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Mecsurements of the readiant exposure (as a function of irradiance) required
for the ignifion of alpha-cellulose at coutrdled levels of bumidity and for
various radiant atsorptances shov that the influence of the woisture ccntent
end the sbsorptivity of the material on i%s ignition behavior can be accounted
for by the appropriate modification of the correlation moduli previously
aerived. The elfects of moisture content and ebsorptivity were normalized by
adding the heat capacity of the water to thet¢ of the dry cellulose and by
multiplying both the rediant energy and irradisnce values by the appropriate

radiant absorptance.

Data were cbtained for dark cellulosic sheet fuel in the relative humduity
range 10 to 87 percent snd for sheet cellulose heving a broad range of absorp-
tance values. The data for 2ll but the white celiuiose correlate well to a
single ignition behavior pattern. It is suggested that this ignition pattern
is sufficiently general to be used to predict the ignition behavior of a
broad class of kindlirg fucliy,

Limiteé experimentation with wvhite cellulose indicates that for materiels
in the lov renge of absorptivity, the absorptance multiplier in the irradiance
modulus should be rsised to & power less than unity (approaching a value of
roughly one-half for white, highly diathermanous materials).
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SUMMARY

The _Iiroblem

It is well known that cellulose and cellulosic kindling fuels take up
water from the surrounding air to an extent which depends on the relative
humidity of the air. Previously it was not known, however, to vhat extent
this water influences the ignition behavior of kindling fuels. The purpose
of the experimental work repcrted here was to evaluate the influence of this
sorbed water.

Similarly, it is known that the darker kindling fuels ignite more readily
than lighte:r ones when exposed to thermal radiation. The magnitude of this
effect, however, vas not known to any quantitative degree. For this reason
the invertigation of the ignition of cellulose varying in color from black to
white was included in this study.

The Findings

The moisture taken up by cellulose when exposed to air having relative
hunidities in the range 10 to 87 percent causes small, but measurable,
increase in the radliant energy required to ignite the celiulose. This increase
appears to be primarily due to the hea* capacity of the added moisture with
little or no significant contribution from heates of desorption or vaporization.

The data for all but the dead-white cellulose correlated well to a single
ignition behavior pattern based on the heat conduction equation. It is
believed that this pattern can be used to predict the ignition behavior of
the bulk of thz kindling fuels enccountered.
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ADMINISTRATIVE INFORMATION

Background of Work

During FY 1954, the U. S. Naval Radiological Defense Laboratory initiated
a program;entitled "Thermal Radiation Damage to Cellulosic Materiels," spon-
sored by the Armed Forces Special Weapons Project with the primery objective
to study the influence of material properties and radiant energy exposure
parameters on damage to thick (wood) and thin cellulosic materiels and to
study the mechanisme of ignition of cellulosic materials by intense radiant
energy. In FY 1355 a sub-+task, entitled "Ignition by Thermal Radiation,” had
as its objective the study of the macroscopic ignition behavior of selected
systems of materials vhen exposed %o intense radiant energy and to ascertain
the mechanisms for the ignition-combustion processes.

Authorization and Funding

This work was euthorized by the Armed Forces Special Weapons Project and
wvas funded during FY 1954 through FY 1956 by Allotment 12001/53 and 92009/56,
FY 1957 by Allotment 92009/56, FY 1958 by Allotment 99178/58, and during
FY 1959 by Allotment 99178/59.

Description of Work

The ignition of celluloee and the products of pyrolysis were studied
during FY 1957 using the carbon arc radiant source, the Mitchell thermal scurce.
and the chrometographic equipment developed at this laboratory. Studies
included: (a) The influence of material properties and radiant energy exposure
paramcters on ignition by thin celiulosic materials. Parameters of concern
were the irradiance-time characteristics of the thermal pulse, the optical
properties, and the thickness and density of the material; (b) The mechanisms
of ignition of celiulosic materials of intense radiant energy.

