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FOREWORD

The size and scope of this compilation for the Center for Fire Research's
Second Annual Conference is unusual; the spirit which produced it is
unique.

We at NBS are privileged to stand at the crossroads of fire research in
the United States. We were originally put there by Congress when we
were assigned responsibility for a major extramural research program.
That program has at one time or another put us in partnership with most
of the nation's premier fire laboratories, and it is a partnership from
which we have invariably profited. The aims of this conference are to
share among the participants the sense of community and synergy we have
experienced.

It is crucial that this goal be achieved. Fire research is challenging
and important. There are only enough resources to support the very best
efforts of which all of us in the research community are capable. The
more we can help one another the more progress we can make.
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August 16, 1978 Frederic B. Clarke, Director
Center for Fire Research
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been accentuated. Experiments in the Program for Physics and Dynamics
have shown that elemental sulfur is an effective smoldering inhibitor,
and we are now studying the modes in which it works. Experiments to
date have shown that sulfur in cotton batting eases ignitability under
radiant flux and decreases the smoldering propagation rate and the
smoldering front temperature. In addition, we are looking for sulfur-
containing products, such as 802, HyS, S, in the vapor phase or bound
sulfur in the cotton residue. The concept of activity as a heat sink is
also being pursued by comparison with other additives of comparable heat
capacity. A report on likely retardance mechanims is in preparation and
should lead to ways to maximize the desirable effects and to select
similarly-acting alternative additives.

Polymer Volatilization

A powerful method for studying the degradation of polymer-inhibitor
systems and the resulting flames is by molecular beam sampling directly
into a gquadrupole mass spectrometer. Studies have been carried out on
retardant systems based on phosphorus, iron, molybdenum, antimony and
halogen~-containing species. DNumerous radicals have been identified,
many previously unobserved. Coordinated H-atom optical studies have
shown that in different temperature regimes, phosphorus additives can
either promote or reduce H atom formation. OH absorption studies are
being pursued with the intent of comparing fuel-rich systems where H-
atom processes are expected to dominate with fuel-lean systems where OH
reactions are prevalent. Concurrently, the OH absorption, vibration and
rotational Raman spectra of N, and O,, and Na D-line reversal techniques
are being compared as to their accuracy and applicability in measuring
flame temperatures. The latter two produced temperature profiles for
H2-O2—N2 flames which are in good agreement. However, the Raman-derived
profiles are more valuable, as they extend along the whole flame,
including the reaction zone region, while the Na D-line method is limited
to the post-flame region.

In addition, a new, high pressure sampling mass spectrometer apparatus
is under construction. This will enable sampling of diffusion flames,

flames at pressures up to 10 atm, and flames containing vparticulates.

Opto-Galvanic Spectroscopy of Flames

A joint effort within NBS has devised this laser-excitation tech-
nique in which atomic and molecular absorptions are detected by changes
in flame conductivity rather than by changes in light intensity. The
current objective is to explore its application to flame and combustion
product analyses. To date, we have detected sodium atoms at the sub ppb
level, as well as a number of other atomic species. We have also recently
observed absorptions from molecular species of La0O, YO, ScO, SrOH and
BaCl, in the protess recording previously unreported transitions and
some of the best metal oxide spectra ever reported. We now understand
the opto-galvanic mechanism reasonably well and flame species temper-
ature measurements are becoming feasible. A major application of this
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technique, currently in the infant state, is to examine the contribution
of flame ionic processes to soot formation.

Associated Grants and Contracts
"Polymer Combustion and Flame Chemistry"
Robert F. Sawyer and Nancy J. Brown, University of California,

Berkeley

"Ignition and Fire Spread of Cellulosic Materials"
Fred Shafizadeh, University of Montana

"Flame Suppression by Chemical Inhibitors"
James Chien and Marcel Vanpee, University of Massachusetts

"Polymer Flammability and Flame Inhibition"
Robert Fristrom and Lawrence Hunter, Johns Hopkins University

Applied Physics Lab

"Kinetics Investigation of Flame Initiation and Propagation Reactions"
A. Ravishankara and Frank Tully, Georgia Institute of Technology

