Journal of the Korean Society of Safety
Vol. 38, No. 6, pp. 9-15, December 2023
https: //doi.org/10.14346/JK0S0S.2023.38.6.9

ISSN 1738-3803 (Print)
ISSN 2383-9953 (Online)
http: //www.kosos.or.kr/jkosos

S HIAY T 2
__12

QAR - kLT - Opeg !

=0EL

=

5 M| CHE 235 A

Multi-Objective Optimization Study of Blast Wall Installation for
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Hydrogen is gaining attention as a sustainable and renewable energy
source, potentially replacing fossil fuels. Its high diffusivity, wide flammable range, and
low ignition energy make it prone to ignition even with minimal friction, potentially
leading to fire and explosion risks. Workplaces manage ignition risks by classifying

areas with explosive atmospheres. However, the effective installation of a blast wall can

E-mail : anjeon@jnu.ac.kr
Received : September 27, 2023
Revised : November 10, 2023
Accepted : December 1, 2023

significantly limit the spread of hydrogen, thereby enhancing workplace safety. To
optimize the wall installation of this barrier, we employed the response surface
methodology (RSM), considering variables such as wall distance, height, and width. We

performed 17 simulations using the Box-Behnken design, conducted using FLACS
software. This process yielded two objective functions: explosion likelihood near the
barrier and explosion overpressure affecting the blast wall. We successfully achieved
the optimal solution using multi-objective optimization for these two functions. We
validated the optimal solution through verification simulations to ensure reliability,
maintaining a margin of error of 5%. We anticipated that this method would efficiently
determine the most effective installation of a blast wall while enhancing workplace

safety.
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Table 1. Condition of scenario
Categorize Value
Material (Cas No.) Hydrogen (1333-74-0)
Tank Volume (m®) 49
Internal Press (MPa) 0.9
Internal Temperature (C) 60
Leakage Diameter (inch) 4
Air Temperature (C) 40
Wind (m/s) 1.5
Stability Class F
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3.1 FLACS 22

3D CFD(Computational Fluid Dynamics) 32 78]9]
FLACS AZEQo]= =& - A U 51x), Zwlof o
oF oot S AL A=l AaE Sl
Moy 9 A=AS ZWSAHO. waka, FLACS
Guide”” ofl e} A2 TAelo] B4 WA A
steich Sk AvoziE 5 m olo] FEEE 9
AN w20 ofat B4 A ARe] ofat ol g
Eol2 dAsto] E7A S nlasiich A=A
oA payE7] FER] 30%Y i, gt ot =
A8 S =3 ZgETore oF Sbar X R =AE|Q)
P, b, el S eSS
o AU B v5T AL A Yolo] 2
AolA FcfBumRte Sstel A 2718 sl
97, Sk Buol ik A% SYAS Fig 2] vheb
uisiek

J. Korean Soc. Saf., Vol. 38, No. 6, 2023



2 & 3 3 8 &

Pressure Max Zone

7/

045 05

Hydrogen Pressure(barg)

5 8

Hydrogen discharge length(m)

015 02 025 03 035 04

Grid Size(m)

025 03 035 04 045 0s 01

Grid Size(m)
Fig. 2. Variation of hydrogen discharge length (a) and
hydrogen overpressure (b) on the different mesh sizes,

Fig. 3. FLACS simulation Grid setting conditons,
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Table 2. Selected level parameters and levels value

Parameter Level -1 Level 0 Level +1
A : Distance (m) 2 4 6
B : Height (m) 2 3 4
C : Width (m) 8 10 12

Table 3. Box—behnken design and simulation results

Hydrogen Vol. (%) Overpressure (kPa)

Run A B C

1 0 1 -1 234 3.77
2 -1 -1 0 975 10.79
3 -1 0 1 75.0 12.1
4 0 -1 -1 29.7 297
5 0 1 1 25.0 3.16
6 -1 0 -1 919 10.77
7 -1 1 0 62.5 7.56
8 1 0 -1 243 244
9 0 -1 1 313 321
10 0 0 0 26.7 339
11 0 0 0 26.7 339
12 1 0 1 24.1 245
13 0 0 0 26.7 3.39
14 0 0 0 26.7 3.39
15 0 0 0 26.7 3.39
16 1 -1 0 283 2.19
17 1 1 0 225 2.46
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Table 4. Regression model summary for explosion likelihood

Source Sequential p-value Adjusted R-Squared
Linear 0.0007 0.6548
2F1 0.9684 0.5620
Quadratic < 0.0001 0.9815
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Table 5. Regression model summary for overpressure affecting
barrier

Source Sequential p-value Adjusted R-Squared
Linear < 0.0001 0.83014
2FI 0.7966 0.7657
Quadratic 0.0002 0.9775
E, = In(—06A4—0.14B—0.02C 2)
+0.54 AB+0.065 AC +0.003 BC
+0.51 A%=0.004 B2+0.021 C?)
E}maz = In(124—-0.728B—-0.002C 3

+0.12 AB+0.028 AC —0.06 BC
+0.39 42—0.09 B>+ 0.053 C?)

Table 6. ANOVA analysis results for explosion likelihood

Source gqutlnargi df Sl\c/ll 32?6 F-Value PI;;:aE eF
Model 418 9 0.46 955 < 0.0001
A 2.86 1 2.86 589.53 < 0.0001
B 0.16 1 0.16 33.26 0.0007
C 3.1 E-03 1 3.1 E-03 0.63 0.4545
AB 0.012 1 0.012 2.39 0.1664
AC 0.017 1 0.017 343 0.1065
BC 4.6 E05 1 46E-05 9.6E03 09246
A’ 1.11 1 1.11 227.63 < 0.0001
B 8.1 E-05 1 8.1 E-05 0.017 0.9011
c 1.9E-03 1 1.9E-03 0.39 0.5505
Residual ~ 0.034 7 48E-03 - -
Cor Total 421 16 - - -
AR Aol ofsff 2 Wl tiRt A A
oz Yl 4 911, §o5Eg 95%= st ¥
9] e Basict

Table 7. ANOVA analysis results for overpressure affecting
barrier

Source ggumargsf df sl\;[ Szrne F-Value Pl:(—);/aiu%
Model 496 9 0.55 7826 < 0.0001
A 420 1 420 596.53 < 0.0001
B 34 E-05 1 34E05 49E03  0.9460
c 5.9 E-05 1 59E05 83E-03 09296
AB 0.056 1 0.056 7.9 0.0261
AC 3.1 E-03 1 3.1 E-03 045 0.5248
BC 0.016 1 0.016 229 0.1738
A? 0.64 1 0.64 9133 < 0.0001
B 0.034 1 0.034 4.88 0.0628
¢ 0.012 1 0.012 1.66 0.2386
Residual ~ 0.049 7 7.1 E-03 - -
Cor Total  5.01 16 - - -
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Fig. 6. Perturbation plot about explosion likelihood(a) and
overpressure affecting barrier(b).

Table 8. Results of single objective optimization about
explosion likelihood and overpressure affecting barrier

Hydrogen Vol. (%)

Overpressure (kPa)

Distance (m) 49 5.7
Height (m) 3 2
Width (m) 10.8 9.3
Result 22.49 2.01
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Table 9. Results of multi—objective optimization

Source Optimization Result
Distance (m) 545
Height (m) 225
Width (m) 9.1
Hydrogen Vol. (%) 24.34
Result
Overpressure (kPa) 2.18
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Table 10. Validation of simulation about multi—-purpose optimization
results

Overpressure (kPa)
2.18

Source Hydrogen Vol. (%)

Optimization Result 24.34

Verified Result 24.52 2.04
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