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Explosion vent works effectively near ignition point.
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But, ignition point is NOT predictable.




Objectives

* Numerical simulations of gas explosion inside
vessels (2m3) having explosion vent are
carried out to clarify the following;

— pressure behavior inside vessels

— effects of vessel geometry, installation position of
explosion vent, ignition point

— comparison between the simulated reduced

pressure with the data in the technical
recommendations in Japan (2005)

* Numerical simulation of explosion accident
inside building, taking account of the venting
effect though the opening door

Computational Targets

Explosion ver{t at top wall

Explosion vent

125m at side wall

2m nition

1.25m

N
1.25m Outside: Air

AN

® : pressure measurement point
initial conditions
Vessel volume: 2m3,  Vent opening pressure: 10 kPa, Vent area: 0.473 m?
Installation position: top wall (cubic), top and side wall (rectangular)
Pressure: 101.325 kPa, Temperature: 298.16 K
Combustible gas inside vessel: stoichiometric hydrogen-air




Computational Grid

77 40 85
44 44 71 (installed at side wall)

Calculation Method

Governing . 3-D compressible N-S equations

equation : C equation and equation

for chemical reaction

Discretization of : 3rd order SHUS (Shima & Jounouchi, 1995)
convection term

Discretization of : 2nd order central difference method
diffusion term

Time integration : 3-step Runge-Kutta method

Turbulent model : LES, SGS model - Mixed-Scale Model
(Lenormand & Sagaut, 2000)




Chemical Reaction Model

c=1.0

¢ : Reaction progress variable
c=1.0:Burntgas
c¢=0 :Unburned gas

Unburned gas Burnt gas

c,=0.5

c=0
Flame front

Reaction progress variable equation Mixture fraction equation

7/(I'C)+7/(fCUj)=rS[NC‘ ”(rX)Jr”(rqu):lﬂﬂ
" % f &y & Sc K
(OEc£))
c : Reaction progress variable Mgyel : Mass of fuel /7 : Viscosity
S, : Flame speed Moxid : Mass of oxidizer ,_ _ Muel
r : Density u : Velocity Sc : Schmitz number Mhuel™ Mbxid

Estimation of Burning Velocity

Estimation of laminar flame velocity (lijima & Takeno (1986))

4.0 - .
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0.0 . . . . :
S : Laminar flame velocity 00 10 20 30 40 50 60
Equivalence ratio f3
S,  Laminar flame velocity (standard condition)

Py, Ty Pressure, temperature (standard condition)




Estimation of Turbulence Effect

Estimation by P. Flour and H. Pitsch (2000)

D
D 1/2~ - 114 R%® = u|/37 P =t
S =5(1+ARey Pry"“Dag ") n ¢
Pr=— A=052
a

Bending Effect
Turbulence is decreased in the high velocity gradient.
1/2

— 2
:}erfc - i In &_l_i s €In(D/h) & —l.':_nicr
2 2s e 2 h=(lgt g =(S)a

G =1: Non Bending Effect
G = 0: Burning velocity is equal as 0.0 m/s.

Code Validation

Pressure history

Calculation target and grid 800

Ignition point (center) 600

400

Overpressure (kPa)

200

& |-+ =+ Experiment (NTS, 2005)

Calculation

0 2 4 6 8 10
Time (ms)
69 51 51 )
Maximum pressure and K value

Initial condition K value Maximum
pressure
« Initial pressure  : 101.3 kPa (bar - m/s) (kPa)
* Initial temperature : 283 K Experiment 418 653
* Mixture gas 1 H2-Air ( =1.03) Calculation 565 725
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Pressure Behavior inside Vessels

Effects of Vent location and
Ignition location

Pressure Histories inside Cubic Vessel

Pressure )
measurement point
—~, | —center of bottom surface

—center of side surface

Explosion vent at top wall —center of upper surface

140

120 i
100 i
80 i
60 i

40 +

Overpressure (kPa)

20 +

-20
0 0.02 0.04 0.06 0.08

time (s)




