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MATERIALS SUITABLE FDR CLOTHING AIRCRAFT FIRE CRASH RESCUE WORKERS

PART X. THE 'EFFECT OF WATER ON CLOTHING

by

Do t, Simms and P, L, Hinkley

1 , Introduotion

" Previous investigations ( 1 ) into the proteotion af'for-ded by olothing for
airoraft fire crash rescue workers have 'been carried out at moisture contents
found in the laboratory 0 In practioe, the moisture content mail' be very
diff()rent as the clothing may be. worn in differulg climates or' it may be wet
with rain.

The water content of clothilJg could influence the protection given by:.'

(a) the coolilJg effect of' the evaporation of water from the surface:

(b) the heat transfer through the clothing due to the inward difI"usion
hot vapour:

(0) the change of the thermal proper-td.es of clothing materials; the
thermal resistance may be reduced and the thernal capacity will
be Lncreased ,

,,:',

v

, The relative importance of th,ese effects is likeli\' to w:ry accordilJg to the
severity and duration of the exposure, This report describes experiments to
determine the effect of the moisture content on the protection afforded b;>'
clothing against ra~ant heat and agadnsf flame licks under the same conditions
as previous work ~ 'I ) o( 'rhis hae led to the modification of some of the conclusions
of an earlier report 2). and the assumption that the :results of the flame tests
were applicable to the radiation tests has been shown to be Lncor-recb ,

A rescue worker may be wetted down after his clothing has become hot, for
instance, it is common practice to "ret down a man who has become overneated in
order to provide relief. 'but because a large volume of steam mllY 'be produced
rapidly if the clothing is above 10000, experiments vreTe carr.:i~;d cut to find
whether this could penetrate the olothing and scald the wearer"

Some of these experiments were :repeated with a. thin polythene' laye,r
interposed 'between the outer garments and the interli,ningo Tm.s was thin enough
not to have a significant effect on the protection gi'ven 'by a (try assembli\' bit
it provided a barrier to heat transfer by diffusion of '\'16.ter or water vapour-
and thus made it possible to 6:emonstrate the imporlance of this effect upon thf.;
proteotion afforded by wet garaenss ,

2 0 ;§::eperimenta.:L;g,rocedu're~ resuUs

~teria1s used in .~riments

The materiaJ,s used are listed in table 'I.



TABLE I

... -
Part of .

We~ht per
olothing Descripti.on Surfaoe J.F;R.O. Th;i.ckness unit area
assembJ.y col.our- ~f~ no , rom f!lcm2

Outer All1:adnised asbestos alUlllinium R.'16.5 1.3 0.10
materials Alumini.sed cotton a.luminium R..166 0~4. 0.05

Fearnought (wool.
not flameproofed or
water proofed). - white R.154- 2.9 0,,08
Lastillg cloth (wool,
not flameproofed). white R.i7S 1.1 0.05
Asbestos cloth white R..179 1.e.3 0.08

Inter- Wool pUe (ootton
lining backed). white R.177 4..0 0.04-5

Open mesh fabrio
(cotton) white R. i4.8 3.0 0.05
Polythene tra.nsparent R.24.9 0.04- 0.0035

Lining Cotton popUn cream R.'14.7 0.01 0.012

--
2.2. Conditioning of assemblie:!?,

Assemblies were tested in all the :f'ol.low'i.ng conditions:=

(a) Oven dry

(b) Wet

(0) Normal

AJ.1. materials OITen dried.

All materiaJ.s soaked, in water eontadrring a little w'etting .
agent rinsed in clean water and wrung out. This resulted.
in a moisture content of -the o:rn.er of 100 per' cent • of dry
weight. . .

AJJ. mater.ia1.s oondatdoned in an oven at 4.o~60 per cent.
humidity and about 25°0 for 24. hours resul·ting in a
moisture oontent of the order of '10 per oent , The

. moisture content was determined bywei.ghilJg.

r ...

