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HEAT TRANSFER MEASUREMENTS OF SAFETY APPAREL FABRICS

INTRODUCTION

In an effort to acquire systematic data on heat transfer charac-

terics of experimental and off-the—shelf safety apparel fabrics, the present

Investigation was undertaken. It utilizes the philosophy and methodology de-

scribed in detail earlier (1) and should be considered In the light of the

discussions contained in this reference (Appendix I).

MATERIALS AND METHODS

The materials used are 21 specimens submitted by Cotton Incorporated for

comparative study. All are identified and described in Table I wherein the

measured heat transmission characteristics are sunanarized.

The method for assessing heat transmission in each instance consists of

covering an instrumented skin simulant (2) wIth the fabric specimen and exposing

the section to a square wave pulse of heat from a Meker burner flame or from a

radiant source under controlled conditions. The temperature ri se is measured

continuousl y from the beginning to the end of each exposure and the resultant

data Interpreted in terms of physiolog ical effects of pain and blister as de-

scribed in Reference 1 , (Appendix I). In the instance of flame contact, the

flame temperature is approximately 1200°C at a flux level of about 1.3 cal/cm2

sec , comensurate with that of large-scale fi res. In the instance of radiant

exposures , the flux used is equivalent to that from a blackbody at approximately

19000C at a fl ux level of about 5 cal/cm2 sec incident on the fabric. As noted

in Reference 1 , few commcnly encountered flames exceed l2000C (ca. 2200°F),

while radiation exposures may vary from virtually 0 to i ntensities of thermo-

nuclear magn i tudes. A source temperature of 1900°C was selected to provide

practical extremes of spectral distri bution such as are possible in graphitizing

5-- . 5~~~~~~~~~~ . -~~~~~~~~~~~
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and open hearth furnaces . This radiation peaks at l.5p and contains considerable

visible radiation but much less than that of thermonuclear pulses. This means

that some of the incident radiation is reflected by the fabrics , in general , the

lighter the color , the greater the reflectance .

EXPERIMENTAL RESULTS

Table I suninarizes the experimental results . Each temperature rise value

listed is the average of at least three exposures in which the difference from

the mean of any simple reading is not greater than ±5%; the overall accuracy for

the flame exposures is ±2.9% and for the radiation exposure, ±2.0%. Differences

In thickness from site to site , and type of construction (e.g., ribbed), con-

tribute to experimental variation and may account for the occasional large single

reading difference from the mean.
The data in Table I are arranged in the order of increasing protective

capacity with respect to flame contact so that the first column of the Flame

Contact section shows the decreasing order of temperature rise measured in the

skin simulant. This order does not hold for the Radiation section because the

net effect of radiant exposures depends greatly upon the spectral characteristics

of the source and the optical properties of the fabric. In both instances, flame

contact and radiant exposure, the time to pa in and to bl i ster at a fl ux of 1 cal /

cm2 sec have been noted. This information is obtained directly from Figure 2 of

Appendix I by looking up the Tolerance Time corresponding to each i~Tss , 0C/II at

3 sec , on the Pain and the Blister curves. For flame contact an additional set

* 

of data is shown for a flux of 1.3 cal/cm2 sec, the actual level of the experi-

mental source and a comon figure for fuel fires. These data are obtained by

multiplying the ~Tss , °C/H, by 1.3 and again referring to the Pain and Blister
parameters of Figure 2, Appendix I.

In the instance of radiation exposures, in addition to time to pain and to

blis ter at ‘I cal /cm2 sec, the radiant flux tolerable for 1 sec and for 3 sec

-3- 
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without pain is shown. These data are derived by reference to the Figure 2,

Appendix I, pain curve: At a Tolerance Time of 1 sec, the corresponding ~Tss

measured at 3 seconds is 24.4°C; by construction (3) the temperature rise per

unit flux at 3 sec is 36.2°C, therefore , 24.4 • 36.2 = 0.674 cal/cm2 sec , the

heat absorption rate to produce pain in I second. Similarly, at 3 sec , ~Tss

in 3 sec = 10.7 * 36.2°C/H = 0.296 cal/cm 2 sec , to produce pain in 3 seconds.

Then, to find the tolerable flux under the fabric: the measured z~Tss in 3 sec

* 36.2 experimental heat absorption rate ; 0.674 * experimental heat absorption

rate tolerable flux for 1 sec and 0.296 + experimental rate = tolerable flux ‘

for 3 seconds . Wi thin reasonable limits , this system can be applied to estimate

tolerable i rradiances at other exposure times as well.

Considering each fabric in comparison wi th the others, certain generaliza-

tions and exceptions come to light. In general , the protective capacity as

estimated by the diminution in heat transfer reflected in decreasing ATss in

flame contact follows most closely the increase in thickness of the fabrics.

