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Numerical study on the location of air intake and
exhaust outlet for effective ventilation in case of
hydrogen gas leakage in hydrogen tank storeroom

Hwang, Dae Jung

Department of Marine Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Hydrogen energy is attracting attention as an eco-friendly energy that
can solve the problems caused by air pollution and depletion of fossil
energy. For this reason, research is underway to use hydrogen energy as
a power source in many fields. This study focuses on the application of
hydrogen energy to small ships. Hydrogen is the lightest element and can
produce a wide range of flammable gases with air or oxygen. And since
the ignition energy is very small, it can be easily ignited by a small
flame. In addition, small vessels are not fixed on land due to their
characteristics, and the stability of the vessels is more important because
severe operating conditions are formed by the weather conditions.
Therefore, considering the characteristics of hydrogen and the operating
conditions of a ship, applying hydrogen energy to a small ship requires

safety evaluation in many areas.



As a part of the evaluation of the stability of hydrogen in this study,
the hydrogen tank storage room was modeled according to the provisions
of the "Marine Fuel Cell System Guideline" provided by the Korean
Register of Shipping. A rectangular chamber of 0.85 m width, 1.4 m
height and 0.85 m height was simplified, and a high-pressure hydrogen
tank of 700 bar was formed at the center of the tank. Hydrogen leaking
points were designated in the front, Rear, top, bottom, and side of the
hydrogen tank, and 0.15m in width and 0.15m in height, respectively, so
that the position of the air supply mechanism and the exhaust port can
be set according to the intention of the researcher. Using ANSYS CFX
provided by ANSYS, computer analysis was carried out while changing
the ventilation capacity, exhaust port position, and position of the air

supply mechanism.

It was confirmed that the release of hydrogen was effective in
increasing the discharge capacity of the hydrogen as the ventilation
capacity increased and that the position of the exhaust port was located
at the upper side of the lower side of the storage chamber. It is also
found that the position of the air supply mechanism is located at the
lower side than the upper side, and the leakage hydrogen is efficiently
ventilated along with the flow of the incoming air when exhausted to the
exhaust port. During the operation, analysis was performed according to
the slope change of the rectangular tank storage room considering the
trimming of the small vessel. As the slope increases, it was confirmed

that the release of hydrogen was effective and stable.

KEY WORDS: CFD; Hydrogen leakage; Ventilation; Hydrogen tank; Air-supply

and Exhaust.
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Table 1 Tier 1 Regulation

) ) Total weighted cycle emission limit (g/kWh)
. Ship construction N L,
Tier n = engine’ s rated speed (rpm)
date on or after
n < 130 n = 130 - 1999 n = 2000
—0.2
I 1 January 2000 17.0 Sl 9.8
e.g.,720 rpm - 12.1
—0.23
i 1 January 2011 14.4 " i 7.7
e.g.,720 rpm - 9.7
9.n 02
m 1 January 2016 34 2.0
e.g.,720 rpm - 2.4

wg ko] AAeh Bjol gold 1 FaMel A= He 2 Fol sk oluiA]
&% Zrjolth HEAL
= Au}

2 SEEMP(Ship Energy Efficiency Management Plan)7} $1.0.H,
oA &g FAAGA=ZH 2013 dFE 400 GT(Gross Ton)w ©]/d2] Alrto|
Aolx AsAEY AEAS EFol1
HE B3l oA &84S TAA7I= Aotk Table 2

U 4 SEEMP2]
FaWee B VB 2o, FvI%e] E8S BUHYSD e Walohd
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Table 2 Main contents of SEEMP
No. Energy Efficiency Measure Remark
) ) . Engine  operational performance and
1 Engine tuning & monitoring » .
condition optimization.
. Hull operational fouling and damage
2 Hull condition )
avoidance.
Propeller “ operational fouling and damage
3 | Propeller condition p P g g
avoidance.
. Reducing the electrical load via machinery
4 Reduced auxiliary power )
operation and power management.
5 Speed reduction Operational slow steaming.
Trim and draft monitorin and
6 | Trim/draft -y g
optimization.
Reducing port times. waiting times, etc,
7 | Voyage execution and increasing the passage time, just in
time arrival
Use of weather routing services to avoid
8 Weather routing rough seas and head currents, to optimize
voyage efficiency.
9 Advanced hull coating Re-paint using advanced paints.
Propeller and after-body retrofit for
Propeller upgrade and aft o O
10 ) optimization.  Also, addition of flow
body flow devices ) ) ) .
improving devices (e.g, duct and fins)
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Table 3 Specification of hydrogen