"Decision Analysis Studies: Transformer Fire Hazard Analysis"
Fred Offensend, SRI International

"WNEMA Transformer PCB Replacement Study"
John Motherway, NEMA
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PROGRAM FOR PHYSICS AND DYNAMICS
FIRE SCIENCE DIVISION
CENTER FOR FIRE RESEARCH

Professional Personnel

John A. Rockett, Chief

Howard R. Baum, Research Physicist
Margaret Harkleroad, Physicist

Takashi Kashiwagi, Material Engineer
Thomas G. K. Lee, Fire Protection Engineer
Bernard J., McCaffrey, Mechanical Engineer
Robert J. McCarter, Chemical Engineer
George W. Mulholland, Research Chemist
James G. Quintiere, Mechanical Engineer

The Program objectives are:

1. Growth and Spread of Room Fires: To predict the growth and spread
of fire in a room or a set of simply interconnected rooms.

2. Mathematical Models: Develop advanced mathematical models for
various flow phenomena in fires.

3. Ignition: To identify and quantify the phenomenon related to
flaming ignition of solid and liquid fuels. '

h. Smoke Characterization: To study smoke formation and to develop
techniques for producing well characterized and reproducible
aerosols.

5. Smoldering: To identify and quantify the phenomenon related to
smoldering combustion of (porous) solid fuels and to devise means
of quantifying the smolder tendency of materials.

Growth and Spread of Fire

The objective of this program is to improve predictions of fire
behavior in a room. A steady state model which relates the potential
for flashover in a room to its combustible contents and thermal and
ventilation characteristics has been developed and compared to small
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scale experimental data. Predictions are qualitatively good; quantita-
tive predictions range from fair to quite good. Data obtained for wood
and high density polyurethane foam cribs will be compared with the model
after inclusions, now in progress, of the effect of radiation from the
crib to its surroundings, of flow entrainment by the crib, and of the
effect of the hot vitiated layer sinking below the top of the crib.
Transient terms will be added to the model using a simple but accurate
heat flow model.

Experimental work begun by McCaffrey and Cox at the Fire Research
Station, Borehamwood, England, on the near field entrainment of a
diffusion flame will be continued. TResults to date suggest significant
differences between the measured plume quantities and predictions based
on current (far field) models.

Full scale experiments just getting underway will provide more
detail for model evaluation especially to check the overall flow pre-
diction, secondary flows around the door (or window) and plume near
field effects.

Mathematical Models

The objective of this program is to improve the capability and
accuracy of fire models through the application of the most efficient
mathematical techniques.

Three relatively separate activities have been pursued.

1. In most fire situations the Reynolds (or Grashof) number is
large. This suggests that, as is true in other areas of high
Reynolds number fluid flow analysis, an inviscid flow approx-
imation should prove useful. Since, for strongly buoyant
flows, the equations are quite non-linear, numerical methods
are called for. A careful examination of several numerical
schemes has been pursued with numerous cross comparisons with
analytic solution of test problems to determine the accuracy
and stability of the techniques as applied to this set of
equations. When a satisfactory solution algorithm has been
developed, the ability of the inviscid analysis to represent
practical fire problems will be studied.

2. Containership operations allow below deck storage only of
containers carrying no hazardous cargo. However, scheduling
economics are strongly affected by the definition of hazard-
ous. It has been proposed to the International Maritime
Consulting Organization (IMCO) that the present limitations on
below deck storage could be relaxed if forced hold ventilation
were provided. To examine this, a procedure for calculating
the in-hold flows and combustible vapor concentrations for
various ventilation schemes and accident scenarios is being
developed.

1L




3. Jointly with the smoke characterization program, aerosol
calculations have been developed.

Ignition

The purpose of this program is to identify and document the
important phenomenon related to ignition. Work to date has concentrated
on radiation assisted ignition - to flaming combustion - of solid and
liquid fuels. Additional data on energy absorption by evolved gases in
the convective plume above the ignition target has been obtained. The
simplying concept of a material dependent characteristic surface
temperature for ignition has been found to be satisfactory for PMMA
(about 400 °C) but quite poor for red oak (variable from about 400 to
600 °C). Future work will concentrate on other important parameters
such as surface orientation, size, pilot type and locaticn.

