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Fig. 3. PAR installed in nuclear power plant.
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Table 1. Comparison of nuclear and diesel submarines

Diesel submarine

Nuclear submarine

Fuel Accumulator Nuclear power
Engine size Hull 50% Hull 30%
Speed 11~12 km 37~47 km
Max ine 3 weeks 6 months
duration
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Fig. 5. Cross section of submarine(class 214).
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Photo 1. The picture of natural convection tester.
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Fig. 6. Schematic diagram of experimental apparatus for natural

convection tester.
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Table 2. Specifications of equipments for natural convection tester

. Equipment Manu- Purpose of
No |Equipment name .
specifications | facturer use
d Catalyst
1 Thermocouple -200~1370 C | B&C Tech
temperature
Pressure Pressure
2 0~5 bar(g) Sensys
transducer measurement
Hydrogen
3 Hydrogen analyzer| 0.0~10 vol.% FU]JI concentration
measurement
H. Y.
4 Data recorder 12 Ch Data record
nux
Flexible pressure Pressure
5 -0.1~1 MPa KINS
gauge measurement
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Hot air

Fig. 7. Indirect heat source tester through hot air.
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Fig. 8. Indirect heat source tester filled with pellets of activated

carbon.
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Fig. 9. Indirect heat source tester filled with CHF.
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Table 3. Specifications of equipments for indirect heat source tester

Equipment | Equipment Manu- | Purpose of
Name specifications| facturer use

B&C Temperature

Tech measurement

1 |Thermocouple| -200~1370 C

Hanyoung | T t
2 Instrument | 0~2300 C young | Temperature

nux measurement

3 Heat Fan 100~500 C Bosch | Heat source

,33,
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Fig. 10. Direct heat source tester.
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Table 4. Pressure loss value according to numbers of cell of cataly—

st for honeycomb structure and flow rate

Unit © mmH>O
(Ng}yr}r(lin) 20 cells 35 cells 50 cells 100 cells
0 _ 1 _ _
1 ¥ | A _
2 4 | % _
3 _ | _ _
4 - 3 - 20
5 & 3 7 25
6 ~ T . 30
7 11 13 19 35
8 12 14 22 40
9 14 16 24 45
10 15 20 27 50
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Fig. 13. The relationship between time and hydrogen concentration

without catalyst.
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with 35 cells of catalyst for honeycomb structure.

,50,



Fig. 15 Fig. 149} 43 =10 kel oA 204 3F =k

AT 2% A s

rlr
P
o
N
N
2
_0|L

o]
0 cells®] stHx FmE AAdF dIEA ol Ak An

off = F4&7F AY AAHA Kstal S o n] g},
Fig. 11941 100 cells stHF Zu {b-&3 vlazt = 4 A7 Fig.
119] Age 54 T4 F5(% 4%)ANAFH 1% olst7tA] 25 Al

Astd afHE A1E 3

rg

st Aol Fig. 149 Fig. 159 A&

o gRoN AEHoE Fa

o
et

(F 206) A5 U Sk 2

i
X

FHo] AW WP Fi BEE W oY 2@kA Ra H=AE &
21549

,51,



25 1

L = = 100cell Catalyst
o)
S
g
' [ .
E il
= 15 7 /,/
g '
(=]
O /
= 1
=¥
& ®
el /
= 05 ///
0 _‘4/ 1 Il 1 1 1 1 1 1 1 1 1 1l 1 1 1 1 il
0 5 10 15 20
Time(hr)

Fig. 15. The relationship between time and hydrogen concentration

with 100 cells of catalyst for honeycomb structure.

,52,



4

Fig. 162 4 & AA8H#] ¥ 4%

I} 35 cellsd] &vj& €2

=2 o AN

S u, 2832 100 cellse] &=wE €3S

2AE e 2ys el 747}

-1

o] cell 20A17HollA 4 w25 54 stder, S7E gls 45 20

5%, 35 cells®] == 1.11%, 100 cells®] v 7
STt

T

9= 2.00%= YE
o] 714 100 cells?} 35 cells®] &wjE B ulshH 35 cellsoll AW 24
A Hbgo] A=Y o= AAdUF 5444 =S 100 cells®= 5

o] A= AKRT, H2 3H cellsZ9 Feo] Hrf & P47 o
=

,53,



25 71 :
| e Without Catalyst

| = :35cell Catalyst
= = 100cell Catalyst

_—
$ 4
el
=
(=]
=
Fg L
= 1
= 1.5
g L
= e
-~
5 __J" A ke e, s
g 14 ,-"‘
=] .
2 h
~ ey
= -
= 05 -
P
"
0 i i i i I i i i i I i i i i I i i i i I
0 5 10 15 20
Time(hr)

Fig. 16. The relationship between time and hydrogen concentration
with 35 cells, 100 cells of catalyst and without catalyst for

honeycomb structure.