No. Property Specification
1 Molecular weight 2.016

2 Boiling point -252.8C

3 Melting point -259.1C

4 Specific gravity 0.0695

5 Critical pressure 12.759atm
6 Critical temperature -259.9C

7 Liquid density 70.8kg/m

8 Gas density(20C, latm) 0.083764kg/ni
9 Thermal conductivity(20°C, latm) 1.897mW/cm - K
10 Heat of vaporization 445.59kJ/kg
11 Heat of vaporization(HHV) 141.86kJ/kg
12 Diffusion constant(in air) 0.634cri/s

-4 -
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Table 6 Regulations on ventilation systems

A3 7= 5 Add], Al wjA] B Al2=E A

110. T3 %A
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o5 Felo welA AT & & MINA A BELAE BFolol B

Table 7 Regulations on hydrogen gas detection

A3 2= B AH], A4 Alo] B A Qb A=H

404. 712> &H
- ZF F99 27 MaE vEA 7499 A7, HiA], 3] F 95 TR 2 FF
€ 3188ty AAF o oksit)

- EA BHle 7t2vt SAE g e AL HEe FF =T Sl fAst ok 3
=)
=

-
- 27 57 HA 2% WALEDS 20 %ol 2] Wel A - AR AR
Watelo} Wtk ABAAE AB B EFAL Y FF YEC tistels, LELY

k. F1E, A L WAL 3 F 5
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22. FAE3Y Y4

obd HRRl mlel o] H AFoXE dsdA Asagew Agstd gt
Faeol P4 Tedl s mdFe FHESHoh 20069, AFZHAAAEAE
& 2ks} ko]l AQF3IATHL Fg 79| (@& Iul71&= Ao
FILIN Composites(Y R EgFAA) oM Fibshs A8ZA Aeatd 19 FauTo|H
Table 8o ®BZ ARFS Yepdtflll 78]y (b= Table 8= HIEFS = ANSYS
Geometrice ©]-8-3l TH= 3D /ot

900mm

0.350 0.700 (m)
)

0175

(@) QEAA AFAANAISHAE T4 (b) B A7 AR HE 493 3D F4

Table 8 Specification of high-pressure hydrogen gas tank

Service Outer Water
Model Name Len, Weight Certificates
Pressure | Diameter gth € Volume
EC-79,
HT700-104F | 700 bar 539mm 900mm | 84kg 104L KGS

_13_

Collection @ kmou



23 FA¥Ia ARAY F¥

Fig 89 % 479 F28a7t A" 4483 Agade] F400 OE 1)
Saumrt MAY AR Gt B ATdAE £a8T 34 AR U F
ool WiHshn Rlxel FREe Ao Fg 89 (0 B4L ol&sked CFD
e Aed AN FANAG. 1 ol FaHI VIS AR A )
$Ea4 ATk 1h9] 54037} AY AT B4 28] AselT 2 A
Ao o)zol wat ) F& o) 448aE AT A wAGolE 8o A1
=2 71 8ol He I4L AMske Aol FPety DRy wElt. g
AR AR HEEe A9 9% wMue o) 015 me) AN meew
go] rolA Atk 1 ol BY1FS MZIFe) 914 2ANA Ut $554
slalAss ATEHd B gy 44 FozT A W0l fseEs
7] 914 oItk =, 2ol 015 me] ANZFE mare] Xt whel ke A9 2
o) 2717 A7} s,

o

o o

N

0.85m

(a) 43 A242 4 A3 47) (b) FAHaAEAA 33 1)

Fig. 8 #4483 74 3D 3%
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24. T4 FE Y

241 FYY AT
ARNUARA Fat AB77E 7] el FhduiAe 4888 9
A9 A7 QWA Y T Bl BEA Bopl wE F4oluix
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242, F4aH3Y 74 A "WE siFE

