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Abstract

A report of preliminary-exploratory studies is pre-
sented of the heat transfer dosage likely to be received by
a substrate when exposed to burning plastics and textiles.
Two spacing positions of specimen and substrate were inves-
tigated 5/16 in. and 1 in. Four different positions with
respect to horizontal orientation of the specimen were
explored and seven different specimen materials were tested.
The results suggest that single drips from a polyethylene
film will provide sufficient thermal dosage to cause third
degree burns. There is evidence that for the closer spacing
the major portion of the thermal dosage takes place through
gas and vapor convection and condensation. At the larger
spacing radiation plays an important heat transfer role and
may account for as much as 40 to 50% of the thermal dosage.
It is shown that light fabrics, may when burned, result in
disproportionally large (on a weight basis) thermal dosage.




Introduction

In reference 1 the writer argued that since the meagre
loss information available shows that most burn injuries
involve people who are wearing traditional clothing; there is
little that can be done,short of a drastic change in cloth-
ing flammability, with confidence . that it would reduce the
burn injury record. This contention was made in the light
of seriously inadequate statistical information on the nature
of clothing or fabrics associated with burn injuries. It was
suggested, however, that there was one exception to this
generalization. This was based on the possibility that
through laboratory experiment jt could be shown that certain .
textile or film materials, because of their burning behavior,
resulted in significantly more severe heat transfer to the
substrate than other materials., It seemed likely that even
relatively simple laboratory experiments might be used to
shed light on the contention of the medical service that
thermoplastic materials when burning caused more severe and
damaging burns than cellulosic or non thermoplastic materials.

The experiments described in this paper were performed
with the objective of determining whether laboratory measure-
ments could be used to show differences in thermal exposure
of substrate when such fabrics were burned. The results
have not been conclusive although several interesting fea-
tures associated with the burn injury hazard have been
demonstrated. The results are reported for what they may
be worth in guiding direction of future work in this impor-
tant field.

Prior Work

The work of Webster, Wraight, and Thomas reference 2
had shown that heat transfer from burning fabricsy of even
the lightest weight commonly used, would in many cases be.
sufficient to cause serious burn injuries. The workers
also showed that the measured heat transfer was for many
fabrics simply a function of specimen weight per unit area.

Dr. Sandholzer with equipment similar to that des-
cribed by the British performed tests on a variety of
fabrics burned in the vertical position. In these measure-
ments the spacing of fabric from the substrate was varied
from about 1/4 to 2 inches. Some results of these studies
are shown in figure 1 where calorimeter temperature rise
is plotted against fabric spacing from the substrate. It
will be noted that for the specimens studied, 30 in. length
by 4 in. width, the critical. spacing was about 3/4 in. At
this spacing the heat transfer reaches a maximum value.
Closer spacing results in choked combustion between.fabric
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5. ‘The time constant of the calorimeter should
be very long, preferably in the range of
minutes.

The compromise selected was to use simple bar type
calorimeter plates of known heat capacity. Thermo junc-
tions being placed on their back face and the assembly
being supported on a plastic block in such a manner that
heat loss through conduction was not excessive. Copper
was used for these plates whose dimensions were 1/2 x 1/2 x
1/16 in. The 1/2 x 1/2 surface was exposed, eight plates
being arranged in a line. Preliminary experiments showed
the desireability of making heat measurements in such a
manner that the contribution of radiant transfer to the
process could be measured. For this purpose one half of
the plates were blackened to produce a high absorptivity
while the other half were gold plated for the purpose of
rejection of the radiant heat component. The assembly of
these plates was mounted in an opening formed in an
asbestos cement plate of 10 x 18 x 1/8 in dimensions. The
assembly is shown in figure 3. The calorimeter mosaic sur-
face was arranged cross axial to the specimen and about
.035 in. above the surface of the asbestos cement plate.