During FY 1958 and FY 1959 the program, "Ignition by Thermal Radiation,"
was prosecuted by this laboratory, using the simulated puclear weapon pulse of
the Mitchell thermal source. The ignition behavior of alpha-cellulose materials
wvas determined in the same manner as was dome for constant irradiance exposures,
Particular attention wvas given the alpha-cellulose since this materisl is repre-
sentative of a broad class of ignitable materials. Variahles included wvere
density and thickness of material, simulated weapon yield and rediant power of
the exposure. The data obtained were correlated in a manner similar to that used
for the constant irradiance exposures.
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This report was prepared at the specific request of the sponsor, the Armed
Forces Special Weapons Project, and constitutes the conclusion of the studies
outlined in part (a) above. The second phase, part (b), the mechacism of
ignition of cellulosic materials of intense rediant energy, is curren'ly under
prosecuticn at this time,

It is hoped that information gained in these studies will lead to a better
understanding of the ignition process and will also result in the establishment
of the best possible technigues for the testing of matierials of interest to the
various agencies of the Department of Defense.

The authors vish to acknovledge the valuable asaistance of Willard Pflueger,
Captain, USA, vho gave freely of his time aside from hic normal duties as AFSWP
liaison officer to procure the many parts and items of equipment used and to
fabricate the controlled humidity exposure chamber in time to allow the comple-
tion of the experimental work on schedule.

Thanks are also due William Neall of the Radiological Safety Branch, USNRIL,
for making available the glove box used in the experiment.



IFTRODUCTION

The ignition behavior of sellulosic materials has been treated in some
detail in previous reports in this se~ies.l,2 Ry the use of a model celli-
lose fuel vhose physical properties ~an be changed without changing its
chesical composition and by the use of a data correlation technigue based on
the solution of the appropriate heat conduction equation, s genemlized igni-
tion behavior pattern was realized vhich revealed the interactir . between
such physical properties of tae material as density, thickness, specific heat
and conductivity and the parameters of exposure, irradiance asd total radiant
exposure.l This work vas subsequently extended in an investigation of the
effect on the ignition behavior of cellulose exposed to the input pulse vhich
is typical of nuclear weapon air bursts.?

Two parameters of the cellulosic fuel, its moisture content and rediant
(optical) absorptance, were purposely deferred to the last. Because of the
anticipated imgortance of their influence and the difficulties expected in
interpreting their interactiua ¥i*h the already cumplex system, it wvas deemed
vise to attempt to underriand, as w2ll as possible, the igniticn process while
bolding these two parameters fixed and then Yo evuluate them in turn.

This, the fourth and final part of the series, is a repcrt of the experi-
mental investigation of the infiuvence of the moisture content and the rediant

absorptance cn the ignition behavior of cellulosic kindling fuels.

EXPERIMANTAL

The theoretical basis for the choice of material and the geametry of
exposu.2 as well as the techniques of exposure and radiant power messement,
etc., have received adequate treatment in previous reports. pasticularly in

the second part of this series.l



The main unique feature of this experimsntal study vas the use of an
exposure envircament having controlled conditions of temperature and humidity.
It wvas decided prior to doing the experiment that it would be necessary to
hold the temperature constant to wvithin a degree and to be able tu obtain and
hold several levels of humidity wp to about 90 percent relative humidity (RH)
during the entire period of sample exposure. This was accomplished by modi-
fying a chemical glove box to make it an integral part of the source, i.e., the
last lens of the vptical system served as & windov for the rediation in the
exposure end of the bax (see Fig. 1). Air of the proper tesperature ané humi-
dity vas fed into the opposite end of the box at a rate sufficient to excliange
the air and effectively carry awvay the decomposition-combustion products but
not so great as to cause drafts (n the sample during exposure. To insure this,
baffles were placed in appropriats positions in the box: ons at the air inlet
to divert and break wp the air inflow, and & second above and bdehind the expo-
sure plane to form a fume-hood -chamber (having an exhaust port at its top)
above the sample to carry off the smoke and decomposition products as they
were released.

sourcs of dry air. Ry

A portable air-conditioning unit wvas used as
ca t to recycle, the temperature

diverting the conditioned-air swpply and causing
of the air could be lowered to about minus 100C, The air fed to the glove box
wvas dravn from this cold air supply vith a small centrifugal blower. This air
vhen sated to TSOF (24OC) consistently provided a 10 percent relative humidity
enviroument.

