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SUMMRY

in the studies on the protection by clothing against the therml
radiation associated with nuclear detfonations, the Navel Neterial .
Leboratory has investigated the situation in which the Hot-Wet Uniform
assenbly is separated from the rat skin a fixed distance of Smm. :
The fabric assembly was irrsdiated by the rediant flux from a carbon-
arc pulsed to simulate the thermal radiation asscciated with nuclear
detonations. ,
The radiant exposures fo cause burns resulting in es .E on skinm *f
of anesthetized rats. were 1.7, 16.2, 16.3, and 19,7 cal/c
the thermal radiation flux corresponding to 250, {000, 2900, and
10,000 kiloton detommtions, respectively. The critical radiant
sxposure for s 1O megston thermal pulu is- 34 psrcent greater thon
that for a 250 kitoton pulse.

The critical radiant cxposum fo produce eschar are siightly
less than those required for ignition of the fabric system. The
threshold burns are caused by tha volatiie products.trensferred
from the heated cfoth to the skin, Lesions resulting in escher are
produced by volatiie products when the skin temperature is held
between Li3 and 45°C for at least 5 seconds,

The data from this experiment can be used Yo predict the effects
of therma! radiation on other cotton uniforss under simllar conditions,
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Photo No, L=!BOLB-1 - Side Saction View of the Rat-
Uniform Exposure Hount

Photo No. L=180li8=2 - The Maximum Temperature Rise at

the Surface of Rat Skin, Spaced from the "Hot-Wet" Uniform.
Photo No., L=180L48-3 = Typical Temperature Histories of

Rat Skin, Spaced from the "Hot-#et" Uniform, for Non-
Ignition and Ignition = Type Scab Burns

Photo No, L=180LB-l - Typical Temperature Historles of

Rat Skin, Spaced from the “Hot-Wet" Uniform, for Non=-
ignition and ignition - Type Scab Burns

Photo No. L=180U4B8=" ~ Typical Damage to the "HotWet"
Uniform Spaced fron Rat Skin for Sewveral Nuclear Weapon
Fulses and Radiant Exposuraes

Photo No. L=180UB~6 = Critical Distance for Scab Occurence
in Rat Skin .

The Frequency of Burmns, Scabs and Cloth Effects as a
Function of fquivalent Field Radiant Exposure.

The Fifty-Percent Effective Radiant Exposures Causing
Cloth lIgnition, White Burns and Scabs.

T~e Heating Time of Scabs

Luration of Scabs Behind the "Hot=wet" Uniform for Various

Weapon Yields
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INTRCDUGT1ON

The Navel Materlial Laboratory is stud of
factors relevant to protection b;yuniforusyigsi:: li:::::.::od by
the therma! radistion associated with nuciesr detonations. The
purpase of this investigation was to study the influence of weapon
yisld on the critical (or minimal) redient exposures which would
causs burns to skin when behind and seperated from the uniform. The
skin of anesthetized white rats wos employed as the sensing element;
the fabric system investigated wes the so=called "Hot=Wat® unlforw.
The heat fransfer mechanism, temperetures, and other physical phenomen
associated with such burns also were studied as pert of this
Invastigation.

The uniform=rat system was exposed to a modifled carbon arc whose
irradiance was caused to vary sc as to reprasent the thermal ¢lux .
enltted by nuclear detomations with yieids ranging from 250 to 10,000
kitotons. The exposure lfevel of jsmediate interest was that which
would result in sinimei white bums end eschar. Ouring ths exposures
the retst skin surfece femperatures were recorded. The NML skin
simiiants were exposed behind the fabrics to the same readiant
sxposures as the rats. Temperatures were recorded on the surface
and at a 0.05 co depth lé the skin simulants,