ATE 700 bare] WY SFaRARRE ForES THT FEEY AN
o] FEHE ol dejel sl AEsiok Btk FErae] Yol FEY
gt xS o5 AN web FavkaE AgsE ngHae) Agont
m%ﬂ%@ﬂrWHA%ﬂOi.M%wk%a-m%wi%@ﬂ%lf4%>1Mma

FEL 5 A DY F4HY AT %S SRS 45T 1%2A Table 99} 2]
1) ypeo FEAGIGI, 84 QA 4B Type-n o] T3 +4817)
REHT ol ofE e BaMRTF FARS AREY] BB 4D+
hRAo] FHHAT a7k T2 Yol FE Y FE Ytk 2% wEel
9z A QAAe BE ATE 03 QAYsn 9o YEAOET Ramirer, et al
(2015 Type-V %t A UFd  dAHFH= $HES CFDE  o]&£3)
AlE#oldsta AR BTl o]E FE| Ba uRe ¥ Wb
EAsH vhe] o] S & T Uth

olo

Table 9 Types of high-pressure hydrogen gas tank
Type-1 Type-1I Type-1Il
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Fig. 9 ®=9) ¥4 Ao @& FavE
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243 E23d FEHe= F4a7FE 24
Han, et al. (20142 FHg 103 72

dHgow HA FaUE ESATES
AFATH2L F4A BE FYel 05
M=ske] 2z 100 bar, 200 bar, 300 bar, 400 bar U¢Ho
A3t ATt. Fhe FEIYAdAE  =H I (Chocking flow) oz <13
LIz Lres F49 S&o] "HY adi #E5o] 5
number=Dell =& wo] ¥ YA d-olgtn doh F4Y F
(D3 2ol yutelar dA 482 2 29 Zo] YeEiith

Cy, = VERT D

o/ (k—1)
o @

P = Po(k+1

A7NM, Cp = T 5m/s), k= BN, /c,), RS 713/ kg K], T
Ade=(K), P& YAREP), P2 B W $H(Pa)S YEhITh S5
250 g 3oy, o] ARPAAE 42 15T E 7|2 T4 258 1300m/s =

A=A ARS B3l Fg 113 22 3ol &<l =AUt
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Hydrogen Tank

Camputer

Fig. 10 Han, et al. (2014)e] 14 +5 A3 ZAE

(a) Py=100 bar (b) P4=200 bar

(¢) Py=300 bar

Fig. 11 Han, et al. (2014)9] k4 5 A2
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o GFe A WA @I P PF Aol I B

Schefer(20079} =&olA= F& 999 ARH EEHe v49 495 =k
© Z(Densimetric Froude number)o] w& 2o g3F HEZ Fg 129} 2o

VPR 31 9] TH23124],
Zg-$-= $(Froude numben= FAl0] vx= #AAHY FHo I

o
A2 283 Aotk dE 50 =zt g7 1HG 3W Ao o
= 3t

Z=d 9 gHT Ite AL on dtHLl = F(Fr)E 2 Q)3 Zo
A ol gtk
Fr. = v 3
gL
A7IM, e FA HE0n/s), gv TEEEm/sD, LS AZ(m)S YeRAt
=84 sle] AAdiF(Natural convection)o] AefollA FAL A 49 QA 7He-
A SEI v el 912 do] gEle Fgo] 2 gtiNl S Jiee FAavks
7V F7l o2 g4 23 . RBEe] g3s W] wEe| == (Froude
numben)ol| 4 &0l sigets T WEAE AH&oF Aok 4 DS 79
Ttz Ax zolE 1HI === (Fr,,., Densimetric Froude
numben)E WeRH Zlolth
U,
F Tdens — Sk (4)
(pair—szj
g P,
Frd(ns ‘?- U]EJE}‘—?— —/':’ Uve.’l;itl‘:;- %% -Q—E(m/s), Dl\:_; 'E'_% 27 (m) palrl\:_; &
719 W %(kg/m®), pHZ*‘E T4 US(kg/m®)E ERATH
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Mach No. =1.0
105 p Mach No. = 0.5
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LA E 7= 95 gus] 2 F4S A ddHoz oy wl B
AFolAe, FAavIdA Fg 99 9 22 ddo] dAATa 7Hg3ta of
=5 FarE: 20E 2dYo ALtk ook By o] Schefer, et
al. (2007 Fig 137 22 A9 AAE Tl obgd JHY 4 FF &3t
of AFsta CFD 7IH& o] &3ted AlEH oA ARl A AFAxE vust
o] CFD 71¥e] A=4d& graqTt

