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enough for general fire prediction. When solved on a computer, however, the
predictions are beginning to be in acceptable agreement with our former full
scale bedroom tests.

Sub-routines of greater precision and generality are being prepared and used
and will be further tested by predicting before the actual burns, the full
scale fires to be run this summer.

The Computer Fire Code has been devised in such a way that anyone - anywhere

can prepare a subprogram for some module which will run with the main program
without having to rewrite any other subprogram. The program needs further -
development and we would welcome the participation of others in subprogram ;

development. :

(3) The Modeling of Fires in an Enclosure ' .
(3.1) Pressure Modeling of Fire Growth in Enclosures- R. L. Alpert

Precise measurements of the radiative properties of PMMA flames at elevated
pressures are currently being obtained to investigate the practicality of
pressure modeling radiation-dominated fires. Both narrow angle (radiance)
and wide angle (irradiance) instruments have been used with simultaneous
burning-rate measurements at ambient pressures from 14 to 28 atmospheres.
Preliminary results of the irradiance measurements for a 12.7-cm-high wall
show that the radiant fraction, X, is from 22% to 28%, compared to about 33%
for a 360-cm-high wall at one atmosphere. Radiance measurements at angles of
incidence of 0° (wall normal to radiometer axis) and 60° yield calculated
flame temperatures of about 1500K, compared to a 1400-K-flame temperature at
1 atm. These results, which are self-consistent, will be further refined with
additional measurements at 0°, 30° and 75° angles of incidence.

(3.2) Modeiing;of Enclogsure Fires at Atmogspheric Pressure - P. A. Croce

After a demonstration of the usefulness of this modeling method for quasi-
steady crib fires within an enclosure, the method has been applied to tranmsient,
non-spreading fires using PMMA slabs as the primary fuel. Geometrically

similar full-and quarter-scale enclosures were utilized, with ventilation
provided through a doorway-like opening; doorway width was a parameter.
Quantities such as burning rate (weight loss), gas and wall temperatures, gas
species concentrations and radiation escaping through the opening were monitored
continuously during a test. General overall agreement was obtained between
large-and small-scale results. Currently, the method is being applied to -
spreading transient enclosure fires, using foamed polyurethane as the primary fuel.

(4) Radiation from Flames and Smoke Layers -~ G. H. Markstein

Studies of fire radiation have concentrated on two areas: (1) measurements of
radiative properties of plastics fires and (2) measurements on smoke layers.
Both studies are performed with equipment of intermediate scale so that results
applicable to full-scale tests can be obtained.

In the work on plastics fires, narrow-beam radiometry with blackbody background
combined with photographic determination of flame geometry has been used for
characterizing steady pool fires of various materials by their radiation
temperature Tf and their absorption coefficient e Recently, the method has
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~ been extended to charring plastics that camnot support a steady pool fire, by

working instead with fires spreading over elongated rectangular fuel beds.
Measurements performed b{ this technique on a polyurethane foam gave results
= 1400 °K, 0_ = 1.3m™1) close to those obtained earlier with polymethyl-
ghacrylate pool fires.

In the smoke layer study, measurements are performed on the combustion products
of plasties pool fires flowing along a 0.6 m wide, 0.6 m deep and 3.6 m long
channel open at the bottom. The gnstrumentation includes one absorption meter
employing a blackbody source (600 C) and one with an infrared-emitting diode
source, a flow velocity probe and a thermocouple arranged for vertical traverse
in’ the channel, a probe for sampling particulate products, and mass loss
measurement of the pool fire. This study not only will provide data to be used
in the analysis of full-scale tests, but the absorption meters also serve as
prototypes of devices incorporated in the current FMRC full-scale test program.

Continuatioﬁ'of these studies, and development of a method for two-dimensional
scanning of fire radiance is planned.

(5) The Effect of Radiation on Ignition and Fire Spread -A.C. Fernandez-Pello,
J. Backovsky

Upward flame spread velocity over vertical sheets of Polymethylmethacrylate (PMMA)
and downward flame spread velocity over vertical sheets of PMMA, Filter Paper and
White Pine wood were measured undir the influence of externally applied radiant
fluxes ranging from 0 to 2.0 w/cm®“. The flame spread rate was found to be
dependent on the surface temperature of the fuel prior to flame arrival. For both
modes of fire spread a power law correlation exists between the flame spread
velocity and the difference between the vaporization temperature of the fuel and
its. surface temperature prior to flame arrival. An approximated theoretical model
for upward laminar flame spread was developed and present theoretical models for
downward flame spread were extended to account for the additional effect of
external radiation. It is shown that the predictions of the theoretical models
agree qualitatively with the experimental observationms.

The theory of free convective burning under external radiation has been developed
in various degrees of approximation. A careful study is being made of these and
more exact theories of steady, laminar, free convective burning of a vertical fuel
surface including fuel surface and flame radiative properties. The degree to

which gimilarity solutions can be found is being examined.