The complete eveluvation of the protection of a fabric o uniform
system involives the consideration of severs! imporftant exposure
porameters. The fabrics way be either in contact or spaced from the
body, the layers may be doubled as in reinforced areas, or the inner
layers may not be present, as for legs and arms. The sitvation in
which the la(ess of the uniform are in contact has been investigated
and reported 1), The next important situation requiring study is the
normal uni form assembly when spaced, this geometry also representing
important arsas of the uniform. The study of two other important
situatiommgaul tiple layersand sin gl @ layers,has been deferred,
al though some infarmation can be inferred from the simple contact and
spacing studies. At present data on burns under fabrics separated
from the skin which result from the absorption of the therma! rediatior
of nucl ear detonations are drawn principally from {aboratory exposures
to constant=irradiance puises or from field exposures to a very |iml fed
range of weapon ylelds, Whila good inferences mey be drawn from such
data for use in predicting results in-actual situations the uncertaiut:

in such predictions may be considerable.
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BACKGROUND

During 1953«1954 NML investigated the temperaturs rise of a poly~
ethylene skin simulant behind fabrics when ex d fo constant=
irradiance therml exposures of the carbon arc‘'</. These studies
show that spacing 8 uniform in front of the subject necessitates higher
radiant exposures to produce the same effects as in the uncovered and
uniform-in-contact situations. The University of Rochester reported
that spacing 8 cloth S mm from pigs offeng_imrs&std protection to
carbon arc constant-irradiance exposures‘?/, In May 1956 NML reported
that the critical radiant cxpovses for ignition of single fabrics
wered function of weapon yield\3/. While these results indicate the
importance of studying the phenomenclogy of the spacing burn, they
do not give the critical exposures for burns from nuclear-weapon
therma| pulses; they do not yield information on the basic heet
transfer phenomena, .

in the field, studies have besen made of the validity of laboratory
mathods employed in the investigation of the protection given by
uniforms., Exposures of skin simulants spaced from uniform sssesblies
as well ?s other fabric aj.king situations were made at Gperations
Plumbbob(5) and Hardtack(B), it was determined that the exposure area
of I'T mm diameter approximated by the source employed In this study
Is adequate. The variation of flux with time of the laboratory source
was found to be satisfactory, but careful accounting must be made for
the final phases of the pulse, which are not simslated in the laboratory,
Spectral differences between the laboratory source and the field source
under some conditions gave significantly different results for the
spectrally selective 'Hor~Net'uniform. The blast wave morkediy al tered
the burn phenomenology under spaced fabrics in those cases in which
ignition is involved, tending to increase the amount of protection
for the lower range of weapon yields,

For a particular cotton fabric assembly there are at least two
important variables which can affect fhe production of burns in the
spaced situation. One is the moisture content of the cloth and _}Sn
other the air supply to or flow of air over the irradiated aroa( .
During the exposures the'Hot-<vet uniform was subjected to an air
stream of | ft/sec mintained at 65 percent relative humidity., This
particular spacing geomefry was selected since it was easiest to
control experimentally, Earliier experiments indicate that en
approximate air flow of | ft/sec enhanced cloth combustion st the
lowest possible radiant exposure. Lower rates of flow wuid cause
suffocation of any flames which may develop, while faster flow rates
would inhibit ignition. The maintenance of air flow across the
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uniform also exciudes possible veriables resulting from free
convection.

. Cloth samples for testing are normaily stored a¢ 65 percent
relative humidity. Therefore the air stream In this experiment was
condifioned to maintain this refative humidity.

Temperature histories at the surface of rat skin and at the
surface of and at a depth of 0,05 cm in the skin simulant were
recorded., Pre=exposure monitoring of the rat's surface teaperature
is essential for control of the rat skin's burn response. Despite
such efforts for controlled experiments there are some variables
affecting resul ts which are not easily controlled. These variables
include varjations in arc irradiance and pulsing mechanism, variable
rat skin response and sub-epidermal temperatures,

Earller data on rat burns and skin simulant temperstures have in-
dicated that s temperature rise maximum of 25°C at a depth of 04,05 in.
in the simulant, corresponded,with minor quallfications, to minimal
white burns in rats. This criterion was derived from exposures of
rat and skin simulant, uncovered and in contact with the cloth, for
pulses equivalent to weapon ylelds ranging from LO kt to 10 At.