The correlation wi th weight is somewhat less good and serves to emphasize the

fact that heat transfer depends on both the mass interposed between flame and

receiver and the interstices of air pockets created by the fabric geometry. The

one notable excep tion i n sequential correlation is the Kynol fabri c which ranks

16th whereas it might be expected to rank about 5th on the basis of either weight

or thickness. The Nomex suiting , being the thinnest of all though not the li ght-

est in weight, shows the least protective capacity while the Sanforized cotton

denim , the thickest and heaviest fabric, shows the most.

The Radiation section requires individual consideration of each fabric be-

cause of the effect of color , reflectance and transmittance properties which

have not been measured in these fabrics. For Instance, the Nomex suiting Is now

reversed in ranking wi th the cotton flannel , showing a l ower temperature rise
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than the flannel which Is thicker but lighter in weight. Since the Nomex is

navy blue and the cotton Is pink patterned on white, the difference cannot be

ascribed to differences in reflectance but Is undoubtedly due to higher trans-

mittance of the cott3n fabric together wi th a lower conductivity of the NoIvex .

Also, the denim fabri c (d21) is not the best in these exposures but has yielded

place to the next lighter in weight, cotton whipcord (u20), which is sage green

rather than navy blue, showing the effect of greater reflectance and possibly

‘l ower transmi ttance as well. Looking at the protection against pain afforded

• by any of the fabrics , this time varies between 4.3 and 7.5 seconds as compared

wi th 1.6 and 3.1 seconds in flame contact at the same flux level ; protection

against blister varies between 10.6 and 19.2 seconds as compared wi th 3.9 and

7.6 seconds in flame contact. On the other hand, the data in the last two

columns of the chart indicate that pain is experienced in 1 second at a radiant

flux of 3.0 to 4.6 cal /cm2 sec and in 3 seconds at levels of 1.3 to 2.0 cal/cm2

second. The latter flux levels are not unusually high for radiation at close

proximity to large conflagrations.

DISCUSSION

In using these data to assess the merit of any fabric in a particular

application , it Is necessary to bear in mi nd that the data refer to the circum-

stances in which the fabric is in good contact with the skin , no igniti on occurs ,

the exposure begins and ends abruptly and the assembly is permitted to cool

• under normal ambient conditions. Any pre- or post- exposure heating invalidates

* 

the protection time prediction. Obviously there are fabric characteristics

other than weight , thickness and color which affect heat transmission that are

not considered here, e.g., air permeability , nap, and yarn twist. In designing

a fabric for a specific application all these features must be taken into account

and may be systematically varied to provide the desired effect. Therefore, the

—5—
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present data should be considered to be only an asses sment of compara ti ve values

of the heat transmission of these fabrics as they are and not as they mi ght be if

all we re of comparable weight , thickness and construction.

We have been asked to consider the present data as they might bear upon heat

transmission due to splashing with molten metal. To this end Reference 4 was

provided and consulted . While not specifically identified as such , it appears

that some of the fabrics used in that study are the same as those in the present

investigation . These are cited in Table II.

There may be others which are the same but not readi ly identifiable. In

any event , because the incident energy was not applied in a square wave pattern

in the molten metal study , as the authors note, it is not possible to estimate

the amount of skin protection provided . However, the onset of heat exposure was

abrupt and the initial heat flux reaching the “skin ” was measured . Therefo re,

It is possible to determine which fabrics mi ght provi de enough protection to

prevent blisteri ng even though a definite determi nation cannot be made because

of the uncertainties introduced by additional heating after the peak flux.

To make this assessment the data in column 5 of Table II is referred to

the Tolerance Time Chart (Figure 1 , AppendI x I , or Figure 16, Reference 4).

The energy noted is taken from Reference 4 (Table II and Figures cited) and is

the maximum flux measured at the “sk in” surface during the molten metal exposure.

Column 6 presents the exposure time at which peak flux occurred; column 7 gives

the total time for which the flux remained above about 0.05 cal/cm2 sec as esti-

mated from the Figures cited in column 4; column 8 shows the time to blister if

the heat pulse were a square wave at the level of the maximum flux measured.

Comparing columns 6 and 8 only, none of the fabrics are indicated as defini tely

Inadequate since the peak time in each Instance Is lower than the time to blister

at that flux. However , wi th only one fabric, the Nomex Duck (SRI #6, NADC #375 b4)

-6- 
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is the total time for which the flux exceeds 0.05 cal/cm2 sec ( 1 .8 sec ) we l l

below that required to produce a blister (2.9 sec ) . Under these circumstances

it is quite possible that the heating experienced duri ng drop-off of the flux

might not contri bute enough additional damage to produce a blister.

