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Abstract:

hydrogen safety accidents of hydrogen compressors based

This paper summarizes and analyzes the

on the description of skid-mounted compressor systems;
then, a fault-tree-based hazard identification of skid-

mounted hydrogen compressor systems is carried out for
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combustion and explosion accidents caused by hydrogen
leakage; after that, an event tree analysis is applied to
study the consequences and probability of hydrogen safety
accidents considering system protection measures;
finally, the consequences of jet flame, flash fire and
explosion accidents caused by the hydrogen leakage
considering protection measures is carried out based on
FLACS software, combined with personal and building
injury standards; besides, the optimization suggestions of
safety equipment are proposed. The study shows that
hydrogen leakage is mainly triggered by design faults and
operational errors. Besides, failure of protection
measures has a greater impact on fire or explosion events
caused by hydrogen leakage; the probabilities of hydrogen
safety accidents are all less than 3.3X10*/year, and jet fire
happens the most frequently. In addition, the results of
the accidents consequences show that, for the jet fire, the
max temperature is 2329.8C, and the maximum heat flux
density is 399.0kW/m’; for the flash fire accident, the
maximum damage radius is 7.7m, the highest temperature
is 3069.5 C; for the explosion accident, the maximum
damage radius is 5.5m, the maximum overpressure of 10
bar. These accidents will cause serious personal injury and
container structure damage. In addition, the safe distance
should be larger than 7.7m. Moreover, the safety of the
system can be effectively enhanced by improving the
sensitivity of the

hydrogen concentration sensor,

optimizing the layout position of the hydrogen

concentration sensor and enhancing the exhaust air

volume of the exhaust system.

Keywords: skid-mounted hydrogen compressor; fault

tree analysis; event tree analysis; quantitative of risk

consequence of hydrogen accidents

SURERARIE o5 g I e T AR A

AR XUE(1986—) Lo, Mg TR, T2l EMRTOTT 1A N SRERAR il S & 255 . E-mail: liumhb @126. com
SEEER 22 (1991—) 59 W m, Tt 25T 5 A E Rl HHR 5 5 R AP . E-mail: liwenbo@tongji. edu. cn



5 S1 X1

B, 45 5 BB R IR SR ML R L 2T 283

iz SO0, v LA o A A BRI, w5 T 21
A AR AE SRR SRS R AR
VR 20 A L P R T 1 RS B R R R ) R A
UG, AR RGN E L R A
HLFR G R G0 — M rU i ) & SRR AR
W HARRBERTA L PR AR CE A —
AZIRASRIN, Indeesn . Hoh , AR RS
RIBAE DO A5 S B S R 0K
o AUEHF RGN A UL eV — HZ B P AR T
2 FiUT=105 5 S

BTz i ool San i e e e P
RS PEH 5 2t A XUBS TP o e PR XU 1A 2
FLRAY L5 KU PR A5 H XU A 45
T RS P T 2URE AR e A R LR 5
5, AN T KU IR A AR A BT . S KR
TP AR IR AR RS oA S R ik
VEH 5 XU B 6, Horp, SR IR T ik E A G
W 5 AT ERVEVE ST (HAZOP) 45 )y R = 5
SRS HT (FMEA) 4 23803 B 5 vk E %A
A3 HT (ETA)Y (BB 23 A (FTA) 48 J5 i
AEPFH DU X6 AN [ S0 S, SR FH it A I A5 76
SR ML B EAT T, 0 T KR ALY Baker 152
TN SRR KA AEARL SR ] Johnson R0 26 T ()
Rl i £ 24 FLACS 5 PHAST 8 XU i 5
SR RN LA, FEAA D AN 514K
oy TOAE R A KU AL T A RB S A 4B K
o, B T IR A B TR ARk
PR e 5 A REAE R AL N