Laser sheet

CCD camera

Beam dump

Fg. 13 Schefer, et al. 20079 4 & A3 naA=
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Simulation of H, Leak Simulation of H, Leak
Fryen = 1000 Frgen =10
D= 5mm, 883.5 slm (31.2 scfm) D= 5mm, 8.835 slm (0.312 scfm)

400
Fry.,= 1000.0 6= 0° 100 Fr 10 e | g
200 H,_Mole_Frac g
N 015
0.14
0.13
0.12
011
200 0.10 50
0.09
Q 0.08 5
N 0.07
0.06
100 0.05
0.04
0.03 0
(e > =
006mf 005mf 004mf 0.03mf.
100 50
0 100 200 300 400 500 0 50 100 150
X/D X/D

Hg. 14+ 2= 2}$-= Z(Densimetric Froude number)®s}ol| w& 4 &
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Fig. 1204 22l 7b58bol pry,, 268 SHAom Reo 9Fe 2AL &
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25. FXFHA

2 AFodAe o HAdA frEsldel -3 d%s Hol= ANSYSARY CEX

V17D ARgste] AREIAe FHSET. A A Yo dRe dFEe

137 el Standard k—e model® SST modelS AFEEATh =3 HH 2]l A

TR ALUTE =o|7] 3l F3vl(aspect ratio)’} vl E A =z
e

AAE ALY,
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251 AugAy

CFD 48329 ANSYSAM] CEFX (v17.D91ME A9 382 go= 712z

PN ABRE SEF oA WAL A4 4 6G), A 6), A (DI o
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8_p _
Ltv (v =0 ©)
8(8th) 4y (pU® U) = —Vp+vV T S’\[ (6)
0(phio
((%f ) _ Z_i)jL (pUhyy)=v - Qv D)+ v - (U 0+ U Sy+S; (D
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r=pv U+ O)'— Z6v . U (1D

r=uly U+ O)7) 12)
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oA7IH - %5 v. U & 2529 7Pd(Stokes’ s hypothesis)ol] <3k ZHozH

ol AL FAAEA tels dofstaon HolHi qheo] s FUSA ek wEol

s

o] €< 2/ 7] flEAM whEolxl JHdeith ddstellA oUAEE WA mel

frAle] Aol oJa] FutEE AR WEto] Utk o] HAd oA d& & F Ae
ANUAZ} 4tE]o] A3 WRAUAZ H3lE = 21& A4 (Viscous dissipation) o2k
2

@k o) Aol WA WEClFI) FAN A+—u=0 £ eI 4 Dol

Ughryees)
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TVt FEHE 949 fFE S AL BAEE] HsiMe dE8S
aEste] fEdlde] e AT, B AFdAE T4 FEFo doue 99
AT BAxACRE BAHsIA A 5 o]l BasA &gtk 1y i
Zog  AAWAY  dIRE A4S AsA B AFoAME
Medium-turbulence (Intensity 5%)2 44 F& AAWANA IHFAE=E HAH3}
o MY CEFXolAE 4 (1349 Zo] dHZ =1 (ntensity)S A3
}.

I= %* (13)

A7NA e GREE, Uc BEFE5S gt dA g GF
292 Standard k—e model B22-& A&t A (1403 Zo] FaolAe 4
AREE Yrstes FEHAES UEE 5+ Ak
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AL FREF go] AR A (157 o] Yerd 5 9

du
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ox

vy
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T
40
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T2 0.098 AH&3H. 9 AddA dRFAAA kSt dF &NE e
< 2 (167 2 A2 vehd = Stk