Although investigations a8t NML have shown that the kpcts .of rats
and humans differ by & ratio of lJi fo ly it mey be assumed that, at
radiant exposure levels causing burns associated wi th cloth com=
bustion, burns would result in both subjects. Only in those areas
where boundary effects occur, such as burns resul ting from volatile
products, would the minimal critical radiant exposure for human skin
be less than that of rat skin, Assuming that burn severity Is directly
related to the skin's temperature rise and that the radlant sxposure
to cause the temperature rise is in turn indirectly proportional to
the square root of the kpc product LO percent less radiant exposure
would be required to produce the same damage to human skin as fo
the skin of anesthetlized rats.

EXPER (MENTAL APPARATUS ANDC FPROCEDURE

In this series of experiments, the rats and skin simulants were
exposed |, and 6 mm, respectively,behind a'Hot-Wet' uniform suspended
vertically In the exposure plane of a high~intensity carbon arc whose
radiant flux was varied with time to simulate thermal putses produced
by nuclear weapons and whose time to second maximum ranged from 0,5
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to 3.2 seconds, The apparatus and procedure were the same as those
employed in the cloth=contact study except for the addition of fthe
spacer and the air flow apparatus, The apparatus is shown in section
in Figure I,

The thermal source was & mudified 2i=inch Naval carbon-arc
searchlight utilizing an ellipsoidal first-surface aluminum mirror
with foci at Il and 52 inches. The lamp was water cocled to allow
the employment of high current demsities with the Il mm Ultrex
positive carbons and Orotip negative carbons. The negative carbons
were stripped of their copper jackets to prevent splattering of
mol ten copper on the mirror. No door glass was employed. The
spectrum of this source has not been measured but is ?ro?ubly very
simllar to that of the NML source.previous!y measuredii!C). The
lrradiance distribution in the exposure plane was essentially
aussian with the irredidnce ninety percent of the maxisum value at
a radigl distence of 0,6 ¢cm. The radiai vane shutter of the search~
light was driven by a c?m to produce pulses equivalent to the
generalized field pulse i),

A radiometer, with a fast response recorder, measured the
variaticn of irradiance during the pulse. The time to second
mximum, ty, for the equivalent nuclear weapon pulse curve was
determined by matching the irradiance history to the generalized
field pulse in the vicinity of maximum irradiance. A copper butfon
calorimeter measured the radiant exposure (labomatory), Q,, and
waximum irradiance, H,, incident at the exposure plane. For the
general ized pulse the field radiant exposure, Q¢, is related to the
maximum irradiance, Hy, and Yime to second muximum, tgs

Q¢ = 2.57T Hptg o

Since ¢ = k Hetp, where Q) is the laboratory radiant exposure
and k is a constant of proportionmality, Q¢ = 2.57 Q“’k.

The ratio, 2.57/k, describes the compensation necessary to compare
the energy produced in the laboratory with that produced in the field
since the pulse in the laboratory is arbitrarily stopped at a time
equal to approximately 10 t,. k has a magnitude of about 2.0, and
varies slightliy as the shutter mechonism weers.
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During the exposuresythe ‘Hot-wet uniform was subjected to an
Bir streem of | ¢t/sec conditioned at 65% R.H, resulting in
an environmental stability in the air surrounding fhe uniform. Since
cloth samples for test are stored at 65 R,H. the air stream was
conditioned to mintain this standard.