To get higher levels of humidity soms «f the recycling cald dry air was
allowed to escape to the room vhile a ccx*lled amownt of room air wvas allowed
to enter the stream to the glove box. PFor till higher humidities, steam from
a steam generator wvas fed directly into th« dry air stream. Although it wes
entirely possible to obtain controlled rel:tive humidities wp to 100 percent,
humidities above 90 percent RH were avoideu Leo:amse of the tendency of cellu-
lose to become wet, 1.e., to take up moistuw: Lrieversibly to the extent that
the fibers become saturated with 1iquid water. »ir this reason 87 pervent RH
was chosen as a convenient high midity operatins level. In practice the
cellulose samples were kept (for at least 12 hours before use) in desiccators
vhose humidities were controlled by msans of saturated salt soluticas or sul-
furic acid solutions. After environmental condiftions in the glove box had
been brought to the desired operating values, the samples were transferred into
<he glove box for final conditioning, usually 20 minutes before commencing rsdiant
thermal exposures, If, at any time during the preconditioning or final condi-
tioning, the humidity had insdverténtly exceeded 90 percent. there was thea a
distinct possibility that the material would have an erroneous)y high moisture
content which could very well persist through the experiment; consequently
87 percent RH wvas the upper limit for all of the experimental work.

e

Relative humidities were measured and continwously monitored throughout
each experimental rwr. by means of a specially constructed dew-point hygrometer.
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T™his device conists essentially of a 1/8 x 1/2 inch sllver bar with s heat
source at one end and & heat sink at the cther to provide a thermal gnulient
along its leagth. Heat wae provided y the ndiant ensrgy from a smll light
buld enclosed in a metal box vith a viniuv adjacent to Wt not in contact vitd
the yper end of the dar; this cegment of the bar was bdlackened to adsord the
rediation from the Buld. mmrmormwmmwm
bottom of the glove bax vhere it could de partielly ifimmereed in a dath of cold
vater or 1iry fce-acetome mixture to act as & heat sink. Ry varying the voltage
on the light tuld and bty adjusting the level of the cald dath, a comtrolled
teerature gredient could de p the ¢ the dar. The operating
tmmsm‘mwmmwmmmwmu&,mmmm
gradient could be varied from adbout 1°C/in. to scmevhat higher values over approxi-
mately a three inch, highly polished leagth of the silver In operation the
teaperature of the bar wvas adjusted

ace

balf of the palished sux? and the
a thermooovple Sunction imb)ided under the surfuce of the bar. 1ne refervnce
in the open aiy, and the voltagse differ-

thermocovple Junction vas located
ence betwveen the two junctions was fed to uerovolt.ur. Tsus, the “oltmeter
effectively indicated the difference betveen the temperature of the dev point and

that of the air. The voltags read from the voltmster was related to the relatis

eddi{ty by &« calibratica greph. This procedure permitted a very direct and
convenient means of ccntinuously monitoring the nmids4y during the experiments.

To facilitate handling, the samples vere cut into 1 1/2 inch by 1 3/4 inch
rectangles and individually mounted in bress shim-stock holders. Each holder had

an accurstely-centered 3/k inch diamster hole pwnched through it. A water-cooled
aperture vith a slotted guide received the holders and automatically aligned them

into the focal spot.

A preliminary series of exposures vas run (o compare this method of sesxio
exposure to the slower, more tedious method of aounting circular samples ir a
peripheral, three-point suspension. No sigaificant differences in the ig:ition
behavior for the two exposure methods cculd be found and it wvas concluded that
the one was equally as valid as the other. DBesides cutting down the time lost
vetween exposures, this nev method of mounting the samples provided a large
measure of pre-exposure handling convenience vhere it was necessary to go tkrough
the extra steps involved in, ani the storage provisions required by, humidity

pre-conditioning.

At one point ebout midway through the experiment some doubt concerning the
measurement of exposure dwvition arose. From the earliest use of square-wave
shutters on the Mitchell source, the time of exposure has been measured by means
of two microswitches actuated by the opening and closing blades of the shutter.
Previous measurements of the shape of the pulse made by recording the output of
a photoelectric sensor with an oscillographic recorder revealed no particularly
significant discrepancies between pulse duration and clock time (less than 0,02
sec). This time, however, there was found to be a difference of 0.05 to 0.07 sec.

E
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For the remainder of the work a photoeleciric timer desijned to measure the
pulse duration directly was used and all of the earlier exnosure duration values

wore corrected accordingly.