alpk) o 8 He | 8k
ot +6—7( j )_B—x,K +?Z>6—7]+Pk e e
) ) ) Hy \ &
ZS)JFB (Ue) = ——I(u _Ut )—6;]-I——Z(CLIP,C—CLQpe-i—CLlPSb) an
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253 BE 54 ¥R
O BN 54 dEZel tid SEURAe A (192 usich 24 AF
el o] Fbe AN AsA BAF S P A (93 2ol vehaic,
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_ e
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8(pXH2) Hy
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2.4.3 #oll A 8r3l uie} o] B oA = Schefer, et al. (2007)o] <3l
FdH ol5E HHO FAFE AT S APt g FEdH AAxA
o=z AHEstux o wEbA Fg 139 22 Ad AXE ANSYSARE
Geometric program-< ©]§3led FY3tA 3D A4S HEY FAERI A
Ry e ALz or =53 AlEdold A9k Schefer, et al. (2007)
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TVt FE AN, BF F4E AAste FAded 23: zZdges
(Densimetric Froude number)+= A ojell we} 42(20C), 714 Latm)ste] &71
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27. 4R3I ARA 2d39 AA=zA

Fh rES 2] 98 Fg 179 Zo] B Edel £ 579] U FEIAE
WESHs FarE goe AT Bae 3R, &%, % F 13 Fdelth
TarE AAZRAE 268004 FavE] CFD 7¥e APYLe AT z2dL
TUsAl Agsidh. F7179 w717 AAe Fg 183 o] Fawa Ao
ojele] 7}k2 0.15m, A& 0.15me] HAZE 2ke] FIE uro] AFAe
ojxo wel WAl JHsIEE Stk SFAAC B FAo wt w4
TEe EARI S wplF @9ele £ 2As Fo AFAE WY fATL
HESHES ot g7 oY 2HoE Aiol dd A 2 axE FUth
T 8FE A QDI o] WMzt saHA AL AR 303 F7] ngol
Vet &S AlltelY &5 20-& AASATH

Quent = 30V, o/ H [m?/hr] 1)

il

A7NM, Qe © T2EH, V. E FAHI AR AZF1.0115m%), HE A
Uehie Faua A4de] AFe a8 H4 5FEF2 30.345m°/hr o]tk wl7]
To] Aol k2 0.15m, A= 0.15m 94-& 1HIH 7| oA = 2
(223} #2o] YJepd 4= QUth 1348.6[m/hr] #<S [m/s]| 2 FAHSHA 0.38[m/s| 7 @
=3

-

Quent [m*/hr] - 30.345 [m?/ ]
ent B . }
Apuiter lm?] 0.0205 [m2] 12480 m/hr] (22

v

outlet velocity

[m/hr] =

Table 10& CFDS] Alktzds Uehis Alxke AZE $47) 7EEs AFFEHR
ARSI AR Yo JESE FETLY BRSO YAAE WE AR AT

st ALke FEREATH
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Table 10 Calculation conditions of CFD modeling

Boundary conditions

Air intake Relative pressure (0 Pa)
Hydrogen leak point Velocity inlet (134 m/s)
Vent Velocity outlet (0.76 m/s)

Wall No slip condition

Computational conditions

Fluid Air at STP, H, at STP
Turbulence model Standard k—e¢ model
Simulation type Transient analysis
Heat transfer Isothermal (25°C)

Advection scheme High resolution

Bottom

Fig. 17 99)9] ks #9514
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Fg. 18 w.H7]7 1A 24
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28. AR & AE

A FAS [ Ayl feiA AR Aol Basith Az FAES Sl
ANSYS Meshing Z=ZTI3-& o] &3tk B AFo|A= Tetrahedral Typed} Prism
ARE ARGt BHIZH ] g AAE A AxY A= AS5S s
AZ o)ELE H2EE Fddth Fg 183 22 Fwil++ fXx=d= w7+
FYols HaTFTEF 24 0.76[m/s] o &S HEINTh Fg 19
Ta7FE FE A A AR Uil 4% E 7IRY HiEEEE AAl
w2 ekl Aolot. 1 At 370,0007H8] ARk o) dellA £E9 o7t AA fle
Ao ® Yeyth s g BE 244 370000715 71EoE ALRS Fdskth
Fig. 20 o723 F2ddol A meshE HeRA Zio]th
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Fg. 20 CFD Modeling®] mesh ©+H

