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Problem Definition

® The odds that a fire will occur on the
International Space Station or on
another space facility are quite high

® |n past NASA shuttle missions, there
have already been at least five
documented fire incidents

® The fire was caused by an electrical
or electronic component failure (fans,
cable trays, insulation, etc.)

® As the system is in place now,
effective mitigation of a fire incident
requires reliable, early detection of
the fire event and proper delivery of
suppressant
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Fire Suppression in Microgravity

REN ® Fire suppression can be divided into
two equally important elements
— Agent delivery
— Suppression of the fire

® Previous research (by Hamins,
VanDerWege, and Bundy for
example) has focused solely on agent
effectiveness and flame structure
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® Delivery of the suppressant to the fire
has not been considered

® The objective of this study is to
develop a design tool that can assess
the performance of fire suppression
systems and determine optimal
suppressant system location for
micro and reduced gravity facilities

Combushon

Science &Engineering, Inc.

® Examine potential
computational fluid
dynamics codes

— Fire Dynamics Simulator
— FLUENT

® Conduct ground based
experiments to provide
data for model validation
on agent dispersion and
suppression (hitrogen)

® Use data in the literature
and to validate use of
finished tool for micro
and reduced gravity
environments
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Theoretical Framework

® The complex phenomenon of diffusion flame
extinction has been extensively investigated over the
last century

® Generally, diffusion flame extinction research can be
sub-divided into three categories

— Asymptotic analysis to determine where a flame can ignite,
burn, and extinguish (Fendell, Linan)

— Critical adiabatic flame temperature below which the flame
will extinguish (fire point)

— Critical mass flux of fuel from a surface to a flame as a
dominate parameter controlling the extinction of the flame
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The Damkéhler Number

@ In asymptotic analyses, the Damkd&hler number is a derived non-
dimensional parameter that represents:

the characteri stic time of the flow

the characteri stic time of the chemical reaction

® Based on past research, the Damksdhler number is modified or
simplified such that each Damkoéhler number is pertinent to the
particular analysis being conducted

® Need a generalized description and definition of the Damké&hler
number that can predict where extinction of a diffusion flame
will be problematic in a three-dimensional environment

® Parameter will be obtained numerically to vield a 3-D mapping
throughout a specified environment
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Generalized Damkdéhler Number

® Expanding on the analysis by Wickman (1984)
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Generalized Damkdhler Number

® Non-dimensionalization of the problem species and
energy equations yields a generalized Damkohler
number:

B = A Y'Y, exp L
~ RTy
A = Pre-exponential coefficient
¥, = Mass fraction of oxygen
¥ = Mass fraction of fuel
E = Activation energy
R = Universal gas constant
Ty = Flame temperature
a = Strain rate or velocity gradient of the flow

GRIVE
; _ AT\
Combustion | A P4 K
selenceEngineenng fne & BEIREND EXPLOSION) HisZARIDS 20/




Ground Based Experiment Design
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Experimental Setup

® Constructed from 1.27 cm
transparent acrylic sheeting
material

® Inlet hozzle machined as
identical to 1SS CO,
extinguisher

® Exit vents_from rack to cabin
recreated in scale

® NO, Planar Laser Induced
Fluorescence (PLIF)

— Seeded In N, discharge into
reduced-sc %e rack to
determine gas concentration
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