Three levels of humidity were used for this study, 10, 30 and 27 nercent RH,
As in the past, for any given irradiance level the exposure time for an ignition
effect wa3s found by {nereasing the time if the previous exposure failed to
{gnite the mample,and decreasing the time If the previous eoxposure succeedai in
nroducing an ignition, evch successive step being smaller than the nrevious,
When the exposure times for ignition were long enough, a atatistisal sequence
wvas employed to evaluate the variance ns well “s the rean (see Appendix of

reference 2),

RESULTS

The resulting ignition data for the three levele of humidity are shown in
raw form in Figs. 2, 3. and 4 and are compared to the previovusly established
ignition curves when moisture was not controlled. Figure 2 shows the data taken
at 10 percent RH, Pig, 3 at 30 percent RH, and Fig. 4 at 87 percent RH, It is
immediately apparent from these figures that the effect of moisture on ignition
energy is small and there is seemingly as much wvuiiation of the new data from the
old regression curves as there sre consistent differences in wvalues of ignition
ene:  between levels of humidity. Moreover, even the da*a for the low humidity
lie, in general, nbove the regreseion curves which represent nominal humidity
environment (30 - 50 percent RH). These dir~repancies will be discussed later

(see Discussion of Results and Conclusions).

The moisture content of the materials used are listed in Table 1 for the three
levels of humidity.

Table 2 lists the ignition energy values at three lisvels of irradianrce for
the alpha-cellulose materials having various optical absorptivities., These
materials are identical tc those previously used with the exception of thelr
carbon-black content, The listed values of carbon-black additive are in tcrms
of the percent by weight (dry) added to the pulp prior to forming into sheets and
are somevhat higher than the actual content of the finished material, The
radiant absorptances given arc estimated values for the spectral distribution of
the source (approximating a 5500°K black body) based on measured total nemi-:
spherical reflectances and transmittances in the visible region nnd the reported
near infrared anbsorptance characteristics of asimilar cellulosic materials. »9

It has been pointed out® that the heat crpacity of cellulosic materials
containing moisture is not equal to the sum of the heat capacities of the component
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TAEE 1
DESCRIPTION OF DARK* CELLULOSE MATERIAL USED

Nominal Thermal Moisture _ontent

Paper Thickness™*  Dens.*** (onductivitves (% of veight)
om mils (x3074 ) i0¢ RE "H 87% RH

4050 0.012 5 c.€2 1.5 2.3 3.8 1.9
4o 0.017 7 0.6k 2.0 2.3 5.8 1.5
k053 0.7 1 0.67 2.1 2.3 3.8 11.2
4095 c.05¢ 21 0.67 2.1 2. k.0 1.1
4096 0.078 31 0.68 2.2 2.6 b4 1.1
3-4096  0.234 @ 0. 69 2.2 2.6 b.b 134

# 2 1/24 (dry weight basis) carbon black added to pulp prior to paper manufacture.
Estimated absorptance rfor distribution of Mitchell Source 1. 1.9.

#% Specific heat capacity {dry) taken as 0.35 cal/deg/gm. Thermal conductivity
is for material having nominal moisture content.

##¢ Thicknese and density are dry basis values.



TAIE 2
IGNITION THRESHOLD OFF CELLULOSE BAVING VARYING RADIANT ABSORPTIVITIES

Paper Thicknens Denslty % Caibon Absorptance Ef*ect* Irrwdiance Radiant

(m) (&/) level Erergy

4070 0.029 0.%4 2.5 c.9 F 19.36 5.3
T 19.36 2.k2

¥ 14,9 5.3

17 14,84 3.22

7 9.58 %.58

[ 2.1 8.09

4069 0.029 0.54 1.0 0.8 F 19.36 .1
TP 19.36 2.0

F 14,84 5.71

T 1%.84 3.78

F 9.58 4.9

G 2.11 8.8

4075 0.030 0.54 0.25 0.7 F 19.36 6.83
TF 19.36 4,55

b 14 .84 5.86

™ 14,84 £ 28

¥ 9.58 6.65

G 2.11 10.38

4068 0.03%0 0.52 0 Gl F 16.36 Lk, 62
F 14,84 4k9.57

F 9.58 53.0%

* F - Sustaincd flamdng uuresheld,
G - Sustained giowiag thresiholid.
TF - (Transient flaming) - Sportanecus flaming throsacld.
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substances, but exceeds this by an amount vhich depends on the heats of
absorption or desorption of water vapor. Thie "elevation of the specific heut”
of eol.luloug substances in terms of the moiasture content and temperature has
been derived® from the vork of Stamm and Loughborough! cn the thermodynamice