R 6 202 4 AU i A PP A K9 .
Yahao Shen 48X} =AM L At T il AT 105 K
BLALL 5 Ak A3 B, IE 430 T R4 00 3 A B
L R SRR T 2R A T4, I AR XS
T 7 A AR SO R S R A T i — 2D A
Shigeki Kikukawa %553 H7 1 70 MPa kL7 4 A0
A ST NG SRR R S R 5 R, 6 m
2 4R B AT LA 2 70 MPa il & s (442 42 55 5k
Paola Russo 5% JE&ME G K K 5, 5T HyRAM 43¢
BT I 1 2 Ak 25 B3R W] 700 bar Jin &k 5
350 bar Jill & 3k (4 4¢ 4 FE B 0 30 1. 4 %5 22 A
Jin-yuan Qian 251Xl &3 i & 2R o A A ke i
11T RS 1505 B 0T G5 R R IR & R 1]
AR AR 2= 1 300 2 58 6 o i 6 v S0 0RY SR R
7E*', Byoungjik Park #2150 & 3 hyRAM i) 5
AN BB RSE , HATIE i 22 A5 Tl 1 K

S L= = DI 1M NG e o =11 o A9 [ i P A
Ke Sun 55 JF & 1 b 17 4% gl i & il 1942 4 XU
Br , & SRR B A LI T rr) s B 3 I o, 8 TS e L
e HE Y, Xiangmin Pan 253 F HAZOP J7 ik #EH
SO R e IRER D R JE K s
YESE IO PR RS SO R, 45 R R, i SO
eSS NIV ¢ - ITTINDIES &= W53 N UL ik
B'®, Tomoya Suzuki Xf H A& ok % 4 E k47
T ARG S5 RERE Z N S Y 2R =07 MG
A AR A TE A B SR K
F8 KRS e, it 2 LA RR ] s ARG rhite— 2D ST
THT ZY RGN S A YA AL, AL T e IR
MBS THAF L, IR LA AU T hn I T
i 2 A KR = AP . Jo Nakayama 555347 1
FAAEE BUGH R R T RISl 2 v

R U2 AP0 BRI ot S OB 4
18 U R 3 S AT U SR A A 5 KU AR PR
XY 2 A0 T KRB IFR/ T as 8], it £LAz
B ZBE Ry b SR A I a] i = T 1] /NS ) A2
FRZS[R] 3755 b SR A Uit 22 v B AL 7
T

— BB N QRAEIR AT T 4B 4
it o i i 2 A SRS 520 . i Zhiyong X F
N 5 TN S AT T A R S AP, B
FEARIT, AL S A =y WU i) E 2R R
11170 26€ 1156 P LA S50 8 filk R 4 AL B = O AU, =
Byoungjik Park 54 HH 36k X 4 2 0 &b A B8R XU,
17 =5 3 S P4 2 5 AT AR e DX 1 A
Kiyotaka Tsunemi 5525 [ il &0l 2 G0 A A8 1 4 42 5
B, B8 e 0T g Jd L ) /A 1 i e %5 RE A
R AE T M 5 AR LR S R 3 L 25 TR AR
KN PR AR AN ARUBS: 5 4 2 XURS: , 2647 1
S 1 XU 12 A PE O, 45 SR 3 W 5 B T A 38 e
TN GH e AT NSRS KF . Hye-Ri Gye
SEXF T I A HEA T T XU B ARV, R B
5 IS L A T S R e i A LB R A XU L 3
B AR RGBT (SRR AT A R T
R iOE Sy d = N AL WU BT E A S el S
EX AT O NG SN A IR e 54 ViR
(N Sk B AL IR HE R G845 ) 0 S T s 1) 52
W] | 3X 2 SR S U R A B HER

AUV E MG RGP Z PR B 4L R 58l
XF G, i ik S5O A0 B 1 4 AL S0 s 2R Y 12 5
HES GRS R A AT R GG R I



284 6] 5% K 2 2 (A 4K BE 2 B

%52 %

I FAER TR R L PR AL TR
AE MR BT L T FLACS FF RS S IR K 58k
SR = AR AP . ARSCRBENAENT A —
T AT SR AR DUAR L 2o BT fe s 58 kAT
ARG 5 =3 T R AL R SR 5 AT
55 DUTR A3 T R I F A 1 SR AR UL U5 AR
OYHT 3 BB T T T FLACS (2 SR 4L A
A TR R =K RPN -