Examination of the other data in Reference 4 reveals that the fabric identi-

fied as “Co tton Duck” also gives favorable results in that the peak flux Is

0.50 cal /cm2 sec (Figure 8, Reference 4) at which level a 3.4 second exposure is

required to produce a blister and the total elevated flux time is about 2.3

seconds , well below this duration . Again , the additional damage during flux

drop-off might not be sufficient to produce a blister. Exami nation of the remain-

ing data in Table II suggests that it is unlikely that any of the other three

fabrics would provide adequate protection against blistering because of the pro-

longed time above 0.05 cal/cm2 sec (Column 7) .

CONCLUSION

From the present data it is concluded that as they stand Cotton Denim

(Sanforized), navy blue , 14.1 oz/yd 2, 0.813mm thick , provides the best protec-

tion against heat transfer by flame contact ; Cotton Whipcord , Reeves Production ,

sage green , 11.7 oz/yd2, O.74Onin thick , provides the best protection against

radiation corresponding to a blackbody temperature of 1900°C. On the basis of

protection against flame contact offered per unit weight or thickness , Kynol

Turnout Coat Fabric, 8.1 oz/yd2 , 0.535mm thick , is the only outstanding material ,

ranking 11 places higher than expected in a field of 21. In the instance of

radiation exposure this advantage does not hold , as mi ght be expected from the

overriding influence of optical properties .

In summary , the present data provide i nformation of use in the design of

fabrics for thermal protection. Knowledge of their heat transfer properties and

present construction features can be used to modify the latter. Thus , w i th due

-8-
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regard for the mode of heat transfer in operation, whether convective , radiative

or conducti ve , fabric design can be engineered to take advantage of this knowledge

to improve protective capaci ty in specific applicati ons.
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Method and Rating System for
Evaluation of Thermal Protection

ALICE M. STOLL and MARIA A. CHIAXTA

Aerospace Medical Research Department , Naval Mr Develop-
ment Center, J ohnsville, War,n inste r, Penn .sqlvania 18974

STOLL , A. M ., and M. A. CHIANTA. Method and rating sys - BACKGROUND
tens f o r  evaluation of thermal protection. Aerospace Med. 40
( 1 1 ) :  1232- 1237. 1969. It is now well known that the severity of a skin burn

Thermal protect ion rating sys*enn for fabric s, based on pain depends upon elevation of the tissue temperature to
and blister effects in human skin , are considered in terms of: an injuri ous level, i.e., hi gher than 44°C, and mainten-( 1 )  precise evaluations applicabl e to any known temperature .
time pattern, and (2) simple laboratory procedures to prov ide a ance of the elevation for a time inversely related to
univers ally useful standard rating system. The first system which the temperature. The rate at which injury proceeds
is more comprehen sive is difficult and requi res computer opera- increases logarithmically with a linear increase in skin
tions routinely; the second , described in detail , offers a rating temperature so that at 50°C damage proceeds at 100
system which is simple, di rectl y related to pain and blister times the rate ensuing at 45°C.’ Extrapolation of theparameters , and may be understood by the unin itiated as well as
those knowledgeable in the field, rate vs. temperature curve indicates that complete trans-

epidermal destruction occurs virtually instantaneously
_____________________________________________ at 72°C. Consequently, the range of inju ry may be

delineated as occurring at basal layer temperatures of

C ONVENIENT METHODS of evaluating the ther. 44°C to 72°C, sustained at elevated-temperature times
mal protection capacity of clothing fabrics have varying from , nominally, in finity to zero, respectively.

been sought by developers and users alike. Most meth- It is understood that this delineation applies to sequences
ods in use provide relative data that indicate which of in which the temperature-time pattern is regular , con-
any number of candidate materials is more heat-resistant tinuous and known, or in which the temperature is
than others. Two methods, at least, relate these data to known for every instant in time if the pattern is dis-
protection of living skin1 and offer a basis of comparison continuous or irregular. In actual living skin, tempera.
in terms of “critical radian t exposures,”2 i.e., the product ture-time histories leading to a damage-rate temporal
of energy and exposure time required to destroy the integral of 1.0 in a computer operation such as de-
clothing or to burn the skin on exposure to thermal scribed in Stoll’ would then indicate destruction of
radiation pulses simulating nuclear weapons of various the skin.
potencies. ~nother method yields a protection index For the purpose of setting up a protection index
which is the ratio of the energy-time product observed the system may be adapted to the simulated skin and
for clothed skin to that of bare skin.3 None has provided applied in a similar fashion. In this application the
a procedure which is universally applicable for rating differences between the physical constants of human
fabrics against a physiological standard representative skin and the skin simulant would be normalized mathe-
of tissue injury sustained under the fabric without the matically by substitution of the constants appropriate
necessity of making measurements In vWO. to the simulant in the equation applicable to the living