of the swvelling of wood by moisture, from the measurements of Stitt and

on the specific heat of dehydrated vegetables at various moisture coantents, and
thermal data of Katz? for cotton and wvood Though there is shown to be a definite
increase in heat capacity over the component sum for a material undergoing rapid
heating from ambient to its ignition temperature, it quite unlikely that
at any point this increase will exceed 0.07 cal deg"l gml (dry basis) for
materials baving moisture content of 12 percent or less. Compared to the sua
of t?c specific heats of the dry ms‘erial and the sorbed wvater, 0.3% to 0.37 cml
degl gl for the alpha-cellulose ssed in this study, thic elevation appers to
be rather small. YFor the rwrpose of correlating the experimental data obtainued
in this investigation, any attempt to compensate for the elevation of the speci-
fic heat (because of its relatively small effect and because of the rather large
uncertainty of its actual value) has been purposely avoided. It is important to
keep this factor in mini, however, since its importance will be reflected in the
lack of correlation, 1f any, of the data.

The correlation technique used in the earlier workl made use of a plot of
an energy modulus Q/pcL#* versus the Fourler Modulus artg/12. Combination cf these
moduli results in a third modulus, the irradiance modulus HL/K. Though neither
Q/pcL or HL/K ie dimensionless, their use 1s now generally preferred because cf
the ease of interpretation of their correlation plots.

In attempting to correlate date taken with materials having different mois-
ture contents and radiant absorptivities, the most naturel approach is to modify
the correlating parameters in such a wvay as to compensate fo the superficially
apparent effects these factors have on the system and its in.eraction with the

rediation.
For example, since by definition the absorptance

a-.H%b.’. or  Heps = aH

and correspondingly
Qabs = &Q
It is reasonable to multiply both moduli by the absorptance values of the

materials under investigation. It has already been mentioned that, to a first
approximation at least, the thermml capacity of the moist material will be greater

* See Glossary of Terms.



than that of the dry material by the hsat capacity of the water contained.
Accordingly the energy modulus may be expressed in terms of the thermal proper-
ties of the dry fusl and 1ite moisture content, thus

. L 5~ » the modified coergy modulus. (1)
Pocolo (1 + Da;)

Modsture vould appear to have a twufold effect on the irrediance modulus.
The first i1s a change in the thermal ccaductivity. The conductivity of cellulosic
meterials 1s knovn to0 be a function of the density of the material. SawerlO has
compiled conductivity data for various cellulosic materials in sheet fona having
moisture contents in the range O - 8 percent and shown that the valuss vhen
Plotted against density fall quite closely along & smooth curve, The portican
ottheamolyin.bctvnndwutynlmofo.snndl.o-c-'jiluprund

adequately well by
K = (b.60 - 0.75) x 20°% (2)

The second effect of moisture on the irrsdiance modulns is involved in the
svelling of the material. For some time after manufacture the alpha-cellulose
mterial exhibited a gredual change in thickness probably due to the relaxation
of ~mpressed fibers. Distinct from this is a reversible swelling exhibited by
tee  gterial on the sorption of moisture. Dimensional changes can be repre-

sent~l w an empirical expression of the type

L =Ly (1 +Bmo,) (3)
The swellin, " sheet form material is predominately in one directionm,
the thickness cin « Thickness measurements vere made of the materials used,

both at coutr lli: .8 of humidity and vhen oven dry. These determinatiors

indicated that tiL .we Of B in the swelling relationship is very close to one
and has subsequently been ignored. Neglecting the other small dimensional changes 2

ve may write

l+m
° = fo (T3me, ()

P h-é + 5-85 ') < 0'75 o b
K = 2o a3 x 107 (5)

and for the modified irradiance modulus

& HLo(l + mo,)°
m-fo-rmx]?&i*)mc, (€

12



nde afler considering

i{anee rodulus orn be o
From ajmtion

Sone simnlifieeation cf the {rr
the magnitude of chanres {n conductivity due to mojsture content,
(5) the ealculated valus of thermal conductivity for the dry material (assuring
Po * 0.7) is .47 x 1074 “nd for material contairing 10 percent =oist:ure i:
2,52 x 1074 cal e deg~l e==2 secl, Koraover, the awellinz inereases the
thickness mrameter and this compensates for the incre~ge in rﬂndxctivzty. C~rer

all, the irradiance rodulus exhibits a 4 percent charge for 0,7 gm em™’ mterial
Therefore, if noriaal (40 nerecent Rl) values of

taking un 12 nercent moiszture,
ercant

the thickness and thermal con uctivity are used, ar error of, at rmest, 2
is 11’»‘:01}'.

