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Optimization of Hydrogen Leak Detector Placement in Fuel Cell Tractors
Based on Leak Scenarios

HYEWON SEO, SUYEON YU, JAEHWAN JUNG, JUNGWOON LEE'

Institute of Gas Safety R&D, Korea Gas Safety Corporation, Korea

TCorresponding author :
liw@kgs.or.kr Abstract >> This study presents an analytical approach for evaluating hydrogen

Fecoived 18N cor 2025 leakage risks and optimizing the placement of hydrogen leak detectors in a

RZ\CIEZZ . Deé’;’mesr’m% fuel-cell-powered agricultural tractor. Representative leakage scenarios were

Accepted 10 December, 2025  defined under realistic operating conditions, and the corresponding leakage
hole sizes and mass flow rates were determined in accordance with ISO
60079-10-1. CFD simulations using ANSYS Fluent were performed to analyze hy-
drogen dispersion behavior, and sensor response characteristics were extracted.
Based on these results, analytical procedures—including scenario—sensor ma-
trix construction, coverage and detection-time evaluation, spatial detection
mapping, and Genetic Algorithm-based optimization—were employed to derive
the optimal detector placement. The proposed framework provides a systematic
methodology for enhancing the safety of hydrogen-powered tractors and related
mobility systems.
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Table 1. Categories of Variables in Hydrogen Leakage Analysis

Item Type

Manifold, Regulator, Power Pack
(Front, Rear, Left, Right, Top, Bottom)
Front, Rear, Left, Right, Up, Down

Leak Location

Leak Direction

Leakage Orifice Area
[mm?’]

025, 1, 25, 5
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Table 2. Coordinate positions of virtual sensors inside the tractor

Sensor 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
x(m) | -0.35 | 0.15 | 0.15 | 0.15 0.8 1.15 1 1 1 1.5 1.7 1.7 1.7 2.4 2.5
y(m) 0 0.45 | -0.45 0 0 0 043 | -043 0 -043 | -0.5 0.5 0 0 0
z(m) 0.9 0.9 0.9 1.25 0.9 0.9 0.9 0.9 1.4 0.65 1.4 1.4 1.73 1.6 1.3

2 m)

Fig. 3. Placement of virtual sensors inside the tractor
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Fig. 7. Prediction error over time at the A3 sensor
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Results
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Fig. 10. Mesh of the hydrogen leakage flow region in the
tractor-2
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Fig. 11. Mesh of the hydrogen leakage flow region in
the tractor-1
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Table 4. Sensor response time by scenario

£ IRFX| EES| 4 5 CFD 42 5

T FE AP | Z HiX| S

fE =
2 wgth oYF AFL T+ I
T BE + 2 AW 45014 2
R
w20 49, B 2ol 13

Scen Ist sensor | 1% time [s] | 2nd sensor | 1% time [s] | 3rd sensor | 1% time [s] | 4th sensor | 1% time [s]
1 10 0.01 13 0.23 9 0.52 7 0.6
2 7 0.053 2 0.072 6 0.094 9 1.17
3 13 0.232 - - - - - -
4 13 42 12 7.55 15 9 10 9.95
5 10 0.001 11 0.015 14 0.03 7 0.1
6 5 0.13 7 0.14 9 0.22 10 0.35
7 R R R R - - - -
8 8 0.38 13 0.6 2 1.1 10 1.15
9 10 0.011 11 0.015 6 0.019 13 0.02
10 7 0.052 5 0.068 6 0.085 8 0.12
11 - - - - - - - -
12 7 0.051 12 0.059 13 0.065 2 0.078
17 8 2.03 9 2.6 5 2.66 7 2.98
18 - - - - - - - -
19 10 4.75 - - - - -
20 10 0.015 8 2.05 3 2.65 5 44
21 10 0.17 6 0.47 13 0.68 12 0.71
22 7 1.75 2 1.9 5 2.06 8 3.4
23 7 1.6 2 3.02 5 12.1 17.05
24 10 0.06 8 0.28 6 0.69 9 0.81
25 5 0.28 10 0.36 6 0.37 12 0.57
26 0.19 6 0.42 9 0.53 2 0.54
27 10 0.1 7 0.45 5 1.18 13 2.13
28 8 0.02 3 0.17 4 0.39 11 0.48
30 2 1.51 3 1.67 1 2.65 - -
31 1 0.63 2 0.77 3 1.07 7 1.27
32 1 0.09 3 0.095 9 0.15 2 0.24
34 7 1.45 5 2.65 8 2.7 9 6.5
35 5 2.5 8 0.27 7 0.6 4 1.21
36 5 0.005 8 0.059 3 0.122 2 0.288
38 3 0.01 4 2.98 - - - -
39 3 0.01 9 0.94 4 1.09 6 1.26
40 3 0.0254 8 0.163 10 0.241 1 1.45
42 7 0.2 2 2.8 - - - -
43 7 0.14 2 0.21 4 1.8 1 1.05
44 2 0.016 7 0.089 12 1.02 1 1.05
46 4 0.28 7 2.5 9 6.32 8 8.21
47 9 0.17 4 0.3 2 0.55 8 0.68
48 4 0.9 7 0.11 8 0.14 9 0.24
50 1 1.98 4 3.81 2 4.56 7 5.96
51 1 1.65 4 2.14 3 2.45 2 4.98
52 1 0.495 2 0.698 4 0.74 7 0.81
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Table 6. Comparison of sensor detection performance

sensor avg time[s] | worst time[s] | coverage%

1 1.23 2.65 21.43
2 1.37 4.98 40.48
3 0.83 2.65 23.81
4 1.42 3.81 26.19
5 2.55 12.10 26.19
6 0.43 1.26 19.05
7 1.00 5.96 50.00
8 1.46 8.21 33.33
9 2.86 17.05 30.95
10 1.32 9.95 30.95
11 0.17 0.48 7.14
12 1.98 7.55 11.90
13 1.02 4.20 19.05
14 0.03 0.03 2.38
15 9.00 9.00 2.38
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Table 8. Detection Performance of Sensor Configurations
Optimized by GA

Sensors Coverage% Worst[s] Avgl[s]
[3, 7, 10] 88.10 9.95 1.10
[2, 8, 10] 85.71 9.95 1.44
[3, 7, 13] 83.33 5.96 0.96
[4, 7, 10] 83.33 9.95 1.12
[2, 7, 10] 83.33 9.95 1.21
[2, 4, 10] 83.33 9.95 1.21
[3, 6, 7] 80.95 5.96 0.87
[2, 9, 10] 80.95 9.95 1.63
[3, 7, 8] 78.57 5.96 0.83
[3, 7, 12] 78.57 7.55 1.12
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