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THE HEAT TRANSFER FRCM BUHNIIG FPABRICS

‘ by
H, Wraight, C. T, Webeter and P, H, Thomas

Introduction

. Values of S‘g: vertical flame speed of burning fabrics have been reported
previously (1o2)but there is little data available on how much heat is
transferred to a nearby surface from the burning fabrics, This report desoribes
experiments which have been made-to determine this heat transfer. Apart from
its interest in comneotion with a possible relation between fabrics ard the type
of burn that would be caused by them, this work is of general interest in the
study of heat transfer from flapes,

The heat transfer depends on the properties of the nearby surface, but
provided the material used experimentally is, like skin, effectively a total
absorber of infra-red, no correction need be applied for thermal properties so
long as direct contact between fabric and surface does not occur, This is
because the difference between flame and surface temperatures is large and
convection and radiation transfer will be indspendent of the thermal properties
of the surface, %o apply results to other conditions, allowance for the thermal
properties of the material may be necessary.

™wo experimental methods were used,
' ' Hethod 1

Des on of amtus

The ‘apparatus is shown in Pig, 1, 8% in, (21+6 an) from the upper edge of
an asbestos wood boerd § in, (127 om) thick, 18 4n, (45 co) wide ard 3 £%.(91 on)
high, a £ in, (1.6 om) dlameter hole was drilled in the centre of the board, In
this hole a copper dsc ¥ in, (127 om) diameter amd 1 in, (0,63 om) thick was
inserted centrally in the gap and maintained in position by asbestos fibre pmolking.
The disc temperature could be measured by a sopper-constantan thermocouple attashed
to its rear face, The exposed side of tho Giso was adjusted to be flush with the
surface of the board, '

On the exposed faoe of the board two vertiocal metal strips were fixed parallel
and 6 in, (15.2 cum) apart, Asbestos string was tied horizontally between the
metal strips at 6 in. (15.2 em) intervals so that by interlacing the textile
between the asbestos strings it was held in position at a constant distance of
% in. (1,27 on) from the surface of ths board and the copper diso,

The materdials tested are listed in Table 1.
Experimental method |
Strips of fabrios, 30 in, by 4 in, (76 x 10 cm) were conditioned to 68°F and

65 per cent relative humidity which for cotton fabrics gave a moisture content of
about 5 per cent.

The specimen was hung from the top of the board between the metal strips and
interlaced through the asbestos string, It was ignited over the whole width of
of the bottom edge with a long luminous gas flame, The cutput from the thermo-
couple was recorded contimiously.

BExperimental results

From a direot calibration it was found that the measured temperature had to
be inoreased by 13 per cent to correct for heat loss down the thermocouple wires,

The results of the tests are g.iven in Table 1, The heat dosage recelved by
the disc was calculated from:



. Q =i13 ¢cpt Bcal cn™2

where t = thiclness of GiS9C....vecvrrncesessse0.63 cn ,

) P = density of AISC..evvevvrennennneesssa8.9 oo om=>
C = apecific heat of disc,.vivveevrurnnns 0,10 cal gn=1 °¢c~1
@ = temperature rise as measured by the thermocouple,

The results are shown in Fig. 2 as a curve of heat dosage against weight
per unlit area,

Table 1

Heat Dosage - Method I

Naterial Wéight . Temperature | Corrected Heat
mg om-2 rise of [temperature | dosage
| (ng em=2x 0,295 diso rise cal om~2
= oz,yd-2) °c og Q
Cotton poplin 1.2 25,2
23.2
Av, 24,2 27 .4 15.3
.Cotton poplin with 11.8 30.4
crease resisting 22
Pindsh Av, 26.5 30.0 16.8
Cotton poplin with 14,2 21&,.6
_orease resisting 26,4 . '
| finigh Av, 25,5 ~ 28.8 16.1
Cotton winceyette 15.3 30.4
: 28,1
) Av, 29,2 33.0 18.5
Cotton winceyette 17.6 - 7.5
troated with flams- 552
retordant Av, 6, 7ot 4,0
Cotton winoeyette 17.3 12.4
| ¥reated with flame- 18,0
retardant Av, 15,2 17.2 9.6
"] Visoose (spun) 19.3 37k
2,8
AV. 3501 3901 22.2
Viscose (spun), with 18,7 28,3
‘| phosphate added to 27,0 '
crease resistant Av, 27.6 - .2 17.5
-‘ , :
linen canvas . 3700 6703
§2
i Av, 89, 78.6 4.0
Flox camvas . | 0l vos© |
33
Av.,119 134.5 75.5
Cotton 6.4 16,6
20,7
1
Av.T%% 19.5 10.9
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Method 2

Description of apparatus

Fig., 3 is a diagram of the apparatus which consisted of a sheet iromn pipe
diameter 15+35 cm (6+05 in,) and wall thickness 0205 cm (0.08 in,) standing
Yerolcallg in a concrete baBe The internal depth of the cylinder was 46 cm

181 in, ).