DISCUSSION OF RESULTS AND CONCLUSIONS

Jorrelation plots of the exnerimental data are presented in Figs, 5, £, 7,
and #, The curve which accompanies these data is not the centrnl tendency of
these dnta but that of the much mcrs extensive data taken previously rchen nco
attempt was made to control humidity or ambient temnerature, i.e,, equilibrium
moisture content 5 t 1 percent (30 - 50 percent RH) nnd ambient tcrperature
300 + 259K, In addition to applying the correcticns for mcisturc as indicated
in the correlation moduli, the shutter timing error wis also taken into account,
Assuming all of the square-wave exposure time interv:ls measured in the previous
experimental study were in error by the amount indicated during the oresert,
study (see Experimental), two ccrrections would have to be applisc to Lhe old
data, The first 2nd moat obvious is a correction cf all emosur~ timee, Though
in the mair a 0,05 second correctior. is negligible, for the reletively few cases
where ignition phenomena result in a fraction of a second (gsrontanecus irmition
threshold for all materials and custained ignition for the very thin materials),
even such a small correction has a vrofound .nfluence. It was pgratifying to
discover that the previously inexplicnble lack of correlution for the 2, 4, and
6 mil material (see reference 1) is rectified by applying this correction,

The second correction stems from the fact that the determination of the
irradinnce level involves the measurement of the energy received by a calorimeter
during a sguare-wave exposure interval generally 0,5, 1,0, or 2,0 seconds
derending upon the magnitude of the irradismnce level, Correspondingly, then,
the timing error introduced a 10, 5, or 2-1/2 nercent error into the measuremer:
of irradiance nnd a similar error in the calc: lated radiant exposure value,

All of these corrections were applied and the resulting curve (show.. in the
figures) is the best eatimate of the centrni tendency cf all of the previous

gsquare-wave ignition data.

13
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With the exception of the data for the pwe vhite cellulose, all of the
experimertally determined points fill quite closely around the curve; and 1t
can be concluded that for relative humidities in the range 10 to 87 percent
and for rediant absorpta.ces above 0.0 (approximately "dove" ;rty;, the igni-
tion behavior of alpha-cellulose is described by the correlation pattem
previously derived by simply correcting for the beat capacity of the mcisture
contained and by multiplying both the energy and irrediance values by the
radiant absorptance of the material for the source of radiation. Mreover, 1t
is suggested that this ignition behavior pattemrn is sufficiently general that
it can be used to predict the behavior of a broed class of kindling fuels.
Moisture content as a function of relative humddity has been determined for a
number of cellulosic materials’s7,1l and radiant absorptivities of typical
kindling fuels both as a functiom of wnvcltngth and for specified radiation
sources are to be found in the literature.%,2,12 Byrem et al® 1ist absorpti-
vities of common forest fuels for a spectrel distribution equivalent to a
10,000°K black body radiating thrcugh 2,000 yards of normal atmosphere.
Included are materials whose visual appearances range fror dark brown to "straw
colored." Reported absorptivities range from 46 to 83 percent. Byre and
S 11st rediant absorptances of interior fuels for 2600°K and 6000°PK
black bodies. Shredded newspaper, one form of the moet common interior and
transient exterior fuels in habitated areas, was reported to have absorptances
of 0.54 and 0.55 for the low and high temperature sources, respectively. A
cursory examination of the literature reporting on tiesnsient exterior and
interior fuel surveys of urban areas reveals that the predominant forms are
those having intermediate vaiues of optical absorptivities, i.e., 50 to 75

percent.