Smoke Characterization

The objective of this program is to improve the accuracy and
capability of smoke characterizing instruments and apply this to
improving fire detection and fire analysis.

Techniques developed for generation of controlled, reproducible
aerosols of known size distribution have been applied to smoke detector
standardization and testing. A prototype portable tester suitable for
evaluation of installed smoke detectors has been built and is being
field tested. Aerosol gerferators have been designed for several other
special applications related to environmental control.

An analytical model of smoke aging in the buoyant plume gbove a
fire that has been developed. This will form a part of a larger study
of detector siting and sensitivity now in progress.

Future work will focus more strongly on the mechanisms of smoke
formation and the role of aerosol and particulates in flame radiation.

Smoldering

The objective of this program is to identify and quantify the
phenomena related to smoldering combustion of (porous) solid fuels and
to devise means of quantifying the smolder tendency of materials. Much
of the recent effort has been directed at applied problems.

During the past year the emphasis of this program has shifted from
upholstery materials to blown cellulose insulation. It was demonstrated
that some flame retarded insulation would smolder readily and, in the
presence of a slight draft, could ignite the timbers of a residential
attic. A smoldering test for insulation was developed. It was found
that the amount of inhibitor needed to pass the proposed smoldering and
flaming tests was quite sensitive to the particular cellulose fiber and
method of blending the inhibitor with the fiber. This process vari-
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ability suggests the need for an inexpensive quality control test.
Current work is directed at this.

Associated Grants & Contracts

1. "An Investigation of Fire Impingement on a Horizontal Ceiling,"
G. M. Faeth, Pennsylvania State University.

2. "Fire and Smoke Spread," K. T. Yang, Notre Dame University.

3. "Thermal Radiation of Luminous Flames and Smoke," C. Tien,
University of California/Berkeley.

k. "Investigation of Properties of the Combustion Products Generated
by Building Fires," B. T. Zinn, Georgia Institute of Technology.

5. "A Proposal to Conduct Experimental Studies on Pyrolysis Aerosols
and Fire Detectors," R. Chuan, Brunswick Corporation.

6. "An Experimental Investigation of Flame Spread Over Condensed
Combustibles: Gas Phase Interactions,”" F. Dryer, R. Santoro,
Princeton University.

T. "Fire Modeling," P. Pagni, University of California/Berkeley.

8. "Experimental Study of Environmental and Heat Transfer in a Room
Fire," E. E. Zukoski, California Institute of Technology.

9. "Studies of Flame Extinction in Relationship to Fire Suppression,"”
F. J. Williams, University of California/San Diego.

10. "The Home Fire Project", H. W. Emmons, Harvard University, R.
Friedman, Factory Mutual Research Corporation.

11. "Smoldering Combustion Studies," I. Glassman, Princeton University.

12. "Flame Propagation and Extinction for Solid Fuels," M. Sibulkin,
Brown University.
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PROGRAM FOR TOXICOLOGY OF COMBUSTION PRODUCTS
FIRE SCIENCE DIVISION
CENTER FOR FIRE RESEARCH

Professional Staff

Merritt Birky, Chief

Maya Paabo, Research Chemist
Barbara Levin, Research Biologist
James Brown, Research Chemist
Susan Womble, Chemist

Dolores Malek, Guest Worker/JHU
Alan Stolte, Student Trainee

The goal of the Program for Toxicology of Combustion Products is to
reduce the human loss which results from the inhalation of toxic
combustion products of fires. In support of this goal, the program
is divided into 4 major activities:

1. the development of a test method for the
identification of materials that produce

"unusually" toxic combustiorn products,

2. 1identification of specific toxic species
in a fire environment,

3. identification of materials that contribute
to human losses and

4. identification of toxic degradation products
of polyvinyl chloride.

Test Method Development

A test method for the identification of materials that produce
unusually toxic combustion products has been drafted. The proposed
test procedure involves determining the LCgg (concentration of products
that lead to 50% of animal population being killed) and the ECgg. The
EC5p concentration is based on 507 of the animals losing the avoidance
response as determined by the hind-leg flexure paradigm.
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