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Introduction of Hydrogen
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Introduction of Hydrogen
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Jet fire

O Flammable gas
O Wide range of inflammability (4% ~75%)

O Very fast flame propagation speed

Overpressure
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Safety Matters CFD Helium Gas(Inert Gas)
Yassine et al.(2015) Lee et al.(2022) Matsuura et al.(2009)
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Previous research

Q

Variable of vent

L N

b o 0
T Enclosure - Position Vemn
R Vent
O oy
B _"D\ i  HYDROGEN 4 Shape A Q
C Continuous ventilation Assume a hydrogen leak situation Size ]
T
e
o)
N

+————— Safeguards
Preventive Mitigative

Safe I 00 0 }\;N"] I
— 9_—.
0 0

Incident

Hazards

P
el
O
o
'
Consequences

Defects in safeguards

Abnormal conditic Emergency measures Swiss cheese model

— _
Required! \J (Daniel A.Crowl et al, 2019)




Current research
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% Itis possible that the natural and forced ventilation system is defective and ventilation is not properly carried out.
< In this case, an inappropriate response (ex, the possibility of releasing electrical energy) may lead to an explosion due

to the low MIE of hydrogen.
% Therefore, it is necessary to consider emergency measures to safely resolve the leakage after it has already

accumulated concentration due to limited ventilation




Experimental Setup

Experimental objective

** When hydrogen accumulates in a closed space, determines the time it takes for the internal hydrogen concentration to fall below

the standard value through the natural roof ventilation opening.
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Schematics of the experimental setup Locations of six hydrogen concentration sensors

Equipment Characteristics

-Company: MKP
Hydrogen supply system -Model: TSM-D260
-Flow rate: 2,000~5,000sIm
MF : '
(MFC) -Working pressure: 8barg

Hydrogen concentration -Company: SGX sensortech

sensor -Model: VQ600

Specifications of the experimental setup



Experiment Cases

Cases for nine scenarios investigated in our experiment

The size.of leak  Vent o.p.ening Vent area (Ba\slggtoanrei‘?oor Leakage f!ow
hole (inch) position (m?3) rate(L/min)
area)
Casel Center 1.125 12%
Case2 1/2 Both side 2.25 24% 600
Case3 Whole 3.375 36%
Case4 Center 1.125 12%
Case5 1/4 Both side 2.25 24% 200
Caseb Whole 3.375 36%
Case7 Center 1.125 12%
Case8 3/8 Both side 2.25 24% 400
Case9 Whole 3.375 36%

Center open
(Case 1,4,7)

Both side open
(Case 2, 5, 8)

- . v
e oo

Whole open
(Case 3,6, 9)



Experiment Results (Leak Characteristics)
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‘Concentration point due to leakage
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Experiment Results (Leak Characteristics)
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Experiment Results (Ventilation Characteristics)

Hydrogen concentration change over time for a vent area corresponding to 12% of the floor size
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Experiment Results (Ventilation Characteristics)

Hydrogen concentration change over time for a vent area corresponding to 24% of the floor size
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Experiment

Results (Ventilation Characteristics)

Concentration(%)

Hydrogen concentration change over time for a vent area corresponding to 36% of the floor size

S1 S2 S3 S4 S5 S6 — — -Fitting Curve up to 4%
161 ##y = A2 + (A1-A2)/(1 + GI/X0)Ap) T sy = y0 + AT - epOxt1) + A2°(1 - exp(x/t2) | 10 #ry = A2 + (A1-A2/(1 + exp(6ex0)/c)
‘\"._ R2= 0.8322 R?= 0.98377 RZ= 0.98712

_._L
3% ] =N

PR B |
- o
IS
1 L

_
L=
1
-
(=]
1

Concentration(%)
.7

Concentration(%)

2 2
0 o]
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 250
Time(s) Time(s) Time(s)
Case 3 Case 6 Case 9
200 - 1%
175 -| [ 1%
Case9 0
4% 47.8 58.8 42 3
g
1% 161.2 134.4 141.2

Case 3 Case 6 Case 9



Experiment Results (Ventilation Characteristics)

Venting coefficient
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Conclusion

Results obtained by performing natural ventilation by opening the roof vent after accumulating the
concentration of hydrogen in the enclosed space through this study,

1 Depending on the size of the leakage hole through which hydrogen leaks, the time to reach the
concentration that could explode was clearly different, and the larger the size of the leakage
hole, the faster it reaches.
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. Stratification in the enclosed space varied depending on the size of the leakage hole and the
leakage pressure, and it is judged that explosion safety measures are needed considering this.

3 In the case of ventilation time, the smaller the area of the vent, the higher the dependence on
the external environment, making it difficult to predict the normal ventilation time, and it also
takes a long time.

4 As the area of the ventilation hole increased, the ventilation time and deviation decreased, and
the ventilation time of the medium and largest ventilation holes showed a similar range.
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