The present report discusses a method based upon skin and subsequen t adjustment of temperature-rise

• a tissue injury concept which correlates the observed rates in the two media so that skin destruction is m di-
skin temperature-time history with complete trans. cated when Q ( symbol for damage4) equals 1.0 in either
epldermal necrosis” and also proposes a simple meth- system. This system requires incorporation of a sliding
od of rating fabrics which could be used as a standard scale factor to accommodate to changes in thermal con-
by all laboratories engaged in this work. The procedures ductivity which occur more markedly in the living skin
to be described utilize the skin simulant described by than in the simulant because the former is susceptible
MaggioT but any substance of precisely known thermal to blood and tissue fluid shifts which are absent in the
properties could be used equally well, inert material of the simulant.

Table I points up some of the similarities and dif.
Opinions and conclusions contained In th is report are ~~~ 

ferences between living skin and the simulant. It is a
of the authors. They are not to be construed as necessarily re- compilation of data from radiation exposures of black-
flecting the views or the endorsement of the Depar tment of the ened human skin’ and theory ,’ and equivalent effects in
Navy , the simulant. b0 The first column shows the incident

Reprinted from Aerospace Medicine, Vol. 40. No. 11 , November 1 989 
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A BSORBED ENERGY RAT E (CAL /CM2 Sec )

Fig. 1. I-hum an skin tolerance time to absorbed thermal energy delivered in a rectangular
heat pulse.

TABLE I. TEMPERATUR E RISE IN HUMAN SKIN AND IN SKIN SIMUL ANT ON
ABSORPTION OF THERMAL RADIATION J UST SUFFICIENT

TO CAUSE BLISTERING

Max. Temp. R ise Max. Temp. Rise Ratio Ratio

to burn AT ~T, A T,  4T~~ 
A T .

Incident Ab,orbed ( see ) ‘C C C C AT. ‘Ti
- 

(.20 1.128 I.l ~ 35.3 29.9 45.4 14.7’ 1.285 0.493’
IlK) 0.940 1.41 33.5 283 43.4 (6.0’ 1.293 0.561’
0.80 0.752 (.93 3 1.2 26.9 41.0 17.9’ 1.31 4 0.666’
0.60 0.564 3.0 28.7 25.4 37.8 20.4 1.332 0.804
0.4(3 0.376 3.6 26.6 24.7 34.6 22.6 1.301 0.9(4
0.30 0.282 7.8 24.2 22.7 32.4 2 1. 1 1.340 0.929
0,21) 0.166 13.4” 22.4 21.4 26.9 19.2 1.202” 0.906
0.15 0.141 20.8” 2 15 20.7 25.1 18.0 1.208” 0.837
0.10 0.094 33.8 ’ 20.4 19.8 2 1.3 15.1 1.044” 0.762

1. = Temperature of skin surf ace.
= Tsusperature of skm at the basal layer , 80~ beneath the surface. ‘

T.. = Temperature of ,imulant surface
Tot = Temperature of .imulant at depth of SOOp beneath the .ur (Scc.
‘Exposures < 3 sec . arc too short to permit temp. change at 500~ com parable to that at ROgi.

“Blood How changex influence surface temp . ratios in rxposurei ~ 10 sec .
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energy; the second, the absorbed energy; the third , the the ’ data. Then, for a given intensity of heat absorbed
observed exposure tirn(’ to produce a minimal blister by the skin , the time for which this intensity may be
in the blackened human living skin; and the fou rt h and tolerated safely is read to the left of the pain line;
fifth respectively, the measured maximum temperature reversible ’ inj ury occurs at coordinates between the pain
rise at the surface of the skin (~~T,), and that calculated and blister lint ’s , and irreversible damage to the right
for a depth of SOFt beneath the surface, approximating of the blister line . The median line shown is drawl)
the location of the basal layer (AT ). The next two through the mid-points between the parameters of pai n
columns show equivalent data for the skin simulant and blister .
except that the depth at which the temperature is meas For the benefit of those investigators who may wishtired in the simulant is 50O~s. The final two columns give to relate these data to colnparable observations of whitethe ratios between the temperature rises in the simu- burns , in the anesthetized , depilated white rat , thehint and the skin at the surfaces and at depth, respec- latter , derived from two differen t ~~ arelively. It is readily seen from the data tagged with an included in this figure. Both sets of data were nonnal-asterisk that e’xIx)sures less than 3 seconds in duration ized by correcting the observed exposure times to thoseare too short to permit a temperature change at 500tt commensurate with an initial skin temperature ofin the simulant comparable to that at 80~s in the living 32.5°C, which is the initial temperature of the humanskin. The data tagged with a double asterisk indicate skin data (a correction of —0.5°C in the Naval Air De-the region in which blood flow changes influence the velopment Center data and + 1.5- C in the Naval Ma-temperatures attained in the living skin and significantl y terial Laboratory data). It is seen that all the points fallalter the simulant temperature rise ratios. Thus, it IS to the left of t~e blister line and to the right of theobvious from the figures in the next to last column , median between blister and pain. The rat white burnthat the ratio of temperature rise of the simulant and may then be considered as approximating the secondthe skin surface is fairl y consistent for short-term ex- degree burn in a human , at least in this range of energyposures but falls off as the exposure time extends be ’ond and exposure time. It is noteworthy that within theabout 10 seconds. The difference in the ratio of tern- range of experimental data these points fall approxi-perature rise at depth in the skin and in the simulant mately on the median line of the human data but ap-(last column) is even greater because, in addition to van - proach the blister line in the extrapolated area whereable conductivity in the skin, the depths at which the the energy absorption rate is high and the tolerancetemperatures are measured are significantly different , time short. It may be that the human data curves tooTherefore, this ratio is constant only between about 5 would skew in a somewhat similar manner if experi-and 20 seconds’ exposure time. However , with suitable mental data were available in this region . However , the - 