2.3. Experiment on the effect of moisture on pro~ll2!!

2.3.1. Flame tests

Detai:ls of the expe,rimental 'lJlethod have been deSCribed~r6viOUsly(3)
except that in these experiments the 'backing materiaJ.. was a. '2 in. tlrl,Ok .
pieoe of asbestos wood whioh is more convenient 1;'0 use than the norse­
meat used previously. Compara.tive e:x:periments show t,p.at the proteotion
times obtained uS:UJg asbestos wood are 2/3 of those obtained using
horsemeat. The tempe:mt'l1xe of the surlace of the asbestos wood in -t

contaot with the back-of the assembly was measured by a 38 s.w.g.
oopper--cons'tarrban thermocouple soldered to a oopper d.isk ~ in. in
diameter. I'he front face of the assembly was exposed to fLames from 'v

a small petrol fire and the time ta1ren for the surface of the asbestos
wood to rise :in temperature by 2500 was noted. Tests were carried out'
on a rn:un:ber of assemblies with and without moisture be,rriers iI. the
oven dry. normal and viet conditions. ..

The resu.1.ts axe shown in Figs. 1a, 1b s. and 2.
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2 03.2. Radiation tests

The radiation test (3) was similar to the flame test except trot
the front face of the assemlily was exposed to radiation approximately
oharacteristic of a blaok bod,y at .10000K at an intensity of
0.5 oaJ. cm-2s-1• This VIaS provided either by an electr:L~ heatez- or a
gas fired radiant panel. Experiments were carried out on two assemblies
both with and without a moisture barrier in the oven dry, normal and wet
oonditions,the results being shown in Figs. 113. and fb ,

2.3.3. Wetting down tests

The radiation test was used for these experiments which were
carried out on oven dry a.ssemblies with and without a moisture barrier
at intensities of rad.:iAtion of 0.5 cal cm-2s-1 and 1 cal cm-2s-1. When
the temperature of the sur.f'ace of the asbestos wood rose by 250 C a spray
of water was applied to the outer- face of the clothing from 0, batSYring
burner at the rate of 750 mJ/mln. (plate I).

With some materiaJ.s v but not with feo:rnought nor any assembly with
a moisture barrier. there was often a sharp rise in temperature when water
was sprayed on to the hot assemh-J,y. TyPicaJ. resul,ts are shown in fig. 3
and discussed below.

A few experiments were caxried out on assemblies without moisture
barriers in whdch the clothing was wetted by 0. water spray applied
continuously while the assembly was exposed to radiation. No rise in
temperature was observed.

2.3.4,. Effeot of diathermanc;y on the proteotion given by ,vet clothing

As the effeot of moisture on the protection given against flames and,
against radiation differed considerably, some experiments were oarried out
'to test whether pa,rl of this effect was due to diathermancy (partial
transparency of materiaJ.. to :ra.d:iation) of the water and o:f the fabric.
These used water and indian ink to wet 'black and white cotton of simi1ar
weights, the baoki.:ng materiaJ. being wool pile. The results are given
:in Table II.

TAllLE II

PROTJ!X)TION GIVEN AGAD-lST RIIDIA.TION

~
Protection Times s

Wetting materiaJ.

liquid :Black ootton White cotton

Water '17. 17. '15, 23.
23, 26 19. 17

mean 20.75 mean 18.5

India.'l ink 30. 21, 25, 23,
21, 28 25, 22

mean 25 mean 23.7,5
.

There is 'a slight but significant difference between cloth soaked in Ylater and
oloth soaked in indian ink~ but no significant difference 'between the results I

for black and white' cloth. These results are discussed be:Low.

-3-



2.3050 other observations during ex;perilllents

When the garment's were wet, moisture condensed. on the surface of the
asbestos wood. except when the polythene layer WM present.

Both normal and oven dIy ~1Ute:r. oloth:ir.lg i unless made of aebeatos, were
ofte'n considerahly damaged and the unde:rwear scorched before the end of the
protection time~ whereas when the olothing was wet there were few signS of to!

damage to the outer garment and none to the underwear showing that heat is
transferred by dif'i'usiol1 of water..

""-.