Three 26 S.W.G. constantan wires were soft soldered to the outside of the
pipe 5 cm below the top, spaced at 120° arc from each othexr., A fourth constantan
wire was placed round the inside of the pipe at the same level as the external
wires and soldered at the three points directly opposite the outside wires, The
wires and the pipe then constituted three iron-constantan thermocouples connected
in parallel,

The output from this thermocouple system gave the mean temperature differencs
between the outside and the inside of the wall of the pipe. The response time of
this system was very small, thermal gradients snd heat flow being effectively
proportional to each other in less than 1 sec,

Tests were made with the pipe filled with water to a level of 2 em (0.79 in,)
fram the top. The water was gtirred as shown in Iig., 3 and its temperature
neasured by means of a thermocouple,

"he pipe was surrounded by a cage of vertical 26 S8.V.G. chromel wires
stretched from a perfarated ring at the top to a series of screws in the
concrete base, This cage served as a support for the fabric and it held it
ai a constent distence of 2 cm (0-79 in, ) awvay from the pips, The cage was
encircled by a movable ring of % in, gas pipe with a number of holes in its
inner ‘side to serve for gas Jets., When the gas was lighted it provided a ring
of flame at the base of the fabric which ignited the specimen evenly all round,
The gas 'lame was extinguished immediately the fabric was lighted.

Calibration of the apparatus

In view of the heat conduction loss down the thermocoupnle leads, it was
not possible to use the apparatus absolutely.

The method of celibration consisted of applying heat to the outside of the
pipe for a known time, measuring the temperature difference across the wall of
the pipe with the 1rcn constantan thermocouples and the rise in temperature of
the water in the pipe. Flames from the gas ring were in contact with the pipe
over a depth of water of 3 cm (1+18 in,) and the heat was assumed to enter the
water enly over this depth, The pipe thermocouples were inside this region
and their output was continuously recorded during the application of the ges
flame, A series of tests were made at different gas pressures, The final
steady value of the output from the pipe thermocouples and the maximum value
of the water temperature were measured after the flame hed been epplied for
one minute, These enabled the mean rate of heat supply per unii area to the
water to be calculated,

The value of this rate of heat flow H and the associated output from the
pipe thermocouples are given in Pig. 4 as the best fitting line through 19
points with 95 per cent confidence limits, Within the limits of experimental
error the heat transfer is vroportional to the thermo-e,in.f, The assumption
that heat entered the water over a constent depth of 3 em and that the hsat
transfer as measured by the thermocoupies vias typical of the mean value appears
Justified in view of the calibration being effectively linear bstween thermo-
couple output and water temperature,



Experimental method

Fabrics were conditioned at 70° + 3°F and 61 + 3 per cent relative humidity
which for cotton fabrics gives a moisture content of about 5 per cent, A
sample, size 46 x 61 am (18 x 23 in,) of fabric was hung around the apparatus on
the wire cage, the top edge of the fabric level with the water surface,

The specimen was ignited all round its lower edge by means of the gas
ring, The output from the iron-constantan thermocouple system was continuously
recorded and the test was regarded as over as soon as the output fell to an
ingignificant value, At this stage, the fabric was burnt away except in some
tests when a carbon skeleton remained, The rise in temperature of the water
was noted and this provided a check on the thermocouple system, since integration
of the flux~time curve should ensble an estimate to be made of the rise-in
temperature of fthe watsr,

After each test the pipe was wiped clean and dry and an interval of 30
minutes allowed. Four or six specimens of each fabric were tested,

Experimental results

A summary of the results of the tests are given in Table 2, A mean curve
of the variation'in heat flow with time was plotted for the several specimens
tested of any one fabric and the area A under the heat flux-time curve measured,
to obtain "Q" the total heat passing to the surface, i,e, the heat dosage, The
mean curves for heat transfer against time are shovm in Pigures 5-8,

. Table 2
Heat dosage and maximum rate of heat transfer Method II

: Weight per Mascimum
Fig, No, unit area Heat rate of
Materiali. for heat mg cm~? dosage | heat transfer
Co flux~time | (mg cm~2 x 0-295 nQn cal cn™2 sec™?
curve = 0z,yd~2) H max
Cellulose
materials
Viscose rayon 5 126 07 Q.22
Net C
Viscose reyon 5 245 103 0-28
Net D
Mlslirl 5 30 J+ 20 9 0" 1 8
Cotton Net A 5 Lol 1.1 0. 31
Newspaper 7 55 607 0. 60
Cotton No, 1 6 65 8:7 0-73
" LI 6 78 102 0.75
# "oy 6 13.5 17:2 0. 68
Viscose locknit 7 1525 9.0 0-28
rayon '
Wool mixture
materials
20% Wool 80% 8 1207 15¢5 0.75
Cotton
40% Wool 60% 8 11.8 8.6 0«65
Cotton ’
60% Wool 40% 8 13-8 .2 071
Cotton
100% Wool#® 19.0 - 0.29

Fery irregular burning,
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Within the limits of experimental error no systematic discrepancy was found
between the predicted and the measured rise in temperature of the water, so that
the calibration curve can be regarded as satisfactory,

The heat dosage, measured by method II is plotted against weight per unit
area in Figure 2, together with the results obtained by Method I.

