HYDROGEN DEFLAGRATION WITH IGNITION INSIDE AND OUTSIDE THE VENTED VOLUME

RED-CVE Campaign - Results

1. Overpressures inside the CVE Test facility
2. Overpressures inside the RED -CVE box

21
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Maximum peak overpressure inside the CVE test facility

CVE Pressure transducer is located close to ignition 1
(Model Kistler 4100 - Measuring range 0-500 mbar)

Far vent ignition
Ignition inside the RED-CVE box
Near vent ignition
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Overpressures developed by near vent ignition never 
exceeded the vent opening pressure (~25 mbar)

Higher overpressures were obtained  with far vent ignition, the 
behavior of the Peak-overpressure vs.  Concentration graph is 
non-monotonic with a peak at 11% concentration

Maximum peak overpressure for concentrations below 
10% is limited by the vent opening pressure irrespective 
of the ignition location

R.K. Kumar
Vented combustion of 

hydrogen-air mixtures In a 
large rectangular volume
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RED-CVE Campaign - Results

Comparison of the pressure/time history for the sam e test configuration and 3 different 
concentrations (far vent ignition)

Pressure build-up in the CVE Test Facility – Far vent ignition

10,5 %vol.

11,1 % vol.

12 % vol.

Vent opening time after ignition
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RED-CVE Campaign - Results
Overpressures inside the CVE Test facility

Summary:
• Vented deflagrations were performed in a 25 m3 volume facility, having 

a vent area of 1,12 m2, with a homogeneous hydrogen concentration 
ranging from 8,5% to 12,5%.

• For average concentrations below 10% the peak overpressure was 
limited by the opening pressure of the vent (~25 mbar) independently of 
the ignition position (ignition inside the test facility volume).

• When the mixture was ignited inside the RED-CVE box the opening 
pressure of the vent was higher and dependent of the RED-CVE vent 
dimensions.

• In far vent ignition tests the peak overpressure vs. concentration 
behavior showed a non-monotonic growth with a peak at around 11% 
concentration. (The same non-monotonic behavior was described by 
Kumar for deflagration tests in a rectangular 120 m3 facility, with a peak 
at 9% vol.)
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The comparison of the 
pressure-time history 
inside the RED-CVE box 
for the same measured 
concentration varying 
the ignition position 
showed that maximum 
peak pressure is 
obtained during 
deflagration generated 
by far vent ignition
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Pressure inside the RED-CVE box

RED-CVE Campaign - Results
Pressure build-up in the RED-CVE box
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RED-CVE Campaign - Results
Maximum peak overpressure inside the RED-CVE box

Concentration inside the CVE-BOX 

Peak pressures generated 
by flames entering the box 
from the open vent are 
usually higher than the 
ones generated by 
deflagration ignited inside 
the box
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RED-CVE Campaign - Results
Maximum peak overpressure inside the RED-CVE box

Average concentration inside the Test facility

Far vent ignition Tests

Pressure sensor 
was saturated at 
500 mbar
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RED-CVE Campaign - Results
Overpressures inside the RED -CVE box

Summary:
• Vented deflagrations were performed in a 25 m3 volume facility, hosting 

a smaller vented chamber characterized by a volume of 0,6814m3.
• Maximum peak overpressure measured inside the RED-CVE, over the 

range condition investigated, was about 700 mbar (70 kPa).
• For a given concentration the peak overpressure produced inside the 

box was higher when the ignition location was external to the box.
• Higher overpressures were generated by far vent ignition.
• The maximum peak overpressure was obtained with the smaller vent 

for an average concentration of 11%, for the same tests that produced a 
maximum peak overpressure inside the test facility.
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Sui topen

Topen is not influenced 
by the obstacle, 
usually the vent 
opens when the 
flame front has not 
reached the 
obstacles yet

Sui * topen

“flame-speed histories can be scaled by their initial flame speeds”
Ref. Bsuwens, Chaffee, Dorofeev, “vented explosion overpressures from combustion of hydrogen and 
hydrocarbon mixtures” Journal Hydrogen Energy 2011;36(3):2329

Vf =Sui +Uu
Relative 
position of the 
flame at the 
vent opening’s 
time for 
different 
concentrations

At 11% concentration the flame surface is 
the farthest from the vent

RED-CVE Campaign – Preliminary data Analysis
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Representation error:
Internal pressure 
values are half of 
those really 
measured

Flame recorded with a commercial 
camera 25 Hz (Semi-frame 50 Hz)

Initial vent  
opening

Obstacle 
configuration

Obstacle 
configuration

Ref. Chao, Bsuwens, Dorofeev, ‘An analysis of peak 
overpressure in vented gaseous explosion’ Proceedings of the 
combustion institute 33 (2011) 2367-2374
• A first peak was observed when the flame reached the vent 

igniting the vented un-burned mixture
• A second pressure peak is observed as the flame approaches 

the walls
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Initial vent  
opening

Obstacle 
configuration

Obstacle 
configuration
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Flame surface 
growth stops due 
to interaction with 
the plates

Final 
opening of 
the vent

Obstacle 
configuration

Obstacle 
configuration
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

First pressure’s peak 
• External explosion

Flame front passes the 
obstacle and flame 
surface increases 
again

Obstacle 
configuration

Obstacle 
configuration
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Maximum peak 
pressure

Flame in the first third of the facility 
approaches the wall

Obstacle 
configuration

Obstacle 
configuration
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Flame extinction inside 
the test facility

Obstacle 
configuration

Obstacle 
configuration
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Maximum peak 
pressure

Obstacle 
configuration

Obstacle 
configuration

Flame in the first third of the facility 
approaches the wall
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Average 
concentration

11,3%

Average 
concentration

12,3%

Test ISP23

Test ISP24

Flame extinction inside 
the test facility

Obstacle 
configuration

Obstacle 
configuration
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11,3%

12,3%
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Obstacle configuration

The non-monotonic behavior was not observed in all the 
obstacle configurations 

1st set 2nd set
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Maximum peak overpressure inside the CVE test facility
Summary:
• Vented deflagration were performed in a 25 m3 volume facility, having a vent 

area 1,12 m2, with a homogeneous hydrogen concentration ranging from 8,5% to 
12,5%.

• The pressure time behavior showed a non-monotonic behavior with a peak at 
11% concentration.

• 11% concentration was found to be the configuration in which the vent opens 
when the flame position is the farthest from the vent.

• Comparison between the flame propagation in 11,3% vol. against 12,3% vol. 
shows that the first peak overpressure is generated during the venting of the 
flame outside the vent area (external explosion)

• In the 12,3% vol. deflagration a second peak (very close to the first) is generated 
when the flame reaches it’s maximum area approaching the walls

• In the 11,3% vol. deflagration the flame surface is already approaching the walls 
at the same time that the external explosion is undergoing, hence the overlap of 
the two phenomena can be responsible for the non-monotonic behavior

RED-CVE Campaign – Preliminary data Analysis
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Thank you
for your attention

martino.schiavetti@ing.unipi.it
martinoschiavetti@gmail.com