.3. Discussion of resUlts

3 .. 10 The effect of water content on proteot,i;qn tirI!~

The protection given by moisture permeable clothing aga.i.nst _radiation
decreases with increa.si"Ilg moisture oontent 0 The :oroteotion against :flames
at first deoreases with i~:i.ilg moisture content but '~hen r:i.se~ anda at
moisture contents of about 100 per cent , lllO\{ be greater than that for dry
garments. When a moisture barrier is included in c1ot~ing, the proteotio'U
time always increases wi.th increasing moisture content; with a high
moisture content the proteotion against radiation or f'lDmes may be at least
twice as high as for dry clothing.

The effeots are shown di~aramma.tically in fig .. 4.0

~
r>Flames

Protection
time=s

Flames and.
.,...>t ra.dia:tion

Moisture oontent -%

!is.. 40 Diagram of results

With a moisture barrieri the inward di.ffusion of moisture is restr.i..oted
and the increased protection results from increased thennal. capacity and
l.atent beat.. Y{i.thout a mo:i.Bture barrier, the inward. diffusion of vapour­
usuaJJ.y reduoes protection below the level. of' that for dzy materials. The
differences between the behaviour of materials exposed to rad.iation and
flames mavr arise from either or both of the following effects:-

(a) Table II shows that there is someeff'ect due to cliathemanoy; . :rad::i..a:tion....
penetrates into the body of the wet assembly and tlrl.s results in a lcwered
protection time. The effeot is slight but signif'icant o Heating'in the .,

. flame test is more by oonveotion than by ra.d:ia.tion so that the greater v
part' of the heat is absorbed diregtly on the surface and aJ1iY' diathe~
due to water content wcul.d have l-:i.ttle effect 0

(b) The conveotive flow of water from the hot sur:f'aoe tends to reduce' the
net heat transfer from the flames; there:is no similar effect; with
radiation t:ra.nsf'er.

·-
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Thus for small il1C:reases in moisture conberrt , the heat transfer. by
diffusion reduces the r>rotection., bU.t as the moisture content increases, the
evaporative effect zednces the effective rate of heat transfer f'Ix)m the
flame SO that the protection time is cor.re5pondingly increased.•

With assemblies other than those incorpo:ro.ting an :i.mpenneable layer the
temperature generaJ.ly rose suddenl.y when water was appJ.i-9d.. This rise in
temperature depended on the out.er mt3.teriaJ., being much less for heavy
woo'Ll.en or ti.ghtJ,y woven materials tr,an for asbestos. Ii: is probabl;v due
to the passage of steam f'ormed in the outer la;yers of thJ~ clothing ex.panding
inwards thI\JUgh the air spaces In the c.lothing. Some of the differemes
between material.s may be due to differences in "vrettabi.lity". (Plates 1
and 2), .

4. 'Pra.ct.L~pli,cati()lli!. and Conclu?i:?~

';

In use, the most likeJ,y severe exposure is to heating by' radiation 50 that
the :protection affom.ed by wef clothing i.s likely t" be less than that afforded
by d't'Y c.lothing, a~though not much less than that afforded by slightly damp
clothing. Oorrtdnnous wetting down of the clothing when exposed to f'J.l'Ulles or
radill:tion wi.J.J.; b;1" maintaining ,the outer surface at 1055 than i oosc, tend to
improve the protection whtlther or not the I.'!': is a. moisture barrier', but this is
not always pra.1tioaJ..

If the clothing does not incorporate a moi.sture barrier, "wetting doWn" a
r-escue worker before he enters the fire zone may r-educe the protection afforded,
although it delays the onset of ('ha=ing ana. so :reduces the t~mdency for clothing
to.lelSe its st!:ength on heabdrig , The danger of BCalding from init:iaJ.1y wet
clothing is much Less than from clothing which is wetted when it is hot,
partiou.larly if the clothing is made, of' aebestoa, If there is a danger of
accidental wetting, olothine ehou'l.d be '';vetted down" before the wearer enters the
fire zone.

If the clothing incoz:porates a moisture barrier "wetting down" will greatJ,y
i.ncrease the proteotion. SUiJh olothing is, however, uncomfortable to wear for
long periods "at the rea-iy" except, in 00-:>1 conditions-and is generaJ.J;v only
suitable for "quiok donni.ng" garment.e ,
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