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SUMMARY

The spectral reflectance and tranemittence of»standard fabrics for ther-
mal radiation research, varying in color from undyed to deep black, wvere measured
for radiation of wave lengis from 0.10 to 2.7 microns. The spectral characteris-
tics of white sheeting, olive green 107 cotton sateen, and vind resistant poplin,
shade 116, were also measured. These standard cloths are being employed in the
thermal radiation studies at NML and other lsboratoriss. The reflectance for
carbon-are radiation of the standard fabrics renged from 0.6} for the wndyed
sateens to 0.09 for the deep black. The ecarbon-arc radiant transmittances ranged
from 0,12 for the undyed sateens to 0,00 for the dark gr8y, black and deep dlack.
The radiant absorptances ranged from 0.2% for the undyed sateens to 0.91 for deep

black.
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ADMINISTRATIVL INFORMATION

1. 7This investication has been conducted at the Naval Material Labaratory as
part of the promram originally proposed by Comnander, New York Naval Shipyarad,
confidential letter 599/15, Ser 960=92, of 15 liarch 1950 and approved Ly Durecau
ot Chips speedletter $99-(0)(3L:), Ser 3Lr-75, of 6 April 1950, The Thermal Ra-
diation studies at the Naval Material Laboratory are sponsared by the Armed
Foreces Speecial weapons iToject. 1The reflectince and transmittance data of the
standard fabrics were requested by Armed Forecs Special Weapons Project letter,
SWPEF-1 928 of 30 November, 1955 and the Quartermaster Research and Development
Command letter, QYRDO-PR5 of 30 November, 1355,

INTRODUCTION ,

2. A series of fabrics imve been prepared by the Quartermaster Research and
nevelopment Command for uwse by the various agencies conducting thermal radia-

tion effects studies under the sponsorship and coordination of ths Armed Forces
Special Weapons Project. These special fabrics consist of 9 os/yd< cotton sateen
dyed to various shades of gray with finely divided lampblack as a pigment and a
methyl cellulose binder, Also included in the standard cloths were a light weight
cotton shecting and a poplin to be employed as component of the Hot-wet uniform.
The cloths were designated as follows:

Qi=1, cotton, sheeting, L oz., bleached.

Q=-2, cotton, sateen, 9 oz., prepared for dying,

Q=3 cotton, sateen, 9 oz., 0.5.107,

Qb cotton, sateen, 9 0z., undyed, t,MC.

(Pi=5=65. cotton, sateen, 9 03., CMC and carbon black, light gray.
QHM-6-40. cotton, sateen, 9 0z., CMC and carbon black, medium grey,
Qi=7-22, cotton, sat-en, 9 oz., QC and carbon black, dark grey.
@¢-8-12. cotton, sateen, 9 o0z., CMC and carbon black, black,
Qi-s~7. cotton, sateen, 9 o0z., OMC and carbon black, deep black.
QA=iRG=1. cotton, We K. Poplin, 5 oz., Type II, class A, shade 1l6.

3¢ vor use in thermal radiation effect studies it is desirable to kmow the

spactral rellectace and transmittance as well as the radiant absorptance, re-
flectance, an’ transmittance far the particular source employed. The Naval Mae
terial laboratory has measured the spectral reflectance and transmittance for

wave lengths from Q.li0 to 2.7 microns and has computed thg radiant absorptance, .
reflectance and transmittance for the carbonearc and 3000 K blackebody spectrae

EXPERIMENTAL PROCEDURE

Le The spectral reflectance and transmittance of special fabtrics for thermal
radiation studies were measured employing three spectrophotometers covering

the wave length range from 0.L0 to 2,7 microns. The data for the visible spec=
trun, from 0sLO to 0,70 micron, were obtained Ly the General llectric, dual beam,
recordin;; spectrophotometer. ‘he near infra-red measurements, from 0,70 to 1,0
micron, were made with a similar spectrophotometer modified to mecasure longer
wave longtie. The data for the infrared wave lengths from 1,0 to 2.7 Tla'om,
wore moasurcd employin) a recording rellectometor, constructed at ML,

1-Tdbllorraphy,
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S. The data on the infrared reflectometer vwere extended to 0,50 micron 6 that
correlation between the three measurinz devices could de obtained.

6. In the visible and near infrared regions a vitrolite reflectance standard,

which had been calibrated against a smoked magnesium oxide surface by the Nation- \
al Bureau of Standards, was emplofed. The absolute rerlectancezot vitrolite was J
computed from data for magnesium oxide published by Middleton. 1

7. In the infrared region above 1.0 micron, an sluminized glass mirror was em-
ployed as a reference reflectance standard. The reflectance of the aluminised
mirror for wave lengths less than 1.0 micron was measured on the 0, E. Spectro-
photometers.and values for the longer infrared wave lengths vsro extrapolated
amploying the data for aluminised films as published by Hass.

8. When measuring transmittances for diffuse substances, in the visible and near
infrared, a light baffle was employed inside the collecting sohere of the General
Electric Spectrophotometer to block transmitted light that would be directly de-
flected to the receiving cell before reflection from the sphere wall. The fabric
samples were placed against the port in the sphere wall rather than in the normal
position for specular samples, The diffusely transmitted energy which failed to
enter the sphere in the specular position could be as much as SO per cent.

RESULTS

" 9. The spectral reflectance and transmittance for the standard fabrics are ;
given in Tables 1 and 2, For ease of inspection the spectral transmittance is :
plotted, in Figure 1 for the grays and in Figure 2 for the uniform fabrics.
The spectral reflectance is similarly plotted in Figures 3 and L, and the ab-
sorptance in Figures S and 6.

