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Abstract >> While hydrogen is widely used, it has a low minimum ignition energy,
raising safety concerns when using it. This research studied which parameters
are the key variables in the hydrogen release and diffusion. These parameters
were divided into six process variables in the initial release and two environ-
mental variables in the dispersion. One hundred and twenty cases were selected
through design of experiment, and the end-point in each case were analyzed us-
ing PHAST. Afterwards, an end-point prediction model was developed using RSM
and ANOVA, and the impact of each variable on the endpoint was analyzed. As a
result, the influence of eight variables was graded. The nozzle diameter had the
greatest influence on the end-point, while the pipe roughness coefficient had no
effect on the end-point. It is expected that these results will be used as basic data
to improve safety across all fields of hydrogen handling facilities.

Key words : Release characteristics(5+& £4), Hydrogen dispersion($4A 4,
Effective parameters(§ 8 H 4 ), RSM(HH-S B H ) ANOVA(E ALE A)
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CAS No. Density (STP)

Molecular weight
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Specific heat ratio

Minimum ignition energy

1333-74-0 0.08988 g/L
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Table 2. The range of various parameters in scenario
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Level of factor
Parameters | Symbol | Unit
-1 0 1
Dlls.tance from A m | 5 10
facility to source
Diameter of pipe| B mm 254 | 50.8 | 101.6
Roughness | m | 0046 | 0.15 | 0.26
factor
Hydrogen D T | 40 | o 40
temperature
H
ydrogen E | barg | 100 | 350 | 700
pressure
Nozzle diameter| F mm | 0.178 | 0.564 | 1.78
Wind speed m/s 1 3 6
Release height H m 0 2 4
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Table 3. RSM test matrix and end-point (continued) Table 3. RSM test matrix and end-point (continued)
Rn| A|B|c|D|E|F|G|u]| B Rm|A | B|Cc|D|E|F|G|u| P+

point (m) point (m)
stlofl1|lt1t]o|lo]1]1]o0] 467 wifolojof|o] 1 ]|-1]-1]1]o02m
210 -1 1]o|o]1]-1]0] 8314 102 olojo|o]o]]o| o] o] 158
530|101 |1]0]1]|o0] 1966 103 -1 1]o|ofo]|o0]|-1]1]0373
54l 11100 0]0]| 1| 1] 19 104 1lo]-1]0]1 -1 | 2485
55000 |-1]1]0]0]-1]1] 1211 105/ -1 00 |-1]0]-1]-1]0]0123
56 | -1 |-1|-1]-1]0]0] 0] 0] 254 106 0lo|o0|0]0]| 0] o0] 1558
570/ 0lo0o]o|o]o] o] o] 1558 w7l tlol-tloflo]|1]o]-1]| 3304
58l o1 lo]1|o]1]o0o] 1] 3800 108 -1lofjo|1]-1t]o]o] 1] 108
59l olololo|o]o]| o] o] 1558 09| ofloflo|o|-1]-1]-1]-1]009
60| 0| 1 |-1]o|-1]0] 0] 1] 0540 mo| 1t oo t1t]o]| 1] 1] o] 5531
61| -1]oflof-1tlo]1]|1]o0]e6l14 mrl-tjfofr{olt1]o]|-1]o0] 1667
621 0|0 |-1]-1]1]1]0]o0] 9419 mlofloflo|of] 1|1 ]1] 1] 8560
63|-1{o|lof1|1]o0o]o0]f-1] 1610 1m3l-1{of|-1{o|lof1]o0o] 1] 6805
64l o1 | 1]o|-1]0]o0]-1]274 mal 1 {1 |-1]-1/ofjofo| o] 1065
65/ 0 | -1 | 1]0|-1]0] 0] 1] 1454 1ms(-1{o o 1|0/ 1]-1]0] 5700
66| 0 | -1 0] 1] 0] 1] 0]-1] 4843 16| 0 | 1 [ 1 {0 |0 ]-1]-1]0] 008
67l 0|10 1|0 ]-1]0]-1]1792 17 1o f-1{o|1]0]-1]0] 1667
68| 1 |0 | 1 ]0|-1]0]-1]0] 0284 1mg| -1 | 11 |-1fofo| o] 0| 1065
6910 |-1|-1]o|1]o] o] 1] 3660 mol 1 /oflof-tl-1]0]o0o] 1] 115
70/ -1 1 loflo|l1]-1]o0]o0] 0337 120 -1t ]-1]1]of]o]o] o] 0573
7111t loflolo]o]|-1]-1] o046
l-1{o|lt1]o|-1]0]1]o0] 139
Blolo |l 1] 1]o]o]-1]-1]o054
74 0 1 0 1 -1 0 -1 0 0.150 Table 4. Model summary statistics
7510(0 oo 1 ]-1]1]-1]2668 ) Standard 5 - 5
7610 | -1]-1]0]0|-1]-1]0]0278 Equation | iation | & | AUR"|pred R PRESS
710101010 01010] 158 Quadratic | 033 | 0.9380 | 0.9016 | 0.8318 | 22.81
78 1 | -1 0]0|-1]1]01] 0] 4353
7911700 ]-1]-1]01]0]-1] 3.004
80l oo | 1] 1]o0|o0o]|1]|1] 2251
811 1 010 1 04-1)-110] 0123 Normal Plot of Residuals
glo|-1lo]-1|-1]0]-1]o0] 108
8|1 |-1loflo|1]-1]0]o0] 1134
g4 |-1|o0|-1]0]|-1]0]-1]0] 0284 99| "
& |1 |olo]-1|1]o]o]f-1]1786 Z 951
g6 |-1|o|lo|-1|1]o0o] o] 1] 249 3 901
g7loflo oo | 1] 1]-1]-1]3732 8 80-
880 | -1] 0| -1 01|01 8024 S 70~
o[ -1 l1[olol1[1]0] o] 891 < S0
ottt ]l1r]ofofo[o]o057 5 393
91| 1o 1]oflo|1]|]o0] 1] 6805 € 10-
210 |0|-1]-1|-1]-1]07]0] 0301 S 5-
9g3lo|o|1]|-1]1]-1]0]o0] 0535 1 >
9o |oflofo|-1]1]|-1]1] 2415 ]
95| o |1 |of-1t]t1]o]|-1]o0] 1072
9| 0]|o0o|loflolo]o]| o] o] 1558 ‘ ‘ \ \
7T 1 12 To0o o lo ol 1 -1 525 300 -150 000 150 3.00
99l 1]oflo|1|-1]0]o0]-1]2601 . )
901 0T 0T ool 0ol ool 13 Externally Studentized Residuals
100 | -1 0 1 0 0 1 0 -1 3.304 Fig. 1. Residual plot of end-point model
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Fig. 2. Impact of the main parameters on end-point
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A 0.06 1 006 | 057 | 04523 S RS AR getdr) =& 29 #o|(H)2
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End-point
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H: Releass height (m) "~~~ F: Nozzle dameter (mm) H: Release height (m) \ B: Pipe diameter (mm)
2
G &
o -
G: Wind speed (m/s) ‘\/‘/ B: Pipe diameter (mm)
€
g
E &
0 0
F: Nozzle diameter (mm) 1v1/ €: Hydrogen press. (barg) | E: Hydrogen press, (barg) .~ B: Pipe diameter (mm)
Pt e
2
B &

STk W, a0 AU} (E), F5(6), v 4
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