-

adjustments a system could he provided wherein temper- deviation is not great and the present arrangement errsature-ti me histories of both skin and simulant may be on the side of safety , if at all , i.e., the tolerance timestranslated directly into injury integrals. The latter be indicated are shorter than they would he if , indeed , thecome protection indices on comparison of measurements human data should parallel the rat burn data.made under candidate fabrics with a damage scale in
which an integral of 1.0 is equal to destruction , less than To evaluate a fabric the general procedure consists
1.0, some measure of protection , and greater than 1.0, of exposing it to a rectangular heat pulse in such a man-
an increase in burn hazard by virtue of flaming or other ncr that the heat passing through it , may be measured
exothermic reaction of the simulant cover. Precise as with respect to time. When flame contact or convection
this may be, it is doubtfu l that so elaborate a system is thie ’ heating nu)de, the optical properties of the fabric
is really desirable as a standard or screening method have no bearing on the heat transmission but when radi-
since it would require multiple observations and corn- ation is the mode the optical properties are extremely
puter operations routinely. On the other hand , it might important.” For instance, the heat transferred through
well be suited to analyses of burn hazard s in situations a particular material of one color on exposure to radio-
where the heating pattern Is Irregular and live animals tion may he greatly different from that transferred
could not he used . This development is being pursued through an identical specimen of different color simply
us part of a continuing study on thermal inj t iry . because of difference s in reflection and absorption. In

any case, the crucial part of the procedure is the estab.
lishment of the energy flux absorbed by the skin under.
neath the fabric. For this purpose the NML skin simu-

MATE RIALS AND METHODS lant r Is very convenient. The fabric is overlaid on the
simulant and the temperature rise at a depth of 0.05

For the present purpose, a simpler system bawd on cm ( 50O,~) beneath the simulant surface is recorded
observed data’ and empirical relationships has been with respect to time on exposure to the rectangular
developed for routine use. This system is illustrated pulse. Routinely, the temperature rise noted at 3 sec-
in Figure 1 where tolerance times for different levels onds (2 seconds with high-intensity radiation ) has been
of thermal energy are plotted on log log coordinates, used as a reference point. FIgure 2 shows the tolerance
Pain threshold and mimimal thermal blister paramter s time for human skin related to the observed tempera-
derived from earlier work are used as the lower and ture rise at 3 seconds. Again the three zones of toler.
upper limits of skin Injury. In applying these data It once are delineated by the pain threshold and blister
Is absolutely essential that the heat pulse used be rec- threshold parameters. In using this system the absorbed
tangular, for any variation from this shape invalidates energy in cah/cm 2 sec may be found simply by dividing
1234 Aerospace Medicine • November, 1969
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the observed temperature rise by 36.2~C, the rise corn- left of the blister line, ‘non-protective’ (NP)  at X in-
mensurate with absorption of 1 cal/crn 2 see h> the bare cident energy .” For example, if exposure of a given
simulant.~u Of course’, it is not necessary that this fabric to a rectangular pulse of 1 eal/crn~ sec prod uces a
specific silnL ilant be used; any similar de’vicc calibrated temperature rise of 10 C at 3 seconds in the skin sim-
to yield a measurement of the energy absorbed by the ulant , reference to Figure’ 2 indicates a tolerance time
skin could he used just as well, of 3.2 seconds at the pain threshold parameter and 8.0

seconds at the blister i arame’ter. Similarly, if absorbed
energy flux is the quantity measured, then for the same