Temperature histories during the thermal insult were recorded at
the surface of the rat skin and in the skin simulant on the surface
and at 0.05 cm depth, The air flow was adjusted by passing it through
a manometer. Moisture was added to the air by passing it through spun
glass saturated with water, The moisture content of the air was
stabilized by passing it through a chamber containing a saturated
solution of ammonium nitrate, Linear flow was achieved, through use of
a long tube with a c¢ross section | x 2 inches which terminated coin-
cidently with the uniform's edge. The air flow was controlled by a
stop=cock valve,

At the time of irradiation the rat was placed on a platform be-
hind a copper plate 0.05 cm thick. A 12 mm aperture was cut in the
plate to expose the rat. The rat was gently pressed against the
aperture and held in place with foam rubber pads backed by an aluminum
ptate., The ocuter edges of the copper plate were double walled fo
allow passage of thermostatically controlied water which maintained
the rat skin's surface temperature between 31* and R°C. A 0,006 cm
diameter thermocouple was suspended vertically behind the copper plate
and in the center of the aperture in 0,5 gm tension. The thermocouple
was connected in series with an ice bath and a recording potentiometer.
The "Hot=Wet' uniform was suspended ver tically at the secondary focus
under firm tension. In irradiating the simufant the skin simufant
thermocouples on the surface and at 0,05 cm depth were connected
directly to the recorder, No attempt was made to contrel the initial
temperature of the simulent.

The'Hot=Wet' unl form was stored in bel! prs mintained at 65% Re.H.
for at least four hours prior to the experiment, The moisture of the

cloth during exposure was kept at 65% R.H. by the air flow,

Sprague-Dawley Albino rats were emplcyed in this experiment,
Females, 20-70 days old and averaging {50 grams, were clipped and the
nir was removed with "Nair™ depilatory 2, hours prior to exposure.
The cream was left on the animals for 8 to 0 minutas, In earlier
experiments thls method resulted in the most complete hair removal
with least irritation. Anesthesia was essential for this operation.
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Twenty minutes before an expxur: series the rat was anesthetized with a
I3}l solation of veterinary Nembutal in saline, injected intraperi-
toneally, in 2 dose of LD mg par kiloaram of body weight.

Immediatd y after exposure the burns were assessed by visual
estimate as "no burn”, minimal®, "moderate™, or "severe" red, "ainimal™,
"noderata” or "severe" white, Thirty minutes !ater they were re-
examinod 3and 3gain assessed, using the same criteria. Eightoeen to
twanty-four hours later they were examined for the occurrence of scabs,

In Marzk 1968, skin simulants were exnsosed 5 mm behind the'Hot=
wet'unifarm to pulses of equivalent yields ranging from 250 to 12,000
kt. The radiant exposures which would cause a temperature rise of
25°C were measurgd., Assuning that these radiant exposures were
critizal in the production cof minimil white burns, rats were exposed
under the same conditions at these radiant exposura levels., Exposures
were increased or decreased in 1) porcent increments, dependin: upon
tha productinn or noneorcduction of niniwl white surns, Using the
March 1958 dats as a guide the rats and skin simulants were exposed
to> 8 second series during September 3nd Octoaber of the same year.,

RESULTS

The fr:quency of cloth i~nition, burns and eschar as & function
of equivalent field radiant exposure, Q¢, and time t> second maximum,
is viven in Table I, For tg of 1.9 and 5.2 secynds the numbder of
expasures repcrtad under "imme.iate Assessment” is groater than that
reporied for the "2l Hour Assessment."” Animel =morrality explains
this anomaly, :

in Marzh 1355,21 per-ent of the totsl exposures were conducted.
During this poriod white Surre 2nd szabs not ass~cirted with ignition
nf tno fabri=s were found, asyocialiy f>r a ty of 1.7 seconds. To
invostiqate tHis phenosnencr anct f0 obtrain suffizient data for a probit
analysic additi-nal experiments were conducted in the period, September
t> December 1353,

Pulse tim s less *han that corresponding to a weapon yield of
025 Mt ware nat investigated bdocause the scurse could nat delivar
suffiziont radiont exposure to eif_ct ignition of the rict-Yet unif>rm,
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Table 2 presents the fifty percent effective radiant exposures,
» 8nd the ninety~five percent confidence limits for cloth Ignition
fof white burns, and foE scabs. The modified probit method of
Litchfield and Wilcoxon'!2) was used in this anal ysis.

