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1. Introduction

Key recent net zero policy commitments

Climate Action Tracker
(https://carbontracker.org/unleashing-the-river-of-change/)

Hydrogen energy indispensable in the
carbon neutrality era

Monthly people 
(https://www.monthlypeople.com/news/articleView.html?idxno=270137)

The government announced the 「Hydrogen 
economy revitalization roadmap」 to lead the 

hydrogen economy

IPCC Report, Cambridge University Press 2018/10/8

The map using data from GISTEMP, Shows temperatures relative 
to the average between 1981-2010
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Special report on global warming of 1.5℃

No.5

1.1 Background of research

 The Intergovernmental Panel on Climate Change (IPCC) proposed limiting global warming to 1.5°C above pre-industrial levels, which was adopted in the Paris Agreement, 

and limiting net carbon dioxide emissions by 2030 by 45% compared to 2010 and net zero by 2050.

 121 countries around the world declared net zero by 2050 and 9 countries legislated net zero (as of Nov 2020).

 Korea also announced the Hydrogen Economy Roadmap to use hydrogen as a major source of energy (as of Jan 2019).



https://www.ccdailynews.com/news/articleView.html?idxno=2150778

https://m.ekn.kr/view.php?key=521974

https://www.e2news.com/news/articleView.html?idxno=237909

https://www.idomin.com/news/articleView.html?idxno=781871

Hydrogen
Infrastructure

etc.

https://www.yna.co.kr/view/AKR20191106081651062

Gangneung venture plant 
hydrogen explosion accident site

http://www.gasnews.com/news/articleView.html?idxno=47145
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Gunsan hydrogen plant explosion site
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1.2 Need for research

1. Introduction

Underground liquefied hydrogen station layout (Plan)

 Hydrogen infrastructure is built mostly on the ground, which is limited in terms of obtaining 

enough space in city centers and adjacent areas and causes civil complaints in the city

 Lack of acceptance in terms of protection, rescue, and safety facilities to mitigate risk in 

facilitates

 Lack of measures against potential hydrogen leaks, fires, or explosions in infrastructure,

including safe distancing and facility specifications

https://www.energy-news.co.kr/news/articleView.html?idxno=84218http://www.gasnews.com/news/articleView.html?idxno=103041



Hydrogen concentration = 40 %
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View of experimental structure

Vent conditions

Kv= 2.21
Kv= 3.31

Kv= 6.62 Airtight condition

International Conference on Hydrogen Safety 2023

 The previous research analyzed and confirmed the damping effect of peak overpressure depending on the size of the vent as an option to

minimize the impact of deflagration of hydrogen-air gas mixtures in an enclosure on people and buildings.

1. Introduction

1.3 Previous research and purpose of this study
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2. Methods and materials
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 This study conducted an experiment to identify the effect of vented deflagration depending on the ignition location in a concrete structure 

filled with hydrogen-air gas mixtures in the enclosure.
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• Experiment place: Army Corps of Engineers

• Experiment structure: L:4.8m x W:2.8m x H:2.8m

• Manufactured as a full-scale concrete structure with an internal volume of 20.3m3

• Vent size: L:1.5m x W:0.75m

• Vent design for opening and closing

Type Structures Roof vent

Concrete
structures

Dimensions
(m)

Thickness
(m)

Volume
(m3)

Dimensions
(m)

Area
A (m2)

Coefficient
KV (V2/3/AV)

L W H W Internal External L H
4.8 2.8 2.8 0.3 20.33 37.63 0.75 1.5 1.13 6.62

Overview of the experiment

Plastic
Sheet
(0.3T)

Overview of experimental structure

View of experimental structure

2.1 Experimental structures and measuring instruments
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Overview of experimental structure
Measurement related sensors and devices

2. Methods and materials

2.1 Experimental structures and measuring instruments

Vent
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1.0
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Side
ignition tree
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Experiment conditions

Test no. Vent condition Vent coefficient Ignition location Concentration of hydrogen

1 Av = 1.13 m2 KV = 6.62 Central ignition tree Front-vent ignition 1 29.0 %

2 Central ignition 1

3 Floor-wall ignition 1

4 Side ignition tree Front-vent ignition 2

5 Central ignition 2

6 Floor-wall ignition 2

𝑨𝒗𝟎 = 𝑨𝒔

𝟏 −
𝑷𝒓𝒆𝒅 + 𝟏
𝑷𝒎𝒂𝒙 + 𝟏

𝟏 𝜸⁄ 𝒃

𝑷𝒓𝒆𝒅 + 𝟏
𝑷𝒎𝒂𝒙 + 𝟏

𝟏 𝜸⁄ 𝒃

− 𝜹

𝑺𝒖𝝆𝒖
𝑮𝒖

𝝀

𝑪𝒅

 NFPA 68 (2013) & KFS 720 (1998)

KFS720, 1998. Standard on venting of deflagrations code.
NFPA68, 2013. Standard on explosion protection by deflagration venting code.