RESULTS AND DISCUSSION situation this would he 0.278 cal/cm2 sec and reference
to Figure’ 1 would indicate the saint’ tolerance time as

To provide interchangeability of data from different determined with the sirnulant. Th e’ fabric would be
laboratories, a uniform expression is necessary. For this designated as “PAP 3 see, PAR S see at 1 cal/crn~ Sec
purpose it is suggested that a cover or assembly that incident energy.” This system also provides flexibilit y
restricts the absorbed energy-time coordinates to the for description of the incident energy in that it could
area left of the pain line be termed “protective against be from a flame, or radiation from a source identifiable
pain ( PAP )-seconds at X incident energy”; that which in terms other than cal/cm 2 see, with the sole stipula-
confines it between the pain and blister lines he tenned tion that the exposure pattern used be a rectangular
“protective against blistering ( PAB )-seconds at X in~ pulse. For instance, if the source were a flame of known
cident energy”; and that which fails to confine it to the temperature but unknown heat flux , and a measurement
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FIg. 2. Ii.,m~,n skin tolerance time indicated by the temperatu re rise measured in a skin stim.
niant at 3 see’onds’ esposure to a rectangular heat pulse.
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F.VAI .UATION OF THERMAL PROTEcTION—STOLL AND CHIANTA

made with a calibrated receiver indicated the heat ab- best candidate of any number , the higher the value
sorption rate on rectangular pulse exposure to be 0.25 the better the protection afforded . Also, for those doing
cal/cm2 sec then the rating could be expressed “PAP research in this area , a wealth of additional data may
3.5 see, PAB 7 sec in contact with X°C flame.” Similarl y, be presented with little additional effort. Table II illus-

- 
- if the source were radiant and only the color tempera- trates these possibilities. Here are presented a sampling

ture known, the same data would be expressed as “PAP of fabrics which have been considered for thermal pro.
3.5 see, PAB 7 sec on radiation from X°C Source at X tection use arranged in order of Increasing protection
cm.” While these terms are somewhat cumbersome they capacity. The weight in ounces per yard square and
are more meani ngful than any single figure such as the the color are given as the commonest identifying char-
ratio of time to burn fabric-covered skin to the time to acteristics. The thickness is given to aid in visualizing
burn bare skin used in earlier evaluations.14 Also, the the bulk of the fabric (if desired for research purposes
protective capacity of the fabric would be clear to the description could be further amplified with thread
anyone reading the rating rather than to only those counts , air permeability, etc.). The data shown in this
conversant with this experimental field. This correla- table were derived from flame contact and are simpler
lion, of course, tacitly assumes that the fabric is re- to appreciate than those in Table Ill pertaining to radi-
moved immediately at the conclusion of the exposure ation, for few commonly-encountered flames exceed
and the skin permitted to coo) in an ambient environ- 1200°C ( ca. 2200°F), while radiation exposures may
ment approximating normal room temperature. Other- vary from virtually 0 to intensities of thermonuclear
wise, additional heat could flow into the skin from the magnitudes. Thus, the final three columns in Table H
fabric itself or from the surroundings causing additional may be considered to be quite representative of the
damage and upsetting the empirical correlation, protection afforded against actual fire exposures and ,

Researchers and textile developers for convenience therefore, have real meaning for the uninitiated .
might standardize on the single fi gure derived from the Interpretation of the data in Table III should be ap-
line drawn through the mid-points between the pain proached with caution and might best be left to the ex-
threshold and blister curves, in this instance labelled perienced, for materials that give excellent protection
“Survival” time. Physically the line represents points at at 1 ca1/cm~ sec or less may be totally inadequate in
which pain is produced but a blister is not; temporally a real situation where the radiation level may be much
it lies closer to the pain curve than to the blister curve, higher. In atomic explosions levels of energy many
since the damage rate increases logarithmically with times this magnitude are encountered , while emanations
skin temperature, automatically weighting this time on from ordinary radiation sources such as incandescent
the side of safety . The indicated survival time values lamps and open furnaces, at a reasonable distance, com-
may be compared to one another directly and such monly fall within the range of 1 cal/cm2 sec or less.
comparisons constitute a simple method of finding the Again, the net effect of radiant exposures depends

TABLE IL PROTECT ION AFFORDED FABRIC-COVERED SKIN IN CONTACT
WITH FLAMES AT 1200’C

- 

Protection Time—Flame Con tact
Protection Time—Flame Contact Flame Temp 1200’C

Fabric 
________________ ‘c~’i~ 

at I ~aI/cm’ ,ec flux Flux = 1.3 cal/cm’ Sec
Material Weight Thicknes, at Time to Time to Survival Time to Time to Survival