There is a LD percent increase in RE5y for a change of pulse
length from 8 iy of 0.5 second to 3.2 seconds. This pulse range
represents nuclear detonations in the lower atmosphere of weapon
yields ranging #rom 250 kt to 10 mt. During the experimentation it
was noted that white burns .occurred in situations which did not result
In ignltion of the cloth, On the other hand, some red burns, eccardin
to Immediate assessment, eventually developed Into lesions with scabs,
Amalysis of the data indicates a L4 to 7 percent lower for white
burns than for cloth ignition, and 2 2 o § percent !owei RE5° for
scab burns than for white burns, The occurrence of burns in non-
ignition situations was unexpec{esl. The iower energy requirement for
scabs had been noted previcuslyll), Table 3 presents the hea!ing
time in hours for all scab burns, including those which did not result
from ignition of the fabric system,

Twenty=-four hours after exposure each anima! was examined for
lesions. If scabs were present their development was foliowed until
their diseppesrance. Since scabs were observed only at 2h-hour
intervals, the reported duration times are given in mul tiples of
12 hours.

Sub=ignition scabs were deep pink or llight tan at the inltisl
2i=hour assessmant. These turned brown subsequently. The ignition
scabs, however, were deep brown st the 2li=hour assessment. [gnition
scabs lifted |ike those is the bare rat and for the rat in contact
wi th the Mot -We¥ Uniform'?/, The non-ignition scabs, however, faded

away.

The average duration of eschar is presented in Table L for the
various equivalent weapon yields investigated, The heading, "Total
Scabs™, includes all scabs, ignition and non-ignition., It is to be
noted that scabs not associated with ignition heal faster than those
associated with ignition of the fabric.

At to's of 0.5 ond 1,0 seconds the average duration of all“Hot-Wet'
spoced scabs was longer than that for the contact and bare situations,
whersas the bare and contact scabs remained longer for pulses with
a 1, of 3.2 seconds,

10
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Figure 2 presents the maximum tempersture rise at the surface
af rat skin as 8 function of the equivalent field radiant exposurey
snlid points indicating temperature rises which are associated with
subsequent scab burns. It is to be noted that the mximum temperature
rises sssociated with cloth=ignition sjtuations were aiways higher
than 20°C #nd resulted in scabs, The scab burns associated with
sitvationsin which the cloth did not ignite represent 29, 23, 52 and
L2 percent of the total scabs for tg's of 0.5 L0, 1.7 and 32 seconds
raspectively, The points in Figure 5 reprasent all rhe axposures
for which temperatures were measured, However, remperatures were not
recorded during all exposures due to the breaking of thermocouples
during the experiment. Temperature mexima less than LL*C, at which
Hardy et al report irroversible tissue damagel!3), seldom resul ted
in burns exsept for an equivalent ty of 3,2 seconds, for which some
burns occurred at slightly lower temperatures.

The temperature rise maximum asscciated with threshold scabs
spaced behind the Hot=¥et Uniform is about 13°C, For the Hot=wet"
contact situation the maximun temperature rise is about 21 to 24°C.,
end maximum temperature rises on bhare rat skin range from L5 to 27°C
for pulses with tg ranging from 0,5 to 3,2 seconds. Analysis of the
ferperature histories indicatesthat the temperature rises behind
snaced clothing are mintained the longest while those of bare rat
sikin usyally tend to follow the shape of the irradiating pulse, with
tenperature rises for the contact situation lagging the pulse somewhat
wi th respect to the time interval for which the temperature is
maintained,

Fiqures 3 snd L, present typical temperature histories associated
with scabs. In each case, the curve with the higher maximum
tompers tur= and sliower cooling is BAssncizted with an ignition
situation. The lower curves are associzated with noneignition scab
situations, All temperature histories for radiant exposures less than
those required to cause cloth ignition have the same time dependence
as the non-ignition scab curves but with less amplitude. As indicated
by the maximum femperatures of Figure 3, temperature histories with
wagnitudes between those given for each exposure in Figuresl snd 5
rarely occurred.