Flame Propagation

Wall: Overpressure, Center plane: mass fraction of H,

0 mass fraction of H 0.028
flame front r— = 2
- 10 kPa Overpressure 50 kPa

Pressure Histories inside Rectangular
Vessel with Vent at Side Wall

Top ignition s Bottom ignition

— center of side surface

Pressure .
< measurement point

—center of side surface
sl —— center of bottom surface 401 ——center of bottom surface

——center of upper surface center of upper surface

overpressure (kPa)
N
S
overpressure (kPa)

time (s) time (s)
« _Center ignition )
——center of side surface Explosion vent

40| —— center of bottom surface at side wall
N ——center of upper surface
£ 3ot 1
e
2 20 1 "
g nition
5 10
H uﬂ,

0
-10

0.02 0.04 0.06 0.08

time (s)




Flame Propagation
with Various Ignition Points

Wall: Overpressure, Center plane: mass fraction of H,

0 mass fraction of H, 0.028
— flame front . i |

- 10 kPa overpressure 50 kPa

Pressure Histories inside Rectangular
Vessel with Vent at Top Wall
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Flame Propagation
with Various Ignition Points

Wall: Overpressure, Center plane: mass fraction of H,

0 mass fraction of H, 0.028
— flame front _ i |

- 10 kPa overpressure 50 kPa

Pressure Histories in Vessels
Cubic,Top vent, center
Vent ipen Side vent Top vent Rectangular|
-== upper H
— — —— = center After vent opening,
—_— - lower
2 kinds of specific features are
| A\ 1 observed.
[ [
o [
é J 4
© L L ]
2 MR Cause of pressure peak is heat
s I release from burnt gas.
= = i Y 4
g )
° . b O\ P = 10 kPa J L
\‘ . e 1 ~ b P
e B Bunt gas inside vessels should be
. . . focused to understand this feature.
time (s)
Pressure measured at side wall




Pressure Histories in Vessels
L QUbic,Top vent, center

Side vent Top vent Rectangular|
I = - upper
T L —_— -- center
—_— = - - lower

Vent open

g

After vent opening,

2 kinds of specific features are
observed.

Cause of pressure peak is heat
release from burnt gas.

J L

Bunt gas inside vessels should be
. . . focused to understand this feature.

overpressure (kPa)

time (s)
Pressure measured at side wall

Flame Propagation

Cubic (Top wall, Center Rectangular (Side wall, center ignition)

0 mass fraction of H, 0.028

— flame front 50 kPa

overpressure




Histories inside Vessels
Pressure and Burnt Gas(%)

Cubic

< 120F T T (top vent, center ignition)
& Rectangular
;’ 80 (side vent, center ignition)
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Histories inside Vessels
Pressure and Mass of Burnt Gas

. . Cubic
< 120 1 (upper vent, center ignition)
Q Rectangular
B’ 80 | (side vent, center ignition)
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behavior of mass of burnt gas is similar to pressure behavior.
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Comparison with technical
Recommendation in Japan

Comparison with technical
Recommendation in Japan

Technical recommendations of the national institute of industrial safety
in Japan (2005) say;

In the case of fuel gas is hydrogen and 0 < L/D < 2
A, ={(0.12710556 0.056Reg **72+0.17Req O Py~ 0. D"

D =2(L,L,/ )°5 A, vent area (m?), V: vessel volume (md)

:> Predicted reduced pressure in the case of
present condition, by the recommendation:

Preq < 96 kPa
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Comparison with Technical
Recommendation

Technical Recommendation P,,4 < 96 kPa

geometry, Difference between the

installation Ignition point rezsgruec‘(al?Pa) technical recommendation and
position P simularted pressure (kPa)
cubic, top wall center 121 +25.0
upper 30.2 - 65.2
rec_tangular, center 25.9 - 70.1
side wall
lower 33.3 - 62.7
upper 225 - 735
rectangular, center 88.8 - 72
top wall
lower 123 + 27.0

Technical recommendation include factor 1.5, but the simulated
pressure might exceeds it.