(6) The Heat of Combustion of Smoke - Kun Min

A catalytic sensor in the form of a heated platinum wire is being tested to
measure the heat of combustion of smoke generated in a fire.

Calibration of the sensor with different fuel gases shows that its sensitivity,
defined as the ratio of the sensor output to the heat of combustion per unit
volume of the fuel-air mixture, varies by a factor of about two. Effort is being
made to design a sensor with less variation in sensitivity.

In preparation for its use in the forthcoming full scale fire tests, the sensor
was tested with gases from a small enclosure fire - a crib fire inside a 6"x6"x6"
enclosure with a door opening. Tests showed that the sensor responds negatively
to the moisture produced by the fire. This behavior is presently under study.
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The fuel gases in smoke are measured by removing the particles by a filter.
However some low accuracy dafa on the heat of reaction of the particles per
unit volume of smoke is obtainable by measuring the whole smoke with an open
wire and then the filtered smoke with a second wire. A first use of such a
combined instrument will be made in the full scale tests- this summer.

(7) Extinguishment -~ P. M. Bhagat

The top end of a vertically positioned charcoal cylinder is burnt in a stagnation

air flow. Water is introduced into the air stream by injecting steam upstream of
the air blower and by spraying water at a point just downstream of the blower.
This method permits close control and accurate measurements of the amount of
moisture introduced. Several experiments were conducted to measure the moisture

~content in the airstream, and the rate of water being deposited on the stagnation

plane, for various air and water flow rates. The heat transfer coefficient at
the stagnation plane was measured for various conditions.

Tests were run to determine the burning characteristics of charcoal for various

air and water flow rates. A very small amount of liquid water causes an increase

in burning rate by the removal of the ash which normally adheres for a while on
the burning surface. An analytical model was developed in an attempt to under-
stand the ash removal mechanism. Ash is also blown off more easily if the fire
crosses the grain from the center of the tree outward rather than inward;
suggesting a ring structure which inhibits inward burning.

Experiments have been conducted in the water flow range where extinguishment
occurs at the edges and the extinguished zone encroaches on the burning regionm,
leading to total extinguishment.

At present, the burning data for various air and water flow rates is being
analyzed.

Special Test Burns of Mattress and Bedclothes - R. Land

Our full scale testa begin with fire on the bed. The growth of the fire on
bedding 1s sensitive to many parameters. If the ignition technique is not
controlled carefully, a large uncertainty in starting time for the burn results.
In comparison with dry tests (40Z RH), when the bedding has been subjected to
high relative humidity before the test, the rate of spread and mass pyrolized
is reduced by about one-third and the foam has less char on its surface after
extinguishment. Lab tests under dry conditions produced results similar to
early data in the full scale bedroom test of 1975.

A Special Semnior Project - The Breaking of Window Glass by Fire - P. Barth
and H. T. Sung

Windows are usually broken in a fire. Uneven heating, sudden cooling by water,
or some mechanical event 1s sufficient and one gets the impression that the
breaking is a random event. When heated by radiation, free standing small glass
sheets 3" x 3" to 6" x 6" break only at high heating rates. If the edge of the
glass i1s shielded from the radiation (as when installed in a window frame) they
break easier but reproducibly inm a time which depends upon the radiation
intensity and the size of the glass sheet. The break always starts at an edge
away from the corners, never in the middle. The stress relieving crack moves,

at very high speed, through the cool edge then divides into two (or sometimes
more) cracks, two of which run along the hot-cool boundary for some distance

before turning up symmetrically through the main sheet. At a heating rate of
.1 watt/cm? the break occurs at 1 minute.
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Project Summary:

The objective of the study is to determine the effectiveness of various
fire alarm and evacuation systems in nursing homes. The initial problem is
determining the noise levels in nursing homes and the signal characteristics
of existing alarm systems. Information is desired on the attenuation char-
acteristics of the room, corridors, and area ways as well as the response of
the patients and staff to fire alarms.

Objective measures of sound intensity and spectral distribution’ are
obtained by recording information at the site and processing the material
later with a third octave band analyzer. Complete descriptions of the
recording and sound source and the configuration of the building are obtained
plus photographic records. Staff responses to fire alarms are recorded by
questionnaires. :

Progress Report:

A substantial amount of information has been obtained from a complete
range of nursing homes. Preliminary evaluations have been performed and data
collection is being completed.

\

Accomplishments:

A satisfactory method of reliably obtaining noise/fire alarm sound
measurements in nursing homes and its evaluation has been achieved. Methods
for obtaining access to nursing homes and the performance of fire alarm tests
and drills have been developed. Some speC1f1c problems with existing fire
alarm systems have been identified.

Potential Applications:

Improved fire alarm systems will improve communications during actual
fires, substantially reduce stress and confusion during drills and fires,
and improve human responses to fire alarms.

., Future Milestones:

Summarize questionnaire and objective data to identify improved fire
alarm characteristics. 68







