
Twenty-Fourth Symposium (International) on Combustion/The Combustion Institute, 1992/1'1" 1737-1746

REACTIVITY OF PRODUCT GASES GENERATED IN
IDEALIZED ENCLOSURE FIRE ENVIRONMENTS

WILLIAM M. PITTS

Building and Fire Research Laboratory
National Institute of Standards and Technology

Gaithersburg, MD 20899 USA

Previous experiments have demonstrated that the mole fractions of major product gases
trapped in a hood located above a fire can be correlated in terms of the global equivalence
ratio. Temperatures in the hood experiments have generally been low. Full-kinetic calcula­
tions are employed to characterize the reactivity and reaction behavior for the product gases
observed in a hood experiment burning natural gas as fuel. A range of temperatures (700­
1300 K) typical of enclosure fires is considered. Mixing is assumed to be infinitely fast (per­
fectly-stirred reactor) or infinitely slow (plug-flow reactor). Both isothermal and adiabatic cases
are treated. Calculations are reported for a range of residence times (0-20 s) and global
equivalence ratios (0.5-2.83). The dominant variable for reaction behavior is found to be
temperature. Effects due to mixing and heat transfer assumptions are less important. The
results indicate that the hood product gases are reactive for temperatures greater than 800
K. For rich mixtures, reaction generates primarily carbon monoxide as opposed to carbon
dioxide. At higher temperatures the formation of hydrogen is favored over water while water
is favored in the 800-1000 K range. In the lower temperature range H02 is the dominant
free radical. Uncertainties in rates for reactions involving this specie introduce considerable
uncertainty into the calculated behaviors. At higher temperatures (1100-1300 K) the impor­
tant free radicals are H atom and OH. Reactions involving these radicals are better char­
acterized than those involving HOz. The findings suggest that the results of the hood ex­
periments cannot be used directly for the modeling of species production in enclosure fires.

Introduction

Roughly two thirds of all deaths resulting from
enclosure fires can be attributed to the presence of
carbon monoxide (CO)1,2 which is known to be the
dominant toxicant in fire deaths.3 The mechanisms

responsible for the generation of high concentra­
tions of CO are poorly understood. A long-term
program at the Building and Fire Research Labo­
ratory seeks to develop an understanding of and
predictive capability for the generation of CO in
fires .4

Enclosure fires are often modeled as consisting
of two layers in which burning occurs in a relatively
low-temperature, unvitiated lower layer and the
products of combustion are located in a hot upper
layer which may be highly vitiated.5 Researchers at
Harvard Unjversitl,7 and the California Institute
of Technologl-1O investigated the production of CO
in idealized analogs of these models. Buoyancy­
driven fires burning in an open laboratory were lo­
cated beneath large hoods which trapped the com­
bustion products. By changing the fuel release rate
and the distance between the flame base and the
hood the air entrainment and hence the global

equivalence ratio (GER, symbolized as cp and de­
fined as the mass ratio of fuel and air entering the
hood normalized by the mass ratio required for
stoichiometric burning) could be varied over a wide
range. These experiments showed that concentra­
tions of major combustion products trapped above
a fire are well correlated by the GER. The corre­
lations hold even when air is injected directly into
the upper layer. 9, 10 The existence of these corre­
lations has been termed the global equivalence ra­
tio concept. Figure I, showing data taken from
Morehart,IO is an example of the GER concept for
a natural gas flame.

If the GER concept were valid for enclosure fires
it would provide a powerful means for predicting
CO generation. One potential problem is that up­
per-layer temperatures in the hood experiments
(measured for locations outside of the fire plume)
are considerably lower (460-870 K, with the great
majority less than 700 K)6~10 than those observed
in fully-developed room fires (typically 1200-1300
K).ll

Two minimum requirements for the GER con­
cept to hold for enclosure fires are that the gen­
eration rates of combustion products by the fire
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