Where 𝐴 – the vent area calculated, m2; 𝐴 – the enclosure internal surface area, m2; 𝑃 –
the maximum pressure developed in a vented enclosure during a vented deflagration, bar-g;
𝑆 – fundamental burning velocity of gas-air mixture, m/s; 𝜌 – mass density of unburned gas-
air mixture, kg/m3; 𝜆– ratio of gas-air mixture burning velocity; 𝐺 – unburned gas-air
mixture sonic flow mass flux, kg/m2-s; 𝐶 – vent flow discharge coefficient; 𝑃 – the
maximum pressure, bar-g; 𝛾𝑏– ratio enclosure pressure prior to ignition, bar-g.

Vent condition

Av=1.13m2

Ignition location conditions

- Central ignition tree (Front-vent ignition1, Central ignition1, Floor-wall ignition1)
- Side ignition tree (Front-vent ignition2, Central ignition2, Floor-wall ignition2)

Hydrogen concentration conditions

We set the hydrogen concentration at 29.0 %, corresponding to an equivalence ratio 
(Ø) of 1.0, in which the hydrogen-air combustion reaction proceeds efficiently

2. Methods and materials

2.2 Experiment conditions and method

Vent

[Unit : m]

4.8
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FVI2

CI2

FWI2

0.75
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2.8

1.1

1.1 Central 
ignition tree

Side
ignition tree

Experiment on the vented deflagration of 
hydrogen-air gas mixtures



International Conference on Hydrogen Safety 2023

No.11

Experiment method

No. Contents

1 Airtight condition using vinyl sheet

2 Supply hydrogen to the inside of the experiment structure

3 Stop supplying hydrogen when the hydrogen reaches ±3% 
of the desired range

4 Use a blower to induce good mixing of hydrogen and air in the space

5 When the hydrogen concentration in the space stabilizes, the data logger and therma
l imaging camera are activated

6 Ignite the mixed gas; explosion occurs immediately after ignition

7 Measure the incident pressure and reflected pressure in units of time using a 
pressure sensor connected to the data logger

View of the experiment site Airtight condition using 
vinyl sheet

Thermal imaging
camera recording

Supplying hydrogen to the inside 
of the experiment structure

Induction into a homogeneous 
state using a blower

Reflected pressure sensor
operation

Incident pressure sensor
operation

Sensor measurement

2. Methods and materials

2.2 Experiment conditions and method

Remote control box for 
igniter & sol V/V

Experimental control room

Remote control box for
hydrogen leakage test & fan

H2 supply pipe

Pressure gauge

Remote control box for 
pressure measurement data logger

Vent

VIP1
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VIP3 

HIP1 HIP2 HIP3

Gas supply 
nozzle

CS3
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Fan
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H2 concentration sensor

Pressure sensor 
(Reflected pressure)

Ignition

Pressure sensor
(Incident pressure)

Gas supply nozzle

H2 H2 H2 H2 H2 H2

Reducer

Valve

Solenoid valve

Measuring element
(Pressure sensor)Solenoid

valve

Solenoid valve

Valve

Pressure sensor

Gas supply unitHydrogen tank

Fan
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3. Results and discussion

3.1 Hydrogen concentration histories of the roof vented deflagrations
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[Unit : m]

4.8

2.8

FVI2

CI2

FWI2

0.75

1.5

2.8

1.1

1.1

Side
ignition tree

Vent

[Unit : m]

4.8

2.8

FVI1

CI1

FWI1

0.75

1.5

2.8

Central 
ignition tree



International Conference on Hydrogen Safety 2023

No.13

Central ignition tree Side ignition tree

Ignition location conditions

Central ignition tree
(Front-vent ignition1, Central ignition1, Floor-wall ignition1)

Side ignition tree
(Front-vent ignition2, Central ignition2, Floor-wall ignition2)

3. Results and discussion

3.2 Overpressure recordings in roof vent deflagration (Reflected pressure, RP)
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3. Results and discussion

3.2 Overpressure recordings in roof vent deflagration (Vertical incident pressure, VIP)



International Conference on Hydrogen Safety 2023

No.15

Front-vent ignition 1 Center ignition 1 Floor-wall ignition 1

Front-vent ignition 2 Center ignition 2 Floor-wall ignition 2

Central ignition tree

Side ignition tree

0.00 0.02 0.04 0.06 0.08 0.10

0

1

2

O
ve

rp
re

ss
u

re
 (

kP
a)