A line of No. 6-32 screws of 1 1/2 inch length were placed
with the threaded ends uppermost along the length of the
plate and separated 6 in. apart. These screws formed a
support structure for a fine wire grid used for support of
the specimen above the plate and calorimeter during the
experiments. The grid used was formed by laying a spacer
of the desired dimensions on either side of the screws and
winding 0.0005 in. nichrome wire alternatively between the
different lines of screws. The thread grooves served as an
effective means for maintaining the desired spacing bet-
ween the wire grid and the substrate. This assembly of
cement asbestos substrate, calorimeter mosaic, and specimen
support assembly will be referred to in later disgussion

as the "'test rig". This device was supported in the open
above a bench on a horizontal bar located about 5 inches
from one end, while blocks were used at the other end to
permit varying the inclination with respect to a horizontal
position. :

Heat content changes of the individual calorimeter
bars were measured by noting emf changes developed by the
various thermocouples. Since 8 of these elemcnts were used
in the test rig a simple telephone-relay type scanning device
was assembled to record the data developed. This device was
assembled in such a way that the cold junction of the thermo-
couple, was thermally insulated and held nearly constant
at room temperature. Scanning was arranged at the rate of



onc change per second. A jack board was assembled to per-
mit flexibility in the scanning order selected. For many
tests the scanning order was arranged to alternate between
gold and blackened calorimeter bars. The sequence was
started with the two centrally located bars and worked out
to the two lateral elements. In other experiments con-
tinuous records were made of the emf output of two selected
bars usually the two central ones, gold and black surfaced.

Experimental Procedure

Preliminary experiments were performed by burning .
fabrics on the test rig in a general purpose laboratory
module at Gaithersburg. It was soon observed that draft
conditions were intolerable even when using a hood the
flow through which could be diverted. Because of this the
work was moved to a laboratory without the benefit of a
continuous ventilation system. In most cases no heating
was used as a further precaution against unwanted air
circulation. Ambient temperatures during the period of
testing were in the approximate range of 60 to 75°F.

The specimens selected for study, Table 1, included four
woven textiles and three plastic films. The weight varied
from 1.1 oz/yd2 to 6.4 oz/yd2. Strips of these materials
of Z in width and 10 to 12 in length were prepared and
conditioned in a drum fitted with a fan and open tray with
a solution of sodium nitrite in water in the presence of
excess salt. Such an arrangement is reported as capable
of stabilizing humidity of the air contained at 66% RH.

In most instances during the series of tests conditions
in the drum were found to vary from 63 to 66% RH. VWhile
‘detailed records werc not kept of the room humidity and
temperature condition the few measurements made suggest
that these were usually in the range of 60-75°F afld 40 to
60% RH.

Each experiment was run by removing a conditioned
specimen from the drum laying it on the wire grid of the
test rig in such a way that it was centered laterally over
the calorimeter mosaic with about 3 inches extending above
the mosaic. In this way a 7 to 9 inch length could be
involved in the burning process prior to reaching the
calorimeter. A 0.030 x 0.50 in. stainless steel strip was
then laid to cover about 1/4 inch of the specimen along each
edge. This strip served two purposes it eliminated the rapid
propogation of fire along the edge of the specimen and
also served to define a 1 1/2 in fixed width of the speci-
men for the burn tests. A further benefit derived from




these strips was the prevention of specimen movement dur-
ing the test. In some instances previous experiments had
shown that such strips would roll up during the burning
process. ,

The recording and scanning equipment was started and
the lower edge of the specimen was ignited with a kitchen
match. The progress of the leading edge of the flame on
the fabric was observed at 3 or 4 station both visually
and with 4 additional thermojunctions that were located on
the centerline at 3 in. intervals and just below the speci-
men surface. These junctions were connected in series
and in alternating polarity and recorded on one channel of
the dual channel recorder. Observations and notes were
made on the recorder charts of the character of burning
and other information of special interest in connection i
with each test. Special attention was given to the manner
in which the flame passed the colorimeter mosaic.

Experiments of this type were repeated for each of
two grid spacings above the calorimeter plate 5/16 and 1 in,
each specimen type, and four test rig angles these included
0°, 4°, 10° and 30°. Although in many instances only a
single test was run for a given set of conditions in numer-
ous cases multiple tests were performed to better define
specimen behavior. In all, a total of 115 burn experiments
were performed.

Experimental Results

Table I presents information on some properties of the
materials tested. These materials were secured from the
Flammable Fabrics Section and supplies of some of them are
still available.

Figures 4, 5, 6 and 7 provide heat transfer data for
both 5/16 and 1 in spacing at 0° and 30° inclination
respectively. The data plotted here are for mosaic elements
either black or gold surfaced adjacent to each other and
the centerline of the fabric. Notice that neither the
blanket nor vinyl material would propogate fire in the
horizontal position and 5/16 spacing arrangement.

‘Figures 8 and 9 provide an indication of the influence
of test rig inclination on the heat dosage resulting from
burning both the blanket and print material at a spacing
of 5/16 in. Note that the blanket material would not burn
continuously for either the 0° and 4° position.




