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Abstract

A policy to expand the hydrogen economy has been established in Korea and the
supply of FCEV is being expanded to realize a hydrogen society. Therefore, the supply
of FCEV is expected to increase rapidly, and a solution to respond to accidents of
FCEV is required. In this study, an experimental study was conducted to analyze the
effect of the hydrogen jet flame generated by a FCEV on the inner wall of the tunnel
and the characteristics of the internal radiant heat. For the experiment, the initial
pressure of hydrogen tank was set to 700 bar, and the injection nozzle diameter was set
to 1.8 mm in order to make the same as the conditions generated in the FCEV. In
addition, a tunnel fire resistance test specimen having the same strength as the com-
pressive strength of concrete applied to general tunnels of 40 MPa was manufactured
and used in the experiment. The results were analyzed for the separation distance (2 m
and 4 m) between the hydrogen release nozzle and the tunnel fire resistance test
concrete. As the result, the maximum internal temperature of the test concrete was
measured to 1,349.9°C (2 m separation distance), and the radiant heat around the jet
flame was up to 39.16 kW/m®.

Keywords: Tunnel, Fuel cell electric vehicle (FCEV), Hydrogen jet fire, Tunnel
structure
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Table 1. Test conditions for hydrogen jet release

Case | Initial tank pressure (bar) | Diameter of nozzle (mm) | Distance between the nozzle and test concrete (m)
1 700 1.8 2
2 700 1.8 4
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Fig. 1. Experimental set up for each case

Journal of Korean Tunnelling and Underground Space Association 537



Jinouk Park - Yongho Yoo - Whiseong Kim

ol-g5to] Hlo|elE Z7gst3irh

AESI F910] BAIE AFS K] J3ll E-5A= Fig. 13 o] & 83Lof A5l o0, B35 D57
Sego] AR Ql8l] o] A A7 EEFR= 2} Case @] 27100 BHA| 91X Al F5HSITt. Case 12] B, leE F4
AAE gt SAA) 02 HE] 2] 02 2 m o] A% 2ol CHIZ XA & I AHE 702 4+, 2
FOo R 1 miH4 3 33Y(H, 382 238) 2] = HiRISFATE. Case 2+= Case 17 22 7|5 L 1HH 02 245
(e, 282 39Y) Fei 2 viA]5tA. 00, T 71| Case BF 2] 5018 AHO ZRE 1.2 m (BAL & Fo|9}
FY = sttt vlold S42 GARS] LY Hlo[H=AE ARSIl oH, 2 5719] HlolEE 715513t

Ao AR Y YA @ A= T2 Ed W3t 2|3 (Ministry of Land, Infrastructure and Transport, 2021);
of| A ATAA| A2 715-& -8-510] ARtetgiet. ohgt, 2 ARlofl A= WiahdA] 2-80] 57 ok Ayt 5l
ZAHE WA 0] G A5 ] ol AldAlel HekA=(EE, WakA 72, ZHAWet -5 eks )= okA] &
Atk Fig. 2014 Urehd Bief o] AJlA|e] 31 -EH 212 1,800 mm x 1,800 mmO[™, F7= 250 mmo]tt.
AESGS P B WA S -2k S-S 918 = Fig. 22F 2] @A) SH 025 4=/
F2] WRE0 2 400 mm7HA 0 & F 97 2ol F 15707 vl glo] EQick wie) Hol H= By, 7tguHo g
B 25+ 2 mm 922, 4, 6, 8)°] 471, 50 + 2 mm 2] 91X|(1, 3, 7, 9)°ll 470, H= LA 75+ 2 mm 922, 4, 5, 6, 8)
ol 57H, 100 + 2 mm 2] 91213, 7)ll 27112] 7 FEiA| = At Hlo]e] 5782 YA MR H Hlo[E =5 AR
stglom, 3 1719 HlolHE 7155kt

1,800 TCI1-1 : location 1, depth 50mm

500 400 _400 500

TC2-1 : location 2, depth 25mm
TC2-2 : location 2, depth 75mm

2 == =
g c ¢ 8 TC3-1 : location 3, depth 50mm
5 ' @ | @ J‘o' T T v . ’
§ E g : o s o - ?_3. TC3-2 : location 3, depth 100mm
e Y | TE e e 4 8 7 . . {o0ssmm
: I‘D] s | i e P o TC4-1 : location 4, depth 25mm
ot T : . : TC4-2 : location 4, depth 75mm

g

AL_st_S@ZOOﬂ.EGﬁ ‘L%m TC5-1 : location 5, depth 75mm

1,800
TC6-1 : location 6, depth 25mm

TC6-2 : location 6, depth 75mm

TC7-1 : location 7, depth 50mm
TC7-2 : location 7, depth 100mm

TC8-1 : location 8, depth 25mm
TC8-2 : location 8, depth 75mm

TC9-1 : location 9, depth 50mm

-

(a) Floor plan (b) Cross section

Fig. 2. Test concrete for fire resistance on tunnel
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Table 2. Compressive strength of test concrete

Design compressive Compressive strength
strength (MPa) (MPa)
Sample 1 Sample 2 Sample 3

39.5 37.5 39.1

40 Average : 38.7

AGA AT A= S} 0] GARS Ut 7t} QST IERS 12 0] S AREO R OF 15 m A7)
o G515 Rgolsich. 48 Aol Sl S A B ol el G502 #0) of

(c) Nozzle(D=1.8mm) & |gnmon device (d) Heat flux metér.& measurement cqﬁipmcnt

Fig. 3. Imaging and radiant heat measuring equipment for hydrogen jet flame
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Fig. 4. Flow rate and tank pressure for hydrogen jet release
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Fig. 5. Jet flame shape for each case and test concrete surface after experiment
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Fig. 6. Changes in the internal temperature of the test concrete due to jet flame (Case 1)
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Fig. 7. Changes in the internal temperature of the test concrete due to jet flame (Case 2)
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Fig. 8. Changes in strength of concrete and steel due to high temperature (ACl 216, 1998)
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Fig. 10. Comparison of radiant heat around jet flame (Case 2)
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Table 3. Effects of radiant heat flux on people (Kang and Lee, 2017)

Radiant heat flux intensity (kW/m?) Effects on people
1.5~1.6 No harm; safe for the general public and for the stationery personnel
2.5 Intensity tolerable for 5 min; severe pain above this exposure time
3~4 Intensity tolerable for non-frequent emergency situations for 30 min
5 Pain for 20 s exposure, first degree burn.
Intensity tolerable for those performing emergency operations
6 Intensity tolerable for escaping emergency personnel
9.5 Second degree burn after 20 seconds
12.5~15 First degree burn after 10 seconds, 1% fatality in 1 min
25 Significant injury in 10 s, 100% fatality in 1 min
35~37.5 1% fatality in 10 s
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Fig. 11. Comparison of radiant heat around jet flame
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