Temperature histories at the surface of the skin simulant were
similar to those of rat skin for simiflar situations. Contrary to the
pradiction of theory, the maximum temperatures of the skin simulants
were jower than those of the rat skin. This discrepancy was a result
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of different spacing distances for rat and skin simulant; because of
difficulty in controlling the bulge of the rat through the (2 mm
aperture the spacing varied from 3,4 to 5.l mm, while the spacing
for the simulant was 6 mm (See Figure 1),

Skin simulant maximum temperatures at the surface and at a depth
of 0.05 ca indicated an average temperature gradient of 10 to 15
percent for non-ignition and ignition situations,

Anal ysis of skin simulant temperature histories reveal that
after 20 to %0 seconds the temperatures in depth were equal to surface
temperatures for sitvations asscciatedwith charring and flaming. For
sifuations which caused glow the tremperature gradiant was maintalined
longer, Oepth temperatures sometimes were higher than surface
temperatures In the later phases of the pulse, Indicating appreciable
heat loss at the surface,

In ignition of the'Hot-Wet'uniform In the spaced situation,
temparature rises of 15°C or higher were maintained after the maximum
tempers ture had been nttained, for seven times a3 long as typical

*Hot=Wet' contact scab-associated femperature histories, for ty'sf08.9,5,
and twice as long for ty's of 1,0 and 3,2 seconds. -

in non~ignition situations the temperature rise was due primarily

to heatsd air, steam and volaetile products. There was no viswal
svidence of condensation of moisture or tar products from the cloth,
The first maxieum in the temperature-time curves for equivalent t,
of 0.5, 1.0 and |47 is due to the rapid production of volatile
products for the most inYense pericd of the therme! pulse. The .
temperature of the surface of the rat's skin does not reach ¢ mximum
unti! the irradiance has reached its maximum. Heat is not transferred
unti| after the radiant energy nas transferred enough heat to the
cloth to boil the absorbed moisture and sublimate the volatile

- materials, As mentioned above, the energy pulse is terminated at 10
times t ;3 in non=Ignition situations, if the entire pulse were
dellvered, the additional volatile products which wauld be released
could conceivably lower the threshoid radiant energy for producing
scab burns,

Since the tempersture rise maximum occuwrs at (0 to 30 seconds
after zero time, possible voluntrary or inwiuntary evasive action
could occur during @ nuclear attack, thereby avoiding the serious

burns caused by ignited cloth.

12
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Typical exposed cloths, representing non-ignition and ignition
situations are presented in Figure 5, for several equivalent weapon
yields and radiant exposure leveis. It is to be noted that the dats
presented are for the situations in which actual experimentation was
carried out and that the cbserved effects might have been obfained
at other radiant exposure levels, For 0.5 second typ when flaming
oceurred the cuter garment was flashed off leaving the underwear charred.
At 1.7 seconds t, however both garments were consumed. Glow at ali
times resuited in refiatively squal cloth destruction. Upon termination
of the pulse, the cloth was allowed to burn or glow and the .rat was held In
position until total skin temperarure dropped to LD°C.

Figire 6 presents the distance, in feet, at which R occurs
for eschar, as 8 function of weapon yleld, The relatiomships employed
are for detomations in the lower atmosphere and for_atmospheric
transmissivity of 0,9 per land mife, The relationships between tg,
wospon yield rediant exposure, and distance from ground 2ero,are:

W = 1,2, and, (1)
e = "'"_i'{;m'é—'_—' (2) '

whers W is the weapon yield in megatons

t, is the time fo second maximum (sec)

D 1s the distance from burst In atles (5280 ¢t/mile) .