Log# Description oz/yd’ mm Color 3 sec Pain ( ,eC ) Blister (sec) Time ( lec ) Pain (Sec) Blister ( sec ) Time (sec)

42 Nomex 5.00 0.250 White 20.1 1.2 2.8 1.8 <1.0 1.9 1.2
Filament

279 P81 5.00 0.253 Gold 19.6 1.3 i O  2.0 <1.0 2.1 1.4
Filament

2025 Nomex.Staple 3.50 0.385 Green 18.8 1.4 3.1 2.1 <1.0 2.2 1.4
Herr ingbone

202d Noinex Staple 5.08 0.484 Green 14.0 2,0 4.9 3.0 1.4 3.1 2.0
166 Nomex Staple 4.82 0.510 Green 13.3 2.2 5.5 3.4 1.5 3.2 2.0
278 P81 Stap le 5.20 0.538 Gold 13.2 2.2 5.5 3.4 1.3 3.2 2.0
171 Nonsex Staple 4.85 0.568 Green 11. 7 2.6 6.2 4.0 1.8 4.2 2.7
267 Cotton 10.64 0.765 White 10.2 2.8 7.0 4.2 1.9 4.5 2.9

Simplex
269 Cotton 10.30 0.725 Gray 10.0 3.2 8.0 5.0 2.1 3.4 3.4

Simplex
268 FR Treated 11.67 0.729 Gray 9.1 3.6 9.0 5.7 2.2 5.9 3.8

Cotton Simplex
213 Noniex Staple 13.00 0.890 Green 8.4 4.1 10.5 6.4 2.8 7,5 4,9
236 Nomex Staple 10.70 0.966 Green 5.2 8.0 20.5 12.5 5,5 14.0 8.8

Knit Simplex
198 Nooses Staple 8.88 0.988 Green 4.6 9.0 22.5 14.5 6.3 16.0 10.0

Puffed
203 Nomex Staple 10.70 1.400 Green and 4.1 10.0 26.0 16.0 7.0 18.0 11. 2

& Fa irte x Silver
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TABLE UI . PROTECTION AFFORDED FABRJC.COV EREI ) SKIN EXPOSED TO
RADIATION FROM A SOURCE AT A BRIGHTNESS

TEMPERATURE OF 2300’C

Protection Time—Rad iat ion ir radiance (cal/cm’ ire
Fab r ic AT., at I cal/cm’ sec i Tt, = 2300’C) at Ti = 2300’C)

~ 

‘C/ H a t  ~~~~~~~~~~~~~~~~~~~ Tolera ble (orMater ial Weigh t Th,ckne,s  Time to Time to Survival ~~~~~~~~~ -
Lug Descript mn ox/yd.’ mns Color 2 sec 3 ,ec Pain ( see ) Blister (see ) Time (see) l ire 3 ,ec

42 
— - 

Nomex 3.00 0.250 White 3.8 5.7 6.8 
- 

175 
- 

10.9 5.7 2.6
Filament

279 PHI 5.00 0.253 Gold 4.8 7.2 5.0 1 2.5 7.9 43
Filament

2025 Numex.Stap le 3.50 0.385 Green 3.5 8.2 4.2 10.6 6.6 3.9 1.8
h erringbone

202s1 Nomex Stapl e 5.08 0.484 Green 4.4 6.6 5.6 14.1 8.9 4.9 2.2
166 Nontex Stap le 4.82 0.310 Gre en 4.3 6.7 5.5 14.0 8.8 4.8 2.2
278 P81 Staple 5.20 0.538 Gold 4.4 6.6 5.6 14.1 8.9 4.9 2.2
171 Nonies Staple 4.85 0.568 Green 4.4 6.6 5.6 14.1 8.9 4.9 2.2
267 Cotton 10.64 0.765 White 2.6 3.9 11.4 30.0 18.3 8.3 3.7

Simplex
269 Cotton 10.30 0.723 Gray 2.8 4.2 10.3 27.5 16.5 7.7 3,5

Simplex
268 FR Treated 11.67 0.729 Gray 2.3 3.4 13.5 36.0 22.0 9.3 4.3

Cotton Simplex
235 Non~ex Stap le 11.00 0.890 Green 2.3 3.7 12.0 32.0 193 8.7 3,9