,54,



o148 A3

he
Nd

AF ¥

Aol BE A%

1

il

+

N

T

oA

4-1-2-1.

sto] &t

5

|
J|J

o]

T
pul

got wr,

o] A

ol
T

o
=

5 A

=]
-7

3ol wiH e =

T
T

i

o

e A

=
=

s %

ol ZAAE 35 cells

o
=

K

3ol

i

~H

}-

19 Z7]eF FR 1 I

,55,



7}

T

9

Blank® 3%7]

S
T

w7 = =24

=
=

P o, 200"l 4

S

b

)

A AL 35 cells

o

s

5ol

g]

A A el

,56,



25 7

| e Blank
I ====Hydrogen Removal Catalyst
_—
&
M
=
=
b ]
'ﬂ L
-
= 1.5 +
L= L
=
=
=
U o e ) Sy g, 50
En 1 - . ppa g
E -
s
= 05
0 i i i i i i i i i I i i i i I i i i i I i i i i I
0 S0 100 150 200 250

Fig. 17. The relationship between time according to 200 minutes
and hydrogen concentration with 35 cells of catalyst and

without catalyst for honeycomb structure.

,57,



2
w7}

HE}

B 2] 25

T

-

ol A

o
T

o

73

[13
=

3

A

o]
=7} 2909l

Al E o

[e)
95A] Z1oll

ok

47 A

&fod,

4-1-2-2. FAZ S22 BPFo] o

=5 N
==

3

7 2909

Ho
<

o

=
file)

Blank d9 23§ 954 7ke] 43}

o] =
BA

R

-

0

)
i

,58,



gnl

49

HHgoll M=

she

QGHA A

A7IM Fa7b AAZE

o] FA27F 0.7% A Eof A

A4~ 75%)9]

=13
=

i

,59,



AT ik

I ====Hydrogen Removal Catalyst

[~ ]
|

N\

[y

Hydrogen Concentration(%o)

=
tn

.--._.-'_.__-_hJ-l-l-—ﬁl
R
|
I
]

Fig. 18. The relationship between time according to 95 hours and
hydrogen concentration with 35 cells of catalyst and wit—

hout catalyst for honeycomb structure.

,60,



H

4
+

2%

4

o149

fe

e

4-1-3. A

of 2

=

Fig. 4] wWAYS

T

T

gl

=
=

A A
wf ol A FAaA A HEgo] AlZEWH 424 1 mole] A& 0.5 mol¥}t HE

PN
T

=
=

N
Ho
Eau
Nk

mm
<]

S
T

alol
s

IR

3

g]

o= AL

3]

FHjolr, o= A wEd Ttae

AA7

==

Tor

%
~

o

skttt

5

=] O
= AEES AHA

-

T A7 =

1.0%¢] =4

iui]
=

A

¢

o] F&7F 0.6%, 0.7%, 0.9%

Fig. 199} %t}

Y=

pu

,61,



a4

A

=
=

500 4-E] whgol AZRE|o] 05%7HA Sk

ok
ol

3

A}
<,

o] FHE] FAh7t AAET] A

=

°F 500

0.9% oAM=

o

.

HAL A A

S

3}
=

&l

0.5%7HA FaE

FAFE

o

FaE A7

T
T

0% 719 ddL 200%7H4]

007} A AAFEH 6002714

T
T

gl

=
=

Aol wehA

o] = 0.25%7HA &

,62,



— 0.6 vol%
vvvvvvvv 0.7 vol%
- - = -0.9 vol%
= L
S — - 1.0vol%
= 2
=
= ] i
EoL_ o
g 1
RV R
=
S Chak. Yl |
= e .
E-n (]R \_ \'l """""""""""""" Vessrshianag
Tt o< 3 ‘1_(._
a L \" - - = - L
= i \
I " T — L
05— t —r—— gt g —
0 500 1000 1500 2000 2500
Time(Sec)

Fig. 19. The relationship between hydrogen concentration and time
according to hydrogen concentration at 0.6 vol%, 0.7 vol%,

0.9 vol%, 1.0 vol%.