T equals atmospheric transmissivity per land mife '
and Q equals radiant exposure (cal!/cef)

Equations (1) and (2) hold only for detonations in the & .
‘lower atmosphere. -

An empirical equation has been fitted to the RESD scab dats
for the'Hot<Wet' uniform separated from the backing:

D = AWP,
where D equals the equivalent distance for scab R£50 in land

miles,
¥ equals weapon yield megatons,

3
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A equails a constant (5.6 from 0.02 to 2.0 At and
6.3 from 2 Mt o 10 Mp), and

b equals a constant (0.4l from 0.02 Mt to 2 Mt
and 0.27 from 2 Mt to 1O M)

DISCUSS ION

Although (00 percent scab production was expected at cloth-
ignition radient-exposure levels, the production of scabs at sub=-
fgnition levels and those involving volatile products was considered
rather unlikely. As the pulse time is increased the production of sub=-
ignition burns increases. In the development of protective fabrics
this phenomenon necessitates, not only the development of fabrics with
gfficient flame retardant components, but also additives which do not
volltalize readily and fabrics whose sbsorption of moisture s minimum,

The di fference betwaen the R level for white burns and thet
for scabs is. not considered significant. Since the burn assessment
is made immediately after exposure, threshold type white burns are
not jmmedliately discernible. However, some sub-white immediate
assessnents hmve developed, on second examinafion, into white burns
and subsequently into scabs. The second assessments were made fifteen
minutes after exposure. The difference between the REcy level for
whi te burns and that for scabs is, therefore, insignificant. It should
be pointed cut that with fhe probit method employed 12) the R and
95 percent confidence levels are dependent to some extent on ¢
mnner in which the best curva fit is estimated.

The increased protection afforded by the "Hot-Wet" system speced
from the backing, relative to that of the "bare"” and "contact" situations

is more pronounced at the lower weapon yields than at the higher yields. ;

Anatysis of the scab dats indicates thet burns caused by volatile
product are not as sewvere as those resulving from cloth ignition.
The observed maximum temperature associated with non-ignition burns
verify that they are threshoid lesions. The scabs associated with
vwlatile products are less severg than fthose produced in the contact
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and bare situations, whereas the scabs due to ignition are more severe
than thase produced in the bare and contact situstions, Elimination
of flaming by non=volatile flame refardents or evasive action would
increase the REgg for the spaced "Hot-Wet" Unlform.

At radiant exposures below the RE.., for cloth ignition, heat is
transferred by the impinging of volatile prgaucfs on the skin surfacas.

Since the temperafture rise is not appreciable until after the

irradisnce reaches ifs maximum val ue, the temperature rise due to

direct radiant energy is negligible. At low radiant exposures the
moisture entrapped by the fibers is evaporated, causing an Increasse in
temperature at the uniform backing, As the radiant exposure |s increased,
the volatile products in the cloth fibers are vaporized, resulting in
scorching and charring. Some steam and volatile products escape at

the irradiated uniform surface while the rest transfers heat to the skin.
At radiant exposures causing severe cloth char the volatile products

ere ignited and then flame during the irradiation pericd. At the
termination of the pulse, flaming may cease but ignition continues as
ctoth glow, Heat trensfer from the glowing fabric Is by radiation,
convection and conducticn, and is & function of thw Ignited cloth

area, the distance of the cloth from the skin, and the transmittance

of the wolatile products., The volatile products and steam are the

agents for convection. Conduction results from the condensation of

steam and volatile products at the skin surface, Far the ‘Hot-Wet"

spaced sl tuation heat fransfer is due mainly to convection and
conduction.

The maximum temperature rises of the rat skin at radiant
exposures less than those required to cause ignition range from 10
fo 15°C, the higher temperature rises causing irreversible tissue
damage as evidenced by scab burns. The temperatures, when ignition
occurs, are much higher than those at non-ignition levels. and range
from 20 to LO°C.

