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A Numerical Study of Fire Dynamics of The Enclosed
Compartment with Window Glass Breaking
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Abstract

The use of computer supported fire safety engineering calculations has grown significantly in
recent years and will be increased rapidly.

In this study, in order to examine for fire dynamics of the enclosed compartment with window
glass(3mm, 4mm thickness) when the window glass breaks, we conducted numerical computer
simulations about foam sofa fire with the zone type computer model, FASTLite package(version
1.1.2) and the Berkeley algorithm for breaking window glass in a compartment fire, BREAK1
program(version 1.0),

The analysis of the results in this paper shows that there are differences of fire dynamics be-
tween open- or enclosed-state compartment fire and the enclosed compartment fire with window
glass breaking.

It is also shown in this study that backdraft phenomenum occurs due to accumulated
unburned combustible fuel when the glass of 4mm thickness breaks, and that temperature
differences between the inner- and outer-surfaces of 3mm and 4mm thick glasses are appreci-
able. )

This study will help fire fighter to establish fire suppression or occupant’s refuge strategies
and fire safety engineer to enhance computer simulation techniques about the fire dynamics of
compartment fire.

Key Words : The Enclosed Compartment, Zone Model, Window Glass Breaking, Vitiated Com-
bustion, Backdraft
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NOMENCLATURE

Afinor : Floor area

a : Distance between points of load ap-
plication in flexure test

b : Width of glass specimen

c : Distance between supports in flexure

test, Specific heat capacity
Cpo > Ambient air heat capacity

E : Young’s modulus for glass
g : Earth’s surface gravitational con-
stant

hy 2 : Heat transfer coefficient
AH. : Heat of combustion
: Radiant heat flux directly from the
flame
4 : Decay length
L : Thickness of glass
L : Characteristic length
m : Mass of the lower air layer
e : Mass of air exiting the room from
the lower air layer
mpume - Mass of air leaving the lower air
layer into the plume
P : Breaking load for glass
q : Nondimensional heat release rate
Q : Fire heat release rate
Qo :Initial value of the heat release rate
t
it

Py

: time
: Characteristic time
AT  : Temperature difference between the
glass edge and center

T : Smoke temperature
Two : Ambient air temperature
z : Elevation

zimy . Elevation change from smoke layer
interface to lowest point of burning
fuel

42 wmxyx - wHBRE 124 2MGBE 0R) 19985 67

2fire - Elevation of the bottom of the fuel
flames above the room floor

21 : Elevation of the ceiling above the
fuel height

Greek

.8 :Coefficient of thermal expansion for

glass

: Emissivity

: Nondimensional elevation

: Thermal conductivity

: Fraction of upper layer energy lost by
heat transfer into room barrier surfaces

: Fraction of actual heat release rate
directed into radiative energy

: Ambient air density

: Breaking stress for glass

: Nondimensional time

: Nondimensional temperature

e IR

89 9%

Subscripts

: Outside of glass pane

: Compartment side of glass pane
: Ambient

: Breakage

: Characteristic, Convection

: Exhaustion

: Generation

: Initial, Inner

intf : Interface

r :Radiation
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