Heat transfer

After the fabric is ignited the flame increases in size end the heat transfer
rate increases up to the time when the thermocouples are passed by the base of
the flame, The curves for heat transfer ageinst time, Figs. 5 - 8, show a peak
corresponding to the point at which the base of the flames passes the thermocouple,
There is a rapid rise up to the peak value followed by cooling.

With the light fabrics such as nets; the peak in the curve appears soon after
they are 1it but with heavier textiles the peak is preceded by a shoulder, This
is presumed to be because the flames reached a limiting size before passing the
thermocouples, This is particulariy noticeable with the wool-cotton mixtures,
whereas with the faster burning light weight materials an equilibrium flame speed
may not have been reached, The viscose locknit rayon gave a low maximum heat
transfer which appeared to be associated with a smaller volume of flame compared
with the other fabrics.

For celluljogic materials the time to burn unit length is directly proporticnal
to the weight (1), If the time from ignition to the appearsnce of the peak on
the curves is regarded as the time to burn unit length then the curve fer weight
against time to peak should be a straight line, This is shown in PFig. 9 to be so
for the cellulosic materials as a group.

From Fig. 2 it may be seen that heat dosage is proportional to weight per
unit area, though the nets and muslin do not evolve so much heat for their
weight compared with the other fabrics, The distribution of points shows good
agreement between the two experimental methods of measurement of heat dosage,
The heat transferred amounts to about 1°2 cal/em? for every mg/cm? (0-3 oz/yd2)
of fabric., This corresponds to & rate of heat transfer of 1,200 cal/g of
fabric burnt, In other words, about one-third of the heat of cambustion is
transferred to the surface,

Fig, 10 shows the maximum velue of the heat flux, Relations of
proportionality between weight per unit area and time to peak heat flux and
also between weight per unit area and total dosage imply that so long as the
shapes of the flux-time curves are the same, the peak heat flux is independent
of the weight per unit area. This is so for all the materials tested, except
the four nets and the locknit rayom, these materials producing a significantly
lower heat dosage than would be expected from their weight,

The maximum hia.t flux is approximately Q-7 cal cn~2 sec!, This agrees
with other data (3), -

Wool=-Cotton Mixture

At the end of Table 1 there are some results for wool and wool-cotton
mixtures, these tests were made to see if the heat transfer from burning wool
was different from that of cellulosic materials, but the results show no
difference between the two types of fabric, see Figure 2, Although burning
around the pipe was not always even for any material, it appeared to be less so
for wool then for cotton, *

’
»

\
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Fabries treated with flame retardant

Two of the treated fabrics gave a significantly lower heat dosage than
vntreated cotton, This may be contrasted with the behaviour of wmtreated
matexrials, The heavier they ares the slower they burn, but the grester the
heat dozage,

e e A T e S A o e . et

Flame resigtance rating is directly propoartional to weight for cellulosic
meteriala (1), (2), It follows that heat dosage is generally proporticnal to
filame resistance rating, with the exception of very light weight materials, and
& scale of flame resistance rating parsllel to the weight axis is drawm in
Pigure 2,

Buzns

It is shown in Figure 9 that the time {0 pesk intensity is proportional. *+no
weight per wunit ares, and in Pignre 2 that h2at dosage is proportional to welght,
Figure 11 is a curye for heat dozage againsh time, this is compared with curves
of heat dosage againat exposure time gor coagulation burns (Hinshaw et a..,) {a)
and for unbearable pain (Buettnax; The line denoting the heat oukpat £rom
fabrics i# always sbove the l*mlt.mg curve {or burns except for fabrics having
a weight of about § oz/yaZ {5/,

It should be mentioned that whereas the curve of heat output from buxrning
fabrics is approximately triangnlar in shape with respect to time; the
experiments of Buetimer and Hinshaw were conducted with square pulse radiation;
the effect of this would be {o reduce the amount of heat from the fabric
required to produce a given degree of damage., The figure of %, oz/yd2 may,
therefore, be optimistic,

Conclusions

The heat transfer tc a nearty surface by burning fabrics is about ome-
third of' thelr calorific wvalue, no marked differences being observed between
wool and cotbon. N

The heat dosage, although increasing with the we:i.ght of the fabric, is =ven
for normal light weight fabrics cons;derably above the minimum value that will
cause severe bhurns,

The maximun heat flux from-the flames to the surface is abont
Co7 cal an2 g1,
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