Comparison with
Technical Recommendation

160 @® Cubic {top) '

& Rectangular (side)

A Rectangular (top)
$ 120 | o A
-
o. Prgd =96 kPa
2 A
@ 80 f |
s
(]
C>) 40 4

$
b <
0

00 04 08 12 16 20
Distance between vent and ignition point (m)
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Numerical Analysis of Gas Explosion
Accident Inside Building

Fire and Gas Explosion Accident
in Asphalt Solidification Facility

Tokai Nuclear Power Plant Asphalt Solidification Facility
el

Asphalt Solidification Facility :
Facility for solidifying harmful radioactive effluent using asphalt

e The cause of the accident was formation of flammable gas and
ignition caused by spontaneous combustion of asphalt.

e Some ducts, windows, and equipments in facility were broken, and
radioactive material leakage occurred, 37 workers were bombed.




RF
4F

3F

2F

1F

B1

B2

Severe Damage inside Bluilding

Schematic view of asphalt solidification facility

Al121:
G414 A435] G416
R151
A336
A314} A333 A334 A3 A236 R152
/ S A234
R251
G214 ﬂ A233f] A234 / G221 A235 :
G114} A133 || R151 % R152 A121f w120
Ignition
ROS1 RO51 4 A034f AO35 G028 I_I
I I RO56{] A038

: Extruder room
: Asphalt filling room

: Maintenance work room

Casque room

Maintenance airlock room

Severe damage

Schematic view

1]

|

I 1]

Remarkable Damages

A121

The partition was broken
= and flew from R151 to R152.
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Remarkable Damage of Wall in A235

3 rooms were connected by the doors, and one of
doors in A235 was opened after gas explosion.
The door worked like a explosion vent.

Wall in A235

e

A234

A235

=

R151 % ignitior R152 & A121 I:I

Computational domain

Computational Target

Door-3
= 46 kPa)

Door-1
(P.... = 21kPa) I open

e

2|5 m i i
.Ignmon point P ER Y GE))

(P

11.1m

open

6.0m

Grid dx,dy, dz=10cm, 281 74 112 =2,328,928 points

Combustible Gas Mixture: F = 1.8 3.0 of hydrogen-air




Flame Propagation ( F = 3.0)

A235

Pressure Profile inside Building . 0 A235

O : Measurement point

800 (= =1.8 . . 800 -F _3'(.) . .

. 600 — 600 | Adiabatic maximum pressure 575 kPa
g g
= =3
g < Maximum pressu
> o} - B
3 400 g 400 345 kPa
Q [}
5 =1
o ]
> >
S 200 O 200

0 . . 0 . . :

0.0 H] 0.2 0.4 0.0 IH 0.4 0.6

Door open 123 Time (s) 123 Time (s)
First peak : Door-3 opened, and gas in A235 was burned out.

Second peak:  Energy release form R152 and A234.
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Overpressure (kPa)

Effects of Door Opening
Pressure of Door-3

o 0 A235
o

O : Measurement point

46 kPa (original) 92 kPa
00 T T 800 T
600 [ Adiabatic maximum pressure 575 kPa _ 600 [ Adiabatic maximum pressure 575 kPa
_______________________ - 3 Ipiosasndtoipduiruptbl o tpupubiibapbuniulbinl i
=
) I )
400 FMaximum pressur 2 400 | Maximum pressure
DR 7/ 1 (- B - 2 iR KRRt W
s
[
>
200 | —RI152 O 200
—A234
— A235
0 . . n 0 ) .
0o |]] 0.4 06 00 | I | 0.4 0.6
Door open 123 Time (s) 1 23 Time(s)

Door opening pressure of Door-3 does NOT affects pressure behavior.

Conclusion

Gas explosion simulations were carried out.

1. Cubic and rectangular vessels having explosion vent
(top/side wall) with center/top/bottom ignition point:

— Pressure behaviors inside vessels depending on
the vessel geometry, vent installation position
and ignition point were clearly observed.

