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MATERIALS SUITABLE ~'()R CLC/I'HIl'!G,AIRCRAFT FIR~ CRASH Rl.""3CUE WORKERS
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PART VI. '~'HE EFFECT I.F ViATER ON I-'ROT)~C~'ION

by

D. L. Simms end G. C. Karas

1... 'Introduction

, 'The ,previous inv'fst i~atii:ms iuto protective c1~thing for fire
crash rcscue workers ,1, ,,3,4, J) have been carr1ed out at normal
moisture ,contents. This paper describcs cxperiments to investigate
the effect of variation III moisture content upon the protection

,afforded by the principal materials used for protective clothing.

The ,moisture content of clothing depends upon the local temperature
and relative humidity: these depend upon the temperature and relative

',hmd.dity of the atmosphere and on the rate of perspiration of the
wearer. In these experiments, different levels of ,moisture content
were obtained by first drying and tl)en conditioning the c'lothing at
different relative humidities at approximately one temperature. In
practice the moisture contents of the different components of a· clothing
assembly are not the same; some values of the regain or the ratio of

. tl18 Vie·ight of -bhe condi tionedmateria1 to its dry weight are given iri
Tabl" I.

Table I

Relative Humidity 60;& 98'i6

Matcria1 Hcgoin

Cotton per cent per cent
12 174..

'Gabcrdine' 801& wool
20% cotton (waterproofed) 7·5 23

Fearnought 31 188

Wool pile 5~2 136

Open mcsh fabric 4·6 .215..
, .

.

A valUAble rethod 9f a'ffording':. ;elief to a rescue worker is to
k""p his clothing wet (6) while .exposed to,fiTe.'Ex;perimcnts were
~;h·".'cfore made to test whether. under such condi t;ions .there was a
,in~1£:er 'of scalding from the conver-s fon .of the water into steam.

'. : . '.'r: ." .
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2. Experimental Procedure and Results

The materials tested are listed ~. Table II.

Table II.

I

Purpose Description Appearance lU'.R.O. Thickness Vreight per
ref. No. nun unit area

, .'
g/cm2

Aluminised Asbestos R.165 1· 3 0·10
Aluminised cotton R.166 1 .1 0'05
Fearnought ( woof,

Outer not flameproofed or
Materials water pr-oof'ed , } white R.154 2·9 0'08

Lasting cloth (wool
not flameproofed). white R.178 1 .9 0'06
Asbestos' cloth. yihite ' R. 179 1'2 0'08

-_.
Inter- 'Wool pile (cotton
lining backed). white R.177 4·0 0'045

Open mesh fabric

I
(cotton). white R.148 5·1 0- 05

I
Lining Cotton poplin off white R.119 0'45 0'025

I
I
!

, The assemblies were conditioned to equilibrium viith atmospheres
,at four different humidities; .o;ven dried, 38 per 'cent relative humidity
at 240C" 60 per. cent at 220C and 98 per cent at 2500.

2.1. Moisture content experiments

. 'TOe' flame test described in detail elsewhere was used for these
tes';;s (2). As only compar-at ive tests were required the horsemeat in
.' . 1
the te~t assembly was replaced by two 2 in. thick asbestos blocks, a
less v ar-Inb Ie-rnabez-La'L, The outer' face of the fabric was exposed to
petrol, flames and the temperature of the surface of the block at the
back of the assembly was measured, by means of a copper disc t in. in
di~meter end 0.08 in. thick, having a 38 s.w.g. copper constantan
thenHocouple attached to it. The time taken for the surface of the
block to rise by 2500 was noted. 'r'"

The results of these tests are shown in Figure 1.

2.2. Wetting Do\vn Tests

As in this series of tests, a stream, of Y,ater was- ~o be applied
, directly to~he test spccimcn and the dan~er:of free wa~er falling into
burn~ng petrol had to be avo~ded, the'rad~at~on test \2"was used.
The .apparatus is illustrated in'Plates ,I and, II" water W1S applied from
a batswing burner ',(re9tengular opening ,1 rom x 2 nm) at ti.e rate of
750 ml/min(0.17 inm. go LLons per minute). The ,velocity of impingement
V!~s approximately' 2'5 in./sec •. , ··.The water; emerged from t'~e nozzle in a
t~·1,:.ngular sheet striking the cloth along a horizontal l:ne 3'5 em wide
at an angle of 1350 to the downward vertical" The experiments were
carried out in front of a panel at intensities of radiatim of
2 yl/cm2 and 4 w/cm2•
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The water was turned on when the temperature of the lining had
reached 250C. This would be about as high a temperature rise as could
be tolerated by fire fighters. The' jet, Vias allowed to play for five
seconds and a temperature-time record taken~,..