,63,



5o 3

1
Al

o} Fa AAF ¥

2 AAZII A

A<

4-1-4. }&
T

4

o
—_

oke} Fa7F AAH

]_

S

=

P R CIER]

o] 74

=

=

3oL 9BAI A 0.7%

e, g

3

bol 44

)

14% A= 714

=

ol

T
T

IH
Ho

4
+

% 1] o}

A A 7]

4
i+

ojo

»AO

}

it

- H

Fig. 209l

1400

ok
=),

aheiot,

)

=7 A

el

R

-
ol
o
o

A FaE=Tt

°F 200

=

el 3,
,64,

=
=

2 AA

2=
g

}

A
a

&) CollA A



7ttt el

=
S

v

ki3

AN A

=

0
o

&

,65,



2.5

Commercial Catalyst
= = Hydrogen Removal Catalyst

1.5 1

e Ty o \nir

"

Hydrogen Concentration(%o)

[y
]
i T | R T B B R R e

Fig. 20. The relationship between hydrogen concentration and time
with commercial catalyst and structure of honeycomb for

hydrogen removal catalyst.

,66,



rfo
o
1>L
ofv
o
f

AL, oAl ok 1550 HEHE 60 CTolA 120 T7HA 54
3 27t AesEHe As st T/C-32 oF 70074 30 CT=
Akt 2% HA5S Holgrk ¢ 1100274 45 T2 A5stgdL ol %
Hi 50 T7HA ¢hvbstAl = %7F AssE s 2As Yo, T/C-4=
Hal oF 45 T7HA] &wbek 2% A58 vepgi e, T/C-5= ¢F 700

Z7HA = T/C-33% Hldt 2% 453 dWehlurt oF 750x27b4¢ =

,67,



2717

=2 1800

=

273

S
T

<)
«

A& gugdo. T/C-7

o

wul
5

l

gzdo

file)

a

A 2%=7F

S

o 90 ¢ & &yt

,68,



200 +
| —8#—TC1 —=—T1 ——TC3 ——TiC4 =——T/CJ = = TiC-6 ==+ TICT

150 +

Temperature (°C)

Time(Sec)

Fig. 21. The relationship between temperature and time with pellets

of activated carbon.

,69,



Fig. 22+ A1 100 mm x 100 mm x 100 mm¢ Z 7] ZA cell& 2
00 cells®] CHF A5& T3 AFAAE &l CHF &4dete =2:W

35 YERRSIH

92 T & 9, o 600% o FHEE 110 TH FAsAh T/C-
2% o 4502744 ok 175 CHA FABA A5Hl, ol F BUT &
5 FASAY. T/C-3dA% ¢ 30074 <F 160 CT7FA & 435+

257F AEET ol % 1800&7HA = ¢F 175 T7hA &kt &% 4

ol»
fllo
i
o
=
2
ﬁ\l
=
e
rir
%
o
1o
X
lo

FAE 2AZE e,
WA FAE SRSl AGEE A of 2002 kolHed, ol T

/C-3° $1A1% CHFF vl #1#% T/C-49} CHF7} #{A|% v& &

59 R 4SS U #AY £ YTk T/C5 ASE T/

®
<o
_V\_I‘
=
A
o
N
k)
I
S

FAEHA websten, T/C-5% T/C-4xth
°F 3002 = FA3 =9 AFol AFHAL, 18002 7HA = <F 160
C7HA &gk 2= oS Yehldu. T/C-5= T/C-33% T/C-49]

0 €x7t ¢k 15 C xFol7F vhE=d), ol Awid 9= T/C-37 T/C

A
Lo
oo
DU
i)
[.ﬁ
0%,
[o
fr
r o

S Fe T/C-59 A ete] L)

,70,



ol e SuaT. T/C63 T/C 7% $A48 1ezs Jegs
d T/C-7¢] T/C-6°] wla] Hd %7} %55 A 4 Ak T/C-6
o oF 35027bA oF 40 T2 FASA w7t AsEdon, oF 40

TE FAs7}E, A oF 850 Bl &= 40 ColA 110 T7HA F24381HA

2Rl 45HE A% FAssi,
g FUOE 25E £ Yol v, Au] wxd CHF &
Aol Aol $RE ¥ F9 CHFZE 7Hdss #4420 7tde] o

2
i
rlr
po
o
f
.
-
)

,71,



200 +
| —8#—TC1 —=—TL1 ——TC3 ——TiC4 =——T/CJ = = TiC-6 == + TICT

Temperature (°C)

0 500 1000 1500 2000
Time(Sec)

Fig. 22. The relationship between temperature and time with CHEF.
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Table 5. Compressive strength measurement result of CHF

Compressive
Times strength
(N/mm)
0 2.28
30 2.24
CHF
thermal shock
100 295
test
200 2.32
Compressive strength
- the maximum permissible compressive
stress at which the material does not
break.
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Nomenclature & Greek Letters

: Specific volume

. Absolute pressure
: Volume

: Gas constant

. Universal gas constant
. Absolute temperature

: Number of moles
: Molecular mass

: Mass

. Mole of component

. Total mole of all components

: Mole fraction of component ¢

. Gas deflagration index
. Pressure rise rate

: Density

[m’/kg]

