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Aim and Objectives

* Use numerical modelling to identify key differences between hydrogen and methane during leakage scenarios in
small, confined spaces (i.e., a wall cupboard in a kitchen)

e Comparison of gas leakage based on concentration

* Influence of gas leak diameter (1.8mm —7.2mm)
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* Influence of gas leak location within the space
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Visualisation of cupboard geometry using (a) isometric view of the cupboard; and (b)
Location of different gas inlets on the back face of the cupboard



=)  Methodology

Model Setup

« k-g€ equations used for simulating turbulent flow
of gases

« First 10 minutes of leakage scenario
considered
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* Assumptions:
« No venting in the cupboard

» Gas mixtures (methane-air; hydrogen-air) do not
react

* No temperature change

Representative mesh for (a) Graded mesh for fluid domain to allow for visualisation of
gas leak; and (b) Gas inlet (green).



=)  Methodology

Data Collection and Post Processing

 (Gas concentration measured based on mole
fraction

* 9 probe locations towards the top of domain

* Arithmetic mean of all locations used to
estimate gas concentration

(a) Isometric view; and (b) Top View of the cupboard geometry to mark the locations of
point probes (Labelled 1-9) for gas concentration measurement.
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s ) Results and Discussion

Observations about Gas Leakage
 Momentum driven flow of gases

« Stratification of gas observed as time
progresses

« Hydrogen has higher concentration in air
after 600s (10 minutes)
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Entry Location 1 (a) Entry Location 2 (b)
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Change in hydrogen concentration in a cupboard for different leak diameters (1.8mm;

2.5mm; 3.6mm; 5.1mm and 7.2mm) at (a) entry location 1; (b) entry location 2; (c)
entry location 3; (d) entry location 4; (e) entry location 5; (f) entry location 6



=) Results and Discussion

Gas Leaks - Methane

« Maximum concentration between 6-7.3% in
air

« Maximum concentration reached in
approximately 235s

« Under severe conditions (7.2mm leak
diameter), maximum concentration was
achieved up to 45s slower than hydrogen
cases.

« Leak location influenced the maximum
concentration for each case

Entry Location 1 (a) Entry Location 2 (b)

/
0 0 —
0 50 100 150 200 250 300 350 400 450 500 550 600 ° 50 100 150 200 250 300 350 400 450 500 550 600
Time (s) Time (s]
Entry Location 3 (c) Entry Location 4 (d)
009
— CH,18
CH, 25
0.08 CH,36
CH, 5.1
CH72 A ~
007 — / \/ N4 \
/ X
f NN
0.06 / NS
€ v S -
K]
8 005 /
£ /
2 /
2 /
= 004 /
:‘ /
o /
003
002 /
001 —
oL——— -
0o s 1 100 150 200 250 300 350 400 450 500 550 600
Time (]
Entry Location (e) Entry Location (f)
009 009
—cl —cl
0.08 CH, 3 Vi 0.08 3 et \
CH,72 AN / \ CH,72
0 = / — 0.07 S
06 A 0.06 /
/ €
2 2 /
2 g 005
/ w /
] 004 / ;g 004 //
/ F4
o /
003 / 003 /
/
— 002
—~ - e /
—_— ° e
S0 100 150 200 250 300 350 400 450 500 550 600 ] 50 100 150 200 250 300 350 400 450 500 550 600
Time (s] Time (s)

Change in methane concentration in a cupboard for different leak diameters (1.8mm;
2.5mm; 3.6mm; 5.1mm and 7.2mm) at (a) entry location 1; (b) entry location 2; (c)
entry location 3; (d) entry location 4; (e) entry location 5; (f) entry location 6



Conclusions

Key Findings

Both Hydrogen and Methane tend to stratify during the leak process

In most cases, both gases were within flammability limits at the end of 600s

Inverse correlation between leak diameter and time take to reach maximum concentration

For both cases, the leak location influences the way and rate at which gas occupies the space



=) Key Findings

The Way Forward e e

« Hydrogen as a fuel can be used with
appropriate safety and detection processes in
place

« Develop a deeper understanding of the ignition
consequences of hydrogen in a domestic
setting

* Improve awareness around hydrogen
consumption to improve technology uptake
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