For those materials whose absorptivities are in the lower range, a cl.ightly
different choice of correlation parameter groupings might be resorted to.
Simmsl> has ncted that the absorptivity of & material affects the irradiance
level for ignition lese than the total radiant exposure. He points out that a
material of low absorptivity absorbs little of the incident radiatic: until
charring begins, when its absorptivity and therefore the energy absorbed increases
rapidly. Assuming that charring and the emiesion of volatilee occur at about
the same temperature and thus that 1little lcss of volatiles occurs before
charring, he suggests that there is litile dlfference in behavior between
blackened and unblackened material. Ow experimental observations gemerally
support this view. White alpba-cellulose consistently ignited with flames at
irradiance levels too low to agree with flemfrng-dgnition data for materials cf
greater absorptivities., This irdicatee & peed for an exponent with a value less
than unity on the absorptivity term of the {irrudiesres-modulus.

To 1llustrate this point, the data for the materials having differcnt opti-
cal absorptances are replotted irn Fig. 9 using the square root of ‘he absorptance
in the irradiance modulus. The correlation of the vhite material is considersbly
improved though there i3 some lack of corvelation introduced into the other data
as a result. It appears that the valae of the ¢aponent applied to the abeorptance

18



L]
'- ]
E
-
L |
n
i
3
[ THAMYE &T I W
w10
o e
l FAPLR
any w0
LR r l.l
ai B
[ AEY *
|
[ [ YU U W 111 L e C— | = i i i . J—— bt
1o 0t o
|y
{ @y
¥ Inominal

Fig. 9. Illustration of the effect of the use of V& in the
irradiance modulus.




o

ia the irrsadiance aocdulus is some function of the absorptance approaching uaity
vith blacker, more opaque materials. Yor all practical purposes, however, since
most materials have absorptivities of 50 percent or more, the correlation curves

based on

adequately describe their ignition behavior. To estimate the type of ignition
to be expected for the lighter materials, one can resort to the use of

n
aKHL’ n<1

the value of n to be estimated from the appeermnce of the material.

Approved by:

A LuTAhe_

A. Cuthrie, Head
Nucleonics Division

For the Scientific Director
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GLOSSARY (X* TERMS

Units (c.g.s.)

Symbol
e radiant absorptance dimensionless
B empirical constant o ‘-2
c specific heat capacity cal ds;’l ¢°1
: radiant pover, irrsdiance cal ca™2 gecl 7
L thickness dimension om
m moisture coctent (% of dry weight) dimensionless
o (used as & subscript) refers to dry
basis values
Q rediant energy, radiart exposure cal am-2
5 (used as subscript) refers tc constant
irrediance (square-wave) sxposure
t exposure duretion sec
v (used as subccript) refers to Ligid Hy0
a thermal diftusivity (a = K/ePc) cxf secl
K thermal conductivity cal cn a2 sec-l deg-l
p density € 3
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U. S. NAVAL RAJIOLOGICAL DEFENSE LABORATORY
8AN FRANCISCO 24, CALIFORNIA

Prom: Commanding Officer and Director
Tos Dopartment of Defense Agencies on Distribution List for Report

Subj: U.S., Naval Radiological Defense Laboratory Report USNRDL-TR-295;
forwarding cf

Encl: (1) U.S. Nawval Radiological Defense Laboratory Report USNRDL-TR-295
(AFSWP-1117) entitled "Thermal Radiation Damage to Cellulosic
Materials. Part IV. Influence of the Moisture Content and the

Radiant Absorptivity of Celluloesic Materials on their Ignition
Behavier® by S, Martin, K.A, Lincoln and R,F., Ramsted.

1. Enclosure (1) is forwarded for your retention.

2. Subject report, USNRDL-TR-295, is Purt IV of & four-part series and
marks the completion of the first phase of the work:s "The Influence of
Material Properties and Radiant Energy Exposure Parameters on Ignition
of Thin Cellulosic Materials.™ This work was prosecuted under the spon-
sorship of your headquarters and is currently listed in the USNRDL FY59
Technical Program Document as Program A2, Problem 13,

3. Although this publication marks the termination of sclentific investi-
gation into the influences of certain parameters on ignition of thin cellu-
losic materials, a further publication is contemplated to present the
information published in all four parts. This sumary report will present
the information with emphasis on its application to common problems.

4, Currently the scientific investigation has turned to the second phase
of the problem, "The Mechanism of Ignition of Cellulosic Materials by

Intense Radiant Energy".
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