The'experiments were repeated with a P;V.C. sheet (0·012 cm thick)
:'nterposed between the outer garment and the interlininr'. This wou.Id
ncrma Llv not contribute significantly to' the fhe rma L protection and was
used to find the effect of impermnbility.

It was found that usual~. over and above the normal temperature
time curve there was a sharp rise in temperature when the water struck
the clothing. There was no extra temperature rise for Fearnought nor
for any assembly with a P.V.C. sheet interlining. Typical results arc
shown in'}'ig. 3.

3.' D'iseussion of results

(Kling to the difference between the thermal properties of horsemeat
an'! .asbcsf.cc wood, the protection times given in this paper are not
dL'8ctly conpar-ab Le with those given prf"viously...,

With hor.s-''::·p~,:·~~·~ tile p:·~·ot8ction tin~~s ":.:ou~_d be about one quarter
gr-eatez- than the values quoted.

3~1. The effect of moisture content on protection time

,As' the' moisture content increases
decreases before increa~ing (Fig; 1).
be' 'as much as 50, per cent of' its value

fr~n zero, the protection first
The'ehanges in protection may

for oven dry. clothing.

'l'he dependence of protection time upon moisture' content may be
interpreted'in terms of, the thermal properties of th~' materials.' . ,
(Appendix). The' additiori of',moisture, increases.the 'thermal eoriductivity
of the mnterials; which.tends to shorten the time for heat to penetrate
to the rear surface of the assemb~ TIhilst at the same time it increases
the thermal capncity, which t.ends to lengthen the, time ,for heat; to
penc t rct.e , The ratio of these quarrt Lt Les is the thermal diffusivity k.
In transiertt conduction pr ob Lems the time. usua l.Ly .a.. -pe ars ,.in' the 'form

'kt I and ic is therefore a measure of the time 'scaLei, .:' The variat ion in
'c;',')~"'31 d'iffusivity' of a material with moisture content may be
"":,cul,,ted appr-oxdmabeIy and the shape of the .curve relating the
r2~~prccal of diffusivity and moisture content is shown in Fig. 2; it
ic s irni.Lar- to Fig, '1. There may.be some additional effects, due to
migration of moisture and evaporation of water .vapour. '.

3.2. Wetting down experiments

With as~mblies other than the one including a layer of p.v.c. the
temperature rose sudden~ when mater was applied. Since the temperature
riee, when it occurs, is very rapid it is not due to conducted heat.
Its absevce when a p.v.e. lining is present s uggcs t s that it is a
result 0; ~he passa~e of steam fo~ed in the outer layers of the clothing,
and exp1'!ldlng both lmvards and r-ad.ia Lly through the air spaces in the
clothi;:g.

'rhe greater rise in temperature with asbestos cloth compared with
lasting cloth is presumably a consequence of its greater "wettability".

'{;,"n clothing containing moisture is exposed to heat the formaticn
of c'oo,,,,r, appears to play no part in the h at transfer to the rear
s,"l"fc()G of the aa semb.ly, the effect of thermal capacity of water being
lJ:.~e\·::~ii17_!1~nt. There is, however, a danger of scalding if water comes
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.suddenlj' ' in' contact with outer clothing at t emper-etures above 1000C as steam
may be formed' which can' produce suddenvincrecsc s of t emperatur o at the
rear surface of the clothing. The hazard incrcaseswith the wettability

'cf'the fabric though a closely woven fabric,would be less dangerous than
a similar open weave one. An impermeable membrane would eliminate thc
danger though it might not ,be practical for'physiological reasons.

;::e -,'later 'is to be used 'to protect a f i.r-eman it should be used to
Y;e1; down before he enters the fire. 1'0 wet down after his clothing is
hot, could be dangerous.
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Appendix

Variation of thermal diffusivity with moisture content.

The thermal diffusivity k .is defined as K/pc.

where K is the thermal conductivity,

Fis the density>

and c is the specific heat of the material.

The thermol diffusivity of a mixture may be calculated by the
methods of mixture, assuming no chemical change occu..'s during mixing.
The srJelling of textile fibres when moisture is added is neglected.
It is probable that the specific i)eat of textile changes in a similar
way to the specific heat of wood t7) but the effect has been neglected
as secondary,.

If n is the regain and the suffixes 1, 2 and 3 refer to the
textile, and water and the final mixture respectively then the
relations for three properties may be written

K
3 = (1 - n ) K1 + n K2

h = (1 n )p1 + n

c3 = (1 - n )n1 + n

The specific heat and density of water are unity•

•
•• =

"

'f

The variation of thermal diffusivity for one material is shewn
in Figure 2.

ERR



PLATE. I. THE APPLICATION OF WATER SPRAY
TO ASBESTOS CLOTH
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PLATE.2. THE APPLICATION OF WATER. SPRAY
TO LASTING CLOTH
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