_35_

Collection @ kmou



3. 34 2

31 FT&F oE A

A B wpeh ol $a8E Al g FsF W4 FEINE BASY]
A SEE ol gste] 71T Yolol AAZAL HASAT. 0.38[m/s] = 1417k
Sauz AR Ade] 08 g7 wse] sMsd zAolth Table 11 wWi7lT
of We FFLAL Ueh Aolth o Aol W] Front $IXolA
Faks Eol WAYS W, AU FATFe w/Fe 9XE Fg 185 2ol

ABANTAL HA] FFEFY] STk mE AAE BT

YoM <

k

Table 11 Ventilation capacity according to outlet velocity

Outlet velocity Ventilation capacity
0.38 [m/s] Quent =30 Vypo/ H [/ hr]
0.76 [m/s] 2Quuns = 60V, 0/ H [/ hr]
1.14[m/s] 3Q. =90V, /H [m’/hr]

208 FEEFS TAHUA AL Aol mE FagI AFA hRe

RESE rESAY WE 2RSS UE Aotk 7] A& A4 el 447}
Q= Aol AAEHC] $EF FA Fao BREL 0 RE Z7jeA . Aol
7§ al

2~

T

Fa BEES 017019 82 0.76[m/s]S Afol Fi& E2EEEES 0124
TFREFE AL BFAM 2 IUEAE W oF 5% THEF AESE
TEFA7L Base AL 4 Atk B 114[m/s] 9] AoleE AR U
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Table 12 Hydrogen molar fraction(Vent-1~10) according to leakage and

ventilation position

Vent Hydrogen gas leakage point Standard
position | Top | Bottom | Front Rear Side A deviation
Vent-1 0.1022 | 0.0096 | 0.1088 | 0.0961 | 0.1015 0.0836 0.0416
Vent-2 | 0.0914 | 0.0165 | 0.0371 | 0.0024 | 0.0379 0.0371 0.0338
Vent-3 | 0.0119 | 0.0168 | 0.0114 | 0.0085 | 0.0129 0.0123 0.0030
Vent-4 | 0.0097 | 0.0189 | 0.0092 | 0.0102 | 0.0109 0.0118 0.0040
Vent-5 | 0.0001 | 0.0189 | 0.0072 | 0.0109 | 0.0075 0.0089 0.0068
Vent-6 | 0.0062 | 0.0186 | 0.0048 | 0.0104 | 0.0083 0.0097 0.0054
Vent-7 | 0.0084 | 0.0188 | 0.0022 | 0.0112 | 0.0095 0.0100 0.0060
Vent-8 | 0.0622 | 0.0193 | 0.0002 | 0.0233 | 0.0276 0.0265 0.0225
Vent-9 | 0.0051 | 0.0186 | 0.0067 | 0.0098 | 0.0075 0.0095 0.0053
Vent-10 | 0.0106 | 0.0214 | 0.0105 | 0.0109 0.0134 | 0.0053
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Table 13 Average velocity(Vent-2, 3, 7, 8) according to leakage and
ventilation position

Vent Hydrogen gas leakage point Average
position Top Bottom | Front Rear Side [m/s]
Vent-2 0.1002 0.1217 0.1144 0.1001 0.1039 0.108
Vent-3 0.1106 0.1282 0.1306 0.1154 0.1215 0.121
Vent-7 0.1232 0.1485 0.1301 0.1329 0.1275 0.132
Vent-8 0.1067 0.1454 0.1354 0.1189 0.1068 0.123
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Table 14 Hydrogen molar fraction(Vent-3, 7) according to leakage
and ventilation position

Hydrogen gas leakage point
Vent position Average
Bottom Top
Vent-3 0.00215 0.00242 0.00228
Vent-7 0.00275 0.00302 0.00288
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Table 15 Hydrogen molar fraction(Vent-4, 5, 6) according to leakage and
ventilation position except for top direction leakage of tank