1 ZERSHRSAMESHIPHSE
FENBRREESTRIE

ARSI AR R G IR A b 2 4y
Br, BRI Hrad R A0 LB 6046 . (D BCAL A .
R 2 RS E] A SRR HL LRSS S5 s AT
FAF UL BUE SRR R AT T BRI (2) R
RIS oo 0V g T B U R it ) TN AR Rt o
FE BN 5 R 2R, S SR SRR PR A U
T DL EAS R (3)FER IR . 5 Tl By 73
Pr, U RGeS R kA (DFSR
GRS T SO AT B R Y 2%
PFT, RGEATRER A I SUR R 5 K AR, il
JE R AP AL AR TOUE R (5) A& gl
AT, BT X (2) T RAR AN [ A B - itk s 52
B 25 TSI A S A e L N TR] KRG [R] =
AR A, o AN ) 057 AN (5] R et [l £ IR
RS A T S5O SRR AP, FETTE T 005
BRIV L P A v 5 VAN, B X
G BT RERY 2 Bl P it

ARG ARG R |

[ e, cosamwi

RGO e —
: W b

| A F UG5 R | U ontoss |
| T RO AI S R | S L

l i 315 AR A

Pl R

Pt

L + 1 il
VoseadE b WK

1 1 —

P mE
/i

U
L/MREIE DL

E1l FERpMERENSHARERESERNELZSN
SR

Fig.1 Process for analyzing the safety of hydrogen
compressor skids considering the consequences

of accident risk for security warning measures
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Tab.8 Jet flame temperature and heat flow density
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Fig.7 Trends in medium-sized leaky jet fires in the discharge line of the primary compressor head
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Fig.8 Trends in medium-sized leaky jet fires in the discharge line of the secondary compressor head
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Tab.9 Maximum temperature and radius of injury in the box for flash fire incidents
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Fig.10 The damage of flash fire under medium-sized leakage of secondary compression cylinder head

F T Al 452 5 DX I8P S KAE B0 S SR R R
SO T R SR R B AR .
R R TR AT B R XL, HL B iy 1.5 kg/
so ML EAEHLRGLI 22 A B 1 SR, 72 S AL I
R A WO RS R TR R 2,
B R . R 10AHERAR ST I G , AR N
ZNEAT 1URIG e A DA K S ) A A P e el EE A
TR W LUE M Rl — S TR S/ N
MR OL T HERR e 4 s AT LUK AR A 19 AT A4
5 AT IR S T AR 30 22 4 ) R 2 5 1 o 2t D 19
DU HEXRGEAE TAEA s 5 , S fa s T-00 i 405 5 HE

B 7.7 mEEA 4. 2 m, BEHEUR SE R DIOR B R 1
(eI

Fe il — G s e in Sk 8 11 s )i, DI <
BLHERAR G R 84 s I, el 5 5 DX st R 13 2K
Mo AL NI 11 7R o Al AR Y, S HERUR
ARSI, JOE R TRE SEAIG, S ER /N, K
A TARRINIEY LN, 7E UK IR B9 0. 124 s 5 KO
T FHEZ W o T, HERUR G2 AT LR s TN 2k
G o
5.5 SMBREHRREUTN

MR SCHR [38], &0k 2 1k 21 A9 5 4F i [ o



292 6] 5% K 2 2 (A 4K BE 2 B

%52 %

£10 ZEEHNRFENRANEHETRELNS T
Tab.10 Quantitative analysis of the consequences

of flash fire accidents considering exhaust

systems
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Fig.11 The damage of the flash fire under medium-sized leakage of secondary compression cylinder head

with exhaust system
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Tab.11 Quantitative analysis of gas cloud explosion

accidents
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Fig.12 Compressor explosion accident

F12 EEHRRZENMREERERENSH
Tab.12 Quantitative analysis of the consequences

of explosion accidents considering exhaust

systems
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Fig.13 The evolution of combustion and explosion accidents considering exhaust air systems
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