Time (s)

1st peak= 0.29 kPa

0.00

0.01

0.02

Im
pu

ls
e 

(k
P

a
·s

)

VIP1 Overpressure
VIP1 Impulse
VIP2 Overpressure
VIP2 Impulse
VIP3 Overpressure
VIP3 Impulse

0.00 0.02 0.04 0.06 0.08 0.10

0

1

2

3

4

5

O
ve

rp
re

ss
ur

e
 (

kP
a

)

Time (s)

1st peak= 1.59 kPa

1st peak= 0.95 kPa

1st peak= 0.58 kPa

VIP1 Overpressure
VIP1 Impulse
VIP2 Overpressure
VIP2 Impulse
VIP3 Overpressure
VIP3 Impulse

0.00

0.01

0.02

0.03

0.04

0.05

Im
p

ul
se

 (
kP

a
·s

)

0.00 0.02 0.04 0.06 0.08 0.10
−2

0

2

4

6

8

10

O
ve

rp
re

ss
ur

e 
(k

P
a)

Time (s)

1st peak= 6.03 kPa

1st peak= 3.02 kPa

1st peak= 1.90 kPa

VIP1 Overpressure
VIP1 Impulse
VIP2 Overpressure
VIP2 Impulse
VIP3 Overpressure
VIP3 Impulse

−0.02

0.00

0.02

0.04

0.06

0.08

0.10

Im
pu

ls
e

 (
kP

a
·s

)

0.00 0.02 0.04 0.06 0.08 0.10
−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

O
ve

rp
re

ss
u

re
 (

kP
a)

Time (s)

1st peak= 1.49 kPa

1st peak= 0.89 kPa

1st peak= 0.52kPa

VIP1 Overpressure
VIP1 Impulse
VIP2 Overpressure
VIP2 Impulse
VIP3 Overpressure
VIP3 Impulse

−0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

Im
pu

ls
e 

(k
P

a
·s

)

0.00 0.02 0.04 0.06 0.08 0.10

0

5

10

15

20

O
ve

rp
re

ss
ur

e
 (

kP
a

)

Time (s)

1st peak= 10.70 kPa

1st peak= 6.75 kPa

1st peak= 4.44kPa

VIP1 Overpressure
VIP1 Impulse
VIP2 Overpressure
VIP2 Impulse
VIP3 Overpressure
VIP3 Impulse

0.00

0.05

0.10

0.15

0.20

Im
p

u
ls

e
 (

kP
a

·s
)

0.00 0.02 0.04 0.06 0.08 0.10
−5

0

5

10

15

20

25

30

35

O
ve

rp
re

ss
u

re
 (

kP
a

)

Time (s)

1st peak= 30.10 kPa

1st peak= 17.94 kPa

1st peak= 10.42kPa

VIP1 Overpressure
VIP1 Impulse
VIP2 Overpressure
VIP2 Impulse
VIP3 Overpressure
VIP3 Impulse

−0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Im
p

u
ls

e 
(k

P
a·

s)

3. Results and discussion

3.2 Overpressure recordings in roof vent deflagration (Horizontal incident pressure, HIP)
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3. Results and discussion

3.3 Effect of ignition location on peak overpressure value
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3. Results and discussion

3.4 Effect of ignition location on external flame behavior
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3. Results and discussion

3.5 Damaging effect on humans from vent explosions

Overpressure-impulse thresholds of harm criteria for humans
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In this study, we conducted experiments to determine the effects of vent explosions according
to the location of the ignition in a cuboid concrete structure (20.33 mm3) with a vent (1.13 m2)
on its roof, filled with a hydrogen-air mixture (29.0 Vol.%).

The main conclusions are summarized as follows.

With the increasing distance of the ignition source from the vent, the impact on
overpressure and flame behavior increases, resulting in up to 24.4 times greater
incident pressure values and up to 8.7 times greater reflected pressure values.

When exploring the behavior of the generated external flame, we observed that the
shape of the formed flame differed according to the ignition location. In particular,
the central ignition tree formed a flame with a long cylindrical column shape,
whereas the side ignition tree formed a flame with a wide mushroom-cloud shape.

We predicted that distant ignition (FWI2, side ignition tree) might result in “Injury”
level damage to humans (1% fatality probability) at a distance of 2.4 m away from
the vent (HIP1), whereas almost no damage will occur at a distance of 7.4 m or more
from the vent.

The results of this study are used as basic data for presenting design guidelines for explosion
vents in underground spaces.

1

4. Conclusions

2

3
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