[kPa]

[m?]
[kPa-m”/kg K]
[kPa'm®/kmol-K]
[K]

[kmol]
[kg/kmol]

[kg]

[mol]

[mol]

[ -]
[m-bar/s]
[bar/s]

[kg/m’]
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A Study on the Possibility of Preventing Fire
and Explosion of Hydrogen Removal Catalyst and

VOCs Adsorption System of Honeycomb Structure

Young-Hee Kim

Dept. of Fire Protection Engineering, Graduate School,
Pukyong National University

Abstract

This study investigated the reaction characteristics of the honey-—
comb structured catalyst for the removal of hydrogen generated dur-
ing charging and discharging of the sulfuric acid-lead battery in a
diesel submarine used in Korea. In addition, the experiments on in-
direct and direct heating of CHF, a honeycomb structure, as an al-
ternative to fundamentally improving the occurrence of fire in the
pellet-type activated carbon were conducted and the following con-—

clusions were obtained.
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1)

2)

3)

4)

As for the time for the catalyst to remove hydrogen from 4%
concentration to 1%, 20 cells required 473 seconds, 35 cells 415

seconds, 50 cells 506 seconds, and 100 cells 625 seconds.

Under the condition where the hydrogen concentration reached 2%
in 20 hours in a natural convection experiment, the 35 cells hon-
eycomb structured catalyst showed the rise of the hydrogen con-
centration to approximately 1.3% until 12 hours after the start of

the experiment, and a slight decrease after 12 hours.

In the hydrogen removal reaction by natural convection, it was
confirmed that the 35 cells honeycomb type catalyst performed
more smoothly than the 100 cells catalyst. This means that the
gas flow characteristics due to the decrease in frictional resist—
ance of the gas flowing into the honeycomb structure may be
more dominant than the increase in the removal rate due to the

specific surface area of the catalyst in this reaction.

When a 35 cells honeycomb structured catalyst for the removal of
hydrogen was applied under the rapid maneuvering conditions of

a submarine such as military operations, it was found that the
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5)

6)

7)

hydrogen rising rate inside the experimental device decreased
from 60 minutes, and the hydrogen concentration inside the ex-—
perimental device converged at 1% without any further increase

from 180 minutes.

When a honeycomb structured catalyst for the removal of hydro-—
gen was Installed and hydrogen was injected, which simulated the
normal operating conditions of a submarine, it was confirmed that
the increase in the hydrogen concentration slowed down from
0.4% approximately after 10 hours had passed. After 24 hours, the
hydrogen concentration did not rise any more and was maintained

at 0.6 - 0.7%.

The test was conducted through varying the amount of hydrogen
injection inside the experimental device by simulating submarine
maneuvering conditions in military operations or normal operating
conditions, and it was confirmed that hydrogen could be con-
trolled to a concentration of 1% or less through the reaction of

the catalyst for the removal of hydrogen under all conditions.

Through the minimum operating hydrogen concentration experi—
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8)

9)

ment under natural convection conditions of the honeycomb struc-—
tured catalys. and As a result of the minimum operating hydro-
gen concentration experiment under conditions of 0.7%, 0.8% and
1.096 hydrogen, it was confirmed that the minimum operating hy-
drogen concentration was 0.7%, and generated hydrogen could be

continuously removed once the reaction started.

A comparative experiment was conducted with a commercially
available catalyst for the removal of hydrogen. In the case of the
commercial catalyst, the hydrogen concentration showed the high-
est value at 1.5% after approximately 500 minutes, and in the
case of the honeycomb structured catalyst fabricated in this
study, the hydrogen concentration increased until approximately
200 minutes and then was maintained at 1% as the reaction

stabilized.

It was found that CHF itself was not ignited when a heat source
was directly heated on CHF for 30 minutes at 700 C or higher.
CHF was tested in the concentrated state of VOCs in consid-

eration of the actual situation.
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10)

11)

12)

Given the results from the experiment where indirect heat was
applied through hot air to CHF, it was expected that VOCs
would be desorbed sequentially from the front to the rear during
the CHF material regeneration process, and there was no con-
cern that VOCs would be desorbed all at once, which might

cause the lower explosive limit to be exceeded.

In order to check the durability of CHF, heating at 165 °C for
30 minutes followed by 10 minute natural cooling were repeated
200 times, and the result showed no change in the compressive

strength.

The reason that the pellet-type activated carbon showed a slow-—
er rise rate and an uneven rise in temperature compared to CHF
was considered to be due to a non—uniform flow caused by a

difference in density occurring in the pellet filling process.
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