— Comparison between the simulated reduced
pressure were compared with the data in the
technical recommendations in Japan.

2. Gas explosion accident inside building, taking into
account of the venting effect though the opening
door, were simulated. Door opening pressure does
not affect the pressure behavior in the building.
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end

‘0eG'1%0> (0.02 m)
800 ‘0eG%o> (0.03125 m)
‘0eC'1%0> (0.0417 m)
700
600
T:?
% 500
°
5 400
@
£ 300
@
Z 200
100
0
Q03125 m 0 0.02 0.04 0.06 0.08
KG time (s)
K (bar-m/s) «PaG) KPaG)
0.02 778 651 711
0.03125 711 636 720
0.0417 895 570 787

19



Histories in Cubic Vessel

Pressure and other values

1.
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Pressure Histories in Cubic Vessel
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Pressure Histories in Cubic Vessel
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H

overpressure (kPa)

40

20

-20

40

(s/By) arel ssewl

0 0.02 0.04

time (s)

; kPa) (kPa)
, 121 +25.0
30.2 - 65.2
, 25.9 -70.1
333 -62.7
225 -73.5
, 88.8 - 72
123 +27.0
, kPa)
; 121
, 30.2
25.9
333
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, () (kPa)

0.037 121
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Background

Gas explosion accident

Explosion vent

©Fike @

25



26



ﬂl + ﬂfa' =
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Se(¥)=c +cx+cx’ +c,x°

+ox* +cx’ +cx°
lijima
P T, °
=S, 1+blog — =+
S=3, Wp T

a=154+0.02€(f - 1), b=0.43+0.00f - 1)
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x=1 x=0

Tove T (g ) L
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Flamelet data
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SGS

GS
n%GS = C:MTSkSGSTS
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§=2SS. 8= g
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EXP EXPNV

EXP
,SUS316
100 _ ,FEP/PTFE

EXP/V EXP ,
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EXP-DV

VSB

EXP-DV

VSB

1kPa(G) Pa(G)

EDPM .

© BS&B SAFETY SYSTEMS

SGS

turbulent burning velocity (m/s)
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FSA
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SHUS

SHUS Simple High resolution Upwind scheme
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E=fesT* (JInTs)

a ,: ,: .

T:

E¢=AT" (J/n's) A n

A 5.2 104 -0.80

T () 6.0 104 -0.725
E>E’

«Pa) |

7 20

19.6 1%
49.0 10 %
8.1 50 %

205.9 85 %

1.03

2.06

4.80
13.8 20.7




QuickTimey C? |
. H.264 BLIEEVEGEOEA
C™C+CAESENE EECYA0CEC CY:C.

EA
~GOIKOVG-C  AB

2.08 kPa

QuickTimey G2
. H.264 &LIEEVECEOEAEA
G™G+GAESENE EECYAOCEG G¥C...COIKOVG-C  AB
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Calculation Setup

Symmetrical
s ucts

Partition ™ i
W, 50m - / The places of ignition point on

L,50m

Hz2 - Air ( =1.0), Poand To : standard condition

symmetrical plane in room B

Pressure Histories in One Room:  Effects of Ignition Point

Symmetrical 800 '
plane - .
|t|on point
‘ 600} 1
sl 5 g
; =
0 ' e
50m 7 400 1
“ é
§ —Point 1, D-1=0.00 m
g —Point2, D-1=1.20 m
O 200 ——Point3,D-1=325m | T
50m 0 *
) o . 0.0 1.0
D-1 : Distance from the center to ignition point Time (s)

Pressure rise speed decreases with D-I.

2.0
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Obijectives

To conduct CFD research of gas explosion inside two rooms
connected by ducts.

Code validation : Simulation of gas explosion in cylindrical container

Effects of the place of ignition point | Calculation target |

Effects of ignited room volume

Pressure time history in each room

Differential pressure

Flame iroiaiation behavior

Partition
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