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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

� initial conditions

Vessel volume: 2m3,    Vent opening pressure: 10 kPa,    Vent area: 0.473 m2

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 Targets
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Computational Grid

8 m4.5 m

5 m

77� 40� 854.5 m
4.5 m

6 m

44� 44� 71 (installed at side wall)

Calculation Method

Time integration

Governing 
equation

Turbulent model

Discretization of
diffusion term

Discretization of
convection term

:  3-step Runge-Kutta method

:  2nd order central difference method

:  3rd order SHUS  (Shima & Jounouchi, 1995)

:  C equation and � equation 
for chemical reaction  

:  3-D compressible N-S equations

:  LES, SGS model - Mixed-Scale Model 
(Lenormand & Sagaut, 2000)
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Chemical Reaction Model
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� Mixture fraction equation� Reaction progress variable equation

  moxid

:  Mass of fuel

:  Mass of oxidizer

  Sc :  Schmitz number

c=1.0

:  Viscosity

LS

c=0

c0=0.5

Flame front

Unburned gas Burnt gas c : Reaction progress variable 

c = 1.0 : Burnt gas

c = 0    : Unburned gas

  St : Flame speed

u  :  Velocity:  Densityr

c   :  Reaction progress variable 

Estimation of Burning Velocity

� Estimation of laminar flame velocity  (Iijima & Takeno (1986))
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  a =1.54+0.026 (f - 1)

  b = 0.43+0.003 (f - 1)
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  Sl :  Laminar flame velocity

:  Pressure, temperature  (standard condition)

  Sl0 :  Laminar flame velocity  (standard condition)
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Estimation of Turbulence Effect

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

� Bending Effect 
Turbulence is decreased in the high velocity gradient.
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uDD
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D
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Pr=
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G = 1 : Non Bending Effect  

G = 0 : Burning velocity is equal as 0.0 m/s. 

A = 0.52

h =(n3 /e)1/4

Code Validation

� Calculation target and grid

� Initial condition

• Initial pressure :  101.3 kPa

• Initial temperature  :  283 K

• Mixture gas :  H2 - Air (� = 1.03)
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Pressure Behavior inside Vessels

Effects of Vent location and 
Ignition location

Pressure Histories inside Cubic Vessel
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Flame Propagation

mass fraction of H2flame front 0 0.028

Wall: Overpressure, Center plane: mass fraction of H2

- 10 kPa 50 kPaoverpressure

Pressure Histories inside Rectangular 
Vessel with Vent at Side Wall
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Flame Propagation 
with Various Ignition Points
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flame front

0 0.028

- 10 kPa 50 kPaoverpressure

Wall: Overpressure, Center plane: mass fraction of H2

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

mass fraction of H2flame front
0 0.028

- 10 kPa 50 kPaoverpressure

Wall: Overpressure, Center plane: mass fraction of H2
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Pressure Histories in Vessels

Pstat = 10 kPa

Vent open

After vent opening, 

2 kinds of specific features are 
observed.

Rectangular

Cubic,Top vent, center

upper
Side vent Top vent

center
lower

Cause of pressure peak is heat 
release from burnt gas.

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

Pressure measured at side wall
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After vent opening, 

2 kinds of specific features are 
observed.

Rectangular

Cubic,Top vent, center

upper
Side vent Top vent

center
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Cause of pressure peak is heat 
release from burnt gas.

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

Pressure measured at side wall

Flame Propagation
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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;

D =2(L1•L2/� )0.5,  Av: vent area (m2),  V: vessel volume (m3)

Predicted reduced pressure in the case of 

present condition, by the recommendation:

Pred < 96 kPa

    
Av = 0.127log550- 0.0567( )Pred

- 0.572+0.175Pred
- 0.572 Pstat - 0.1( ){ }V2/3

In the case of fuel gas is hydrogen and 0 < L/D < 2

AvL

L1

L2
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Comparison with Technical 
Recommendation

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

Technical Recommendation Pred < 96 kPa
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Numerical Analysis of Gas Explosion 
Accident Inside Building

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

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

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

JAEAc

Tokai Nuclear Power Plant 

JAEAc

Asphalt Solidification Facility

Fire and Gas Explosion Accident 
in Asphalt Solidification Facility
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Severe Damage inside Bluilding

Severe damage

G414

A314 A333

R051 R051

R251

A435 G416

A336
A334

G221A233G214

G114

A034 A035

A038

A133 R151 R152

A234

A235

A121 W120

R056

G028

A236

RF

4F

3F

2F

1F

B1

B2

Schematic view of asphalt solidification facility

R152 : Asphalt filling room

R151 : Extruder room

A121 : Casque room

A234 : Maintenance work room  

A235 : Maintenance airlock room

Ignition

Remarkable Damages
Schematic view

The partition was broken 
and flew from R151 to R152.

R152R151

A234

Ignition

Duct

A121
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Remarkable Damage of Wall in A235


��
�����
��������������
A235

R152 & A121ignition

A234

R151

Computational domain

Wall in A235

©JAEA

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.

Computational Target

A234

28.0 m

Ignition point

6.0 m

11.1 m

2.5 m

2.5 m

10.6 m

R152 & A121

A235

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

Door-1
(Popen = 21 kPa)

Door-2
(Popen = 46 kPa)

Door-3 
(Popen = 46 kPa)

Grid	 dx, dy, dz = 10 cm,  281 � 74 � 112 = 2,328,928 points
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Flame Propagation ( F = 3.0)
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Adiabatic maximum pressure 575 kPa

Adiabatic maximum pressure 676 kPa

Door open 21 3 21 3

R152

A234 A235

: Measurement point

First peak : Door-3 opened, and gas in A235 was burned out.
Second peak : Energy release form R152 and A234.

Maximum pressure
345 kPa

Maximum pressure
442 kPa
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Maximum pressure
345 kPa

Effects of Door Opening 
Pressure of Door-3

46 kPa (original)

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

92 kPa

Maximum pressure 
335 kPa

1 3Door open 21 3 2

R152

A234 A235

: Measurement point

Adiabatic maximum pressure 575 kPaAdiabatic maximum pressure 575 kPa

Conclusion

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.

Gas explosion simulations were carried out.
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Background

i)  													

ii)  															

iii)  													

� Gas explosion accident 												

														

															

														
																					

																	

																							 , 								
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©Fike

Explosion vent
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Calculation Setup

H2 - Air (� = 1.0),        P0 and T0 : standard condition

The places of ignition point on 
symmetrical plane in room B

32.
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3.
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H
, 5

.0
 m

 

5.0 m

Symmetrical
plane

Ignition point
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2

3

2

Pressure Histories in One Room: Effects of Ignition Point

D-I : Distance from the center to ignition point
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Pressure rise speed decreases with D-I.

D-I has effects on pressure rise.
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Objectives

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

� Effects of ignited room volume

Calculation target

Room A

Room B
	 Ducts

Partition

	 Pressure time history in each room

	 Differential pressure

	 Flame propagation behavior