The influence of parametersssuch as wind spesd, moisture content
of the uniform, and initial rat skin temperature,was not determined
in this experiment, These variables would influence the amount of heat
transferred by volatile products, the energy required for ignition,
and the energy fransferred to the skin by the flaming clioth, For the
contact situation, where the heat transfer is due msinly to conduction,
these factors would have little or no influence.
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Lower ambient temperatures would |ower the temperatures of the
cloth. put, unless the change was extreme, the heat transfer would
be affected little since the degradation temperatures for cotton are
relatively high. The influence of & change in moisture content would
depend on the duration of the irradiation pulse. For short puises
an increase in the misture content of the cloth might decrease the
radiant exposures o cause burns, since there is an increase of the
amount of steam produced .

Air flow beiow | ft/sec would allow the accumulation of volatile
products at the irradiated surface of the cloth, which would then
absorb some of the radiant flux., At higher wind speeds the wolatlie
products are partially removed, thereby lessening the severity of the
burns due to these products. Still higher wind speeds also inhiblt
ignition and would extinguish the flame. The radiant exposures to
cause burns behind a cloth separsted from the backing, therefors,
increase with wind speeds in axcess of | ft/sec. The wind speed
employed in this experiment approximetes that for which the radiant
exposures for burns behind spaced fabrics is a minimum,

Data-derived from this investigation can be smployed to derive
the effects on other uniforms of cotton fibers in similar situations,
Fabrics made of synthetics or of woo! would experience different
effects in the spaced situation, for the absorption of heat by such
fabrics usual ly results in mel ting.

CONCLUS tONS

The distance from the point of a nuclear detonation, at which
S0 percent of the rat population would receive scab burns may be
related to the weapon yieid in megatons by the expression;

D = awP

Data from which fhe constants for this equation was derived are 3.5,
5e7, 845 and 11,9 land mites for nuclear weapon yields of 0.25, 1.0,
2.9 and 10 megatons.

Threshold burns may be effected at radiant exposures which do
not cause ignition,

16



———

F

tabe Project S0L6=t6,Pt, 7
Final Report

Assuming healling time for scabs as a good criterion for burn
severity, a uniform of fibers with high ignition points would reduce
the number of burns for a given sifuation,

For sub=ignition burns, heat transfer is mainly due fo volatile

products, Ignition=type burns are csused by radiation, convection
and conduction of heat,.

Maximum temperature rises associated with sub=ignition burns

range from 10 to 15°C. Maximum temperature rises ceusing Ignition
burns range from 26 to Lo*C,

Wind speed, cloth moisture content and initial skin temperature
influence the radiant exposures to cause burns under spaced clothing.

Data published in this report can be employed to predict effects
on other cotton uniforms under similar conditions.

App‘ovodmf M

R. P, HALL, ICDR, /USN
Acting Assistant Director
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Rat Skin, Spaced from the "Hot-Wet" Uniform
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Figure 5 - Typical Damage fo the "Hot-Wet" Uniform Spaced! from
Rat Skin for Several Nuclesr Weapons Pulses and
Radliant Exposures
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: TABLE 2

The Fifty Percent Effective Radiant Exposures
Causing Cloth Ignition, White Burns And Scabs

Time to
Second
Maximum Cloth White
{sec) Ignition Burns Scabs _
0.5 15,02 1,3 115,02 1,3 | 1L.7% 1.
) o0 17.5 2 1,0 | 16,82 0.7 | 16.22 101
147 189 L 1.0 1772 1.2 | 16,32 1.7
3.2 21,92 1.0 | 1982 0.8 | 19,72 0T
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TABLE 44

Duration of Scabs Behind the 'Hot-et' Uniform
for Verious Weapon Yields

Equivalent Weapon Average Duration
vield (M) (Hours )
Volatile
Total Produc ts Ignition
Scabps Scabs Scabs
0425 237 180 257
1.0 2 132 312
2.9 285 132 313
10.0 193 9 278
Average of all 230 118 . 307
Yields
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