~36 Nomex Staple 10.70 0.966 Green 2.4 3.6 12.5 33.0 20.5 9.0 4.0
Knit Simplex

lOB Nomex Stap le 8.88 0.988 Green 2.8 4.2 10.3 27.0 16.5 7.7 3.5

205 Noinex Stap le 10.70 1.400 Green and 2. 1 3.1 15.5 40.8 25.0 10.4 4.7
& Fa irt ex Silver

heavily upon the spectra l characteristics of the source mospheric conditions, etc. For this reason any specific
and the fabric, therefore, it is always necessary to iden - material under consideration would require far more
tif y the radiation source used in generatin g any data of extensive study. However, as a first approach this sys-
this kind. As used in Table III , the color or brightness tern provides a wealth of information quickly and
temperature (T b ) is perhaps the most universally ap- simply. With suitable sampling it can be used to m di-
plicable and convenient means of making this identifi- cate directly differences due to optical properties of the
cation. This information permits the user to apply fabrics. Indirectly, in conjunction with spectrophoto-
black-body radiation values in calculating the heat metric measurements, the same data may be used to
transmission at any other brightness temperature from compute heating effects at brightness temperatures
separate determinations of the reflectance and trans- other than that of the source used during measurement.
mittance of the particular fabric concerned’s and the In general the radiation data are perhaps most useful
protection time data contained in the table. It will be as guidelines for further study of given materials while
noted that two columns are devoted to the temperature the flame-contact data provide immediate evaluations of
rise in the simulated skin (AT,, ) , one observed at two protective capacity.
seconds’ heati ng time and the other calculated for three
seconds’ heating time. The observation is made at 2
seconds in order to protect the simulant from overheat- ACKNOW LEDCM ENT
ing when high irradiances are used. The calculation The authors are grateful to M r. john A. Weaver for the
( invariably at high irradiances , a linear extrapolation ) derivation of the slopes of the curves and error analyses ( avail.
to 3 seconds Is used in order to render these data corn- able on request), and to Mr. Lambert R. Munroe for his cx-
pat ible with Figure 2. Again, times to pain and to celent technical assistance.

blister and “survival” time are noted for the same fabrics
as appear in Table H arranged in the same order (al. REFERENCES
though the sequence no longer follows increasing pro-
tective capacity). The final columns of Table III show ~ M0NAItAN , T. I.. and W’ . I.. DnSKSEN : Progress in thermal

• r ~~
. . , .  

~ ~ ~ rad iation studies October-December 1961, Lab Projecttne intensIty OF rawat ion wulen may ye toteratcu ~, as 5(48-2, 5046-3 and 5048-16. Progress Report 26, Febru-
determined from the survival time parameter) for 1 ary 1962. Material Laboratory , N. Y. Naval Shipyard ,
second and for 3 seconds. These data suggest that Brooklyn, N. Y.
some of the fabrics would be effective in protecting 2. Lrrcni-IELD, J. T., ja. , and F. Wu.coxoN : A simplified meth-
against Injury from thermal radiation in the nuclear od of evaluating dose-effect experiments. J. Therm , and
weapons range . The latter area Is, of course, extremely There. 96:99. 1949.
complex because of the large number of variables to ~~‘ ~~~~~~~~ Caoscs, Ja.: Studies on Hash burns: Further re-

port on the protective qualities of fabr ics, as expressedbe considered , e.g., weapon yield , location of detona- by a protective index. Univ . of Rochester . Atom ic Energy
lion ( ground, air , etc.), distance from detonation , at- Project Report UR-354 dated 10/27/54.
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- Ed. J. P. Hartnett and T. F. Irvine , Academic Press Inc.,
8. STOU., A. M.: A computer solution for determination of N. Y. 1967,

thermal tissue damage integrals from experimental data . 14. STOLL, A. M.: Thermal Protective Capacity of Aviator ’s
IRE Trans. Med. Elec. ME-7 . 355-358, October 1960. Textiles, Aerospace Med. 33:846-850, 1962.

S

1238 Aerospa ce Medscine • November, 1969

~ 

. H 1  - - -- - -~~- - - -~~~~~-



- 
— 

- 
- 

~~~~~
-‘

~~
- -
~~~—. ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

D I S T R IB U T I O N  L I S T

REPORT NO. NADC-78209-60

FINAL REP ORT
LF3-7A

6.7 DoD Cost Category
Corportatlon Agreement No. 77-325

No. of Copies

NAVAI RSYSCON,AIR—950— D 6
2 for retention)
2 for AIR-531)
2 for AIR-53UE)

Naval Safety Center,Norfolk  2
NAVAIRTESTCEN (Aero Med Br )  2
ONR (Code 107) 1 —

FM (AC-100) , Oklahoma City  2
FM (CNII Librarj, AC-43.2), Oklahoma City 1
6570 AMRL, Wright-Patterson AFB 2

(1 for NRBB)
(1 for MRTL)

USAF SAN (SMBP), Brooks AFB 1
USA Natick L,boratores (Tech. Library) 1
DDC 1~2

S 

~~- —---~~--
--- - -- -

~~~
- -~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