Vent Hydrogen gas leakage point Standard
. Average .
position Top Bottom | Front Rear Side deviation
Vent-4 0.0189 | 0.0092 | 0.0102 | 0.0109 0.0123 0.0045
Vent-5 0.0189 | 0.0072 | 0.0109 | 0.0075 0.0111 0.0054
Vent-6 0.0186 | 0.0048 | 0.0104 | 0.0083 0.0105 0.0059
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Table 16 Hydrogen molar fraction(Vent-3, 7, 10) according to leakage and
ventilation position expect for top direction leakage

Vent Hydrogen gas leakage point Molar Standard
position Top Bottom Front Rear Fraction deviation
Vent-3 0.0119 | 0.0168 | 0.0114 | 0.0085 0.0122 0.0034
Vent-10 | 0.0106 | 0.0214 | 0.0105 | 0.0109 0.0134 0.0054
Vent-7 | 0.0084 | 0.0188 | 0.0022 | 0.0115 0.0102 0.0069
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Table 17 Hydrogen molar fraction(Intake-1, 2, 3) according to leakage and
ventilation position
Intake Hydrogen gas leakage point Standard
. Average .
position | Top | Bottom | Front Rear Side deviation

Intake-1 | 0.0051 | 0.0186 | 0.0067 | 0.0098 | 0.0075 0.0095 0.0053

Intake-2 | 0.0048 | 0.0192 | 0.0085 | 0.0092 | 0.0078 0.0099 0.0055

Intake-3 | 0.0091 | 0.0237 | 0.0254 | 0.0114 | 0.0153 0.0170 0.0073
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Table 18 Hydrogen molar fraction(Intake-1, 4, 5) according to leakage and
ventilation position

Intake Hydrogen gas leakage point Standard
e Average L.
position Top Bottom | Front Rear Side deviation

Intake-1 | 0.0051 | 0.0186 | 0.0067 | 0.0098 | 0.0075 0.0095 0.0053

Intake-4 | 0.0045 | 0.0177 | 0.0062 | 0.0079 | 0.0058 0.0084 0.0053

Intake-5 | 0.0043 | 0.0169 | 0.0059 | 0.0076 | 0.0055 0.0080 0.0051

0.04 ' : ' ' * - . 0.03
4 Standard Deviation
g . Ave. Hydrogen molar fraction | 7 0.024
e 003 1 =
% g
r 10,018 £
: i
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g 0012 5
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: z
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= 1 0.006
¢ 0
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Air intake port
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Table 19 Average velocity(Intake-1~5) according to leakage point and

ventilation position

Vent Hydrogen gas leakage point Average
position Top | Bottom | Front Rear Side [m/s]
Intake-1 0.121 0.135 0.138 0.133 0.127 0.131
Intake-2 0.085 0.139 0.076 0.104 0.095 0.099
Intake-3 0.078 0.159 0.125 0.114 0.094 0.114
Intake-4 0.081 0.101 0.091 0.090 0.081 0.088
Intake-5 0.055 0.085 0.061 0.074 0.061 0.067

0.2 —
——a—— Mean Velocity [nvs]
— 0167
__‘_U_“:
£
Z 012}
]
=
]
[l
g 0.08
é
=
0.04 |
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Table 20 Hydrogen molar fraction(Intake-1, 6) according to leakage and
ventilation position

Intake Hydrogen gas leakage point Standard
.. Average .
position | Top | Bottom | Front Rear Side deviation

Intake-1 | 0.0051 | 0.0186 | 0.0067 | 0.0098 | 0.0075 0.0095 0.0053
Intake-6 | 0.0051 | 0.0208 | 0.0087 | 0.0089 | 0.0078 0.0103 0.0061
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Table 21 Hydrogen molar fraction(Gradient-0°~5°) according to leakage and
ventilation position

Vent Hydrogen gas leakage point Standard
. Average L.
position Top | Bottom | Front Rear Side deviation
Gradient 0° 0.0189 | 0.0092 | 0.0107 | 0.0109 | 0.0118 0.0040
Gradient 1° 0.0188 | 0.0073 | 0.0106 | 0.0065 | 0.0108 0.0057
Gradient 3° 0.0187 | 0.0072 | 0.0102 | 0.0068 | 0.0107 0.0055
Gradient 5° 0.0186 | 0.0071 | 0.0098 | 0.0067 | 0.0105 0.0055
0.03 ‘ ' - - 0.03
o 4~ Standard Deviation
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