10, As an indication of the reproducibility of the reflectances obtained with

the instruments used at NML, it was determined that the reflectance of the

olive green cotton sateen deviated no more than ¢ 0,02 from the samples of the

9 oz/yd¢ 0G 107 cotton sateen investigated periodically during the past four years,

11, The trans~ .ttance of the three darkest grays, the deep black, the black and
dark gray was tound to be less than 0,005 for all wave lengths. The two outer
uniform fabrics, the 0C sateen and poplin, likewise did not transmit radiation in
the visible and near infrared but for wave lengthes longer than 1.0 micron the
transmittance was as high as 0,11 for the sateen and as high as 0.23 for the
lighter poplin., The light sheeting, intended for an underwear fabric, trans-
mitted 0,36 non-selectively in the visible and near infrared regions; for wave
lengths longer than l.L microns, however, the transmittance decreased irregular-
ly to a minimum of 0.15 at 2.5 microns. The transmittance of the medium gray,
light gray and undyed fabrics was about 0,01 at O.lL micron and at 2.7 microns,
with a maximum value in the region of 1.0 micron, dependent on the amomt of dye
added., The fabrics which transmit, do so selectively with wave length.

2y 3, 130blTopraphy - !
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12. The reflectance of the darker gray fabrics gradually increases from ite
lowest value at O.L microns to a maximum about twice this value at approvimate-

ly 2 microns, resulting in a selectivity to thls extent. The lighter grays and
undyed sateens show the typical irregular spectral reflectance of cotton fabrics
in general, with a maximum value in the red andnear infrared regions., The re- '
flectance is influenced only for the visible radiation by the {inely divided i
lampblack pigment. The uniform fabrice which were dyed olive preen have a low
reflectance in the visible region, the imregular reflectance varying from a low of
0.05 at O.L microns to a maximum of about 0.1 at 0.55 microns and decreasing again
for the red wave lengths. The reflectance for the uniform fabric increases rapid-
ly in the near infrared to values of 0.50 to 0.65 at about 1.3 microns and follous
the reflectance characteristic of the undyed fabrics for the lenger infrared wave °
lengths. The reflectance characteristic of having twice the reflectance for the '
green radiant energy than for the other e¢olors imparts the green color to the .
fabric; the low reflectance results in the dark or olive green shade,

13. The spectral absorptance for the three darkest gray sateens is high and
only slightly selective. The other fabrics have a wave length selectivity to
thermal radiation which is importamt in most studies.

lL. The radiant reflectance, transmittance and absorptance were computed for
the carbon-arc and the tungsten spectra and are listed in Table 3. Aleo in-
cluded in the table are the values for the fabrics with special absorption
characteristics prepared similarly as the present standard thermal radiation
fabrics, The absorptance of the standard fabrics range from 91 per cent for
the deep black to 25 per cent for the undyed sateen. Table 3 illustrates that
the effect of the spectral selectivity of the standard fabrics is small for
the range of sources normally employed in lgboratory studies of intense thermal
radiation effects. The carbon-arc and 3000 Kblack body radiant absorptance re-
flectance and transmittance. for the three uniform fabrics, the 0,G. cotton sateen,
the poplin and the bleached sheeting however are appreciably selective,

15. The three darkest grays have no net thermal radiation energy transmittance

as determined from the spectrophotometric data; the other fabrics, however, all

have some transmittance even though only the L oz/yd3 sheeting has visible trans~
mittance. “he difference in radiant absorptance between the poplin and sateen
uniform fabrics is due only to the difference in the amount of infrared energy .
transmitted.

16, Visual examination of the gray fabries of recent fabrication compared to
those made several years ago indicates that the color deaignations will cause
confuslon. This is borne out by the reflectance and absorptance of the "deep
black" fabric which has less absorption than one previouasly called "dark gray*.
Considerable burn and other thermal effect data huwbeen obtained with the
earlier gray sateens which will be of value in studies with these fabrics if
proper corrections are made. For precise reference to a fabric the actual abe
sorptance would provide definite designation of the particul ar fabric. ‘

Approvead;
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Standard Fabries for Thermal Radiation Effect Studies

(2)

Dying

g
8
i

"

Sateen

Light Grey

Cotto
Sateen

(5-65)

Medium

Gray
Cotton Sateen

{610}

4

Sateen

(7=22)

Dark Cr
Cottm

Elack

Cottan Sateen

(E-12)
Deep Elack

Sateen

Cotwen
(9=-7)

{~ s

R

T

R

T

]

.85
0.90
0495
1,00
1.10
1,20
1.30
.40
1,50
1,60
1.70
1.80
1.90
2000
2.10
2420
2.30
2,40
2450
2,60
2,70

0
0.L6
049
0.52
0455
0,58
0.60
0,63
0465
0467
0,68
0,70
0,71
0,72
0,73
0,73
0472
y(
0.7l
047k
0474
0,74
0,72
0,71
0.71
0.68/0
0454
0456
0.63
0,61
0.58
0455
Oull
0,L8
0.Li2
0,39
0430
0,36
0434

0,07

0.03
0,04
0,05

0.08
0.09
0o.11
0.12
0.13
0.1l
0,15
0,16
0,17
0,18
0.19
0.19
0.19
0420
Ce20
0.19
0.20
0.1"
0.47
0,18
0,15
0,06
0,07
0.11
0.10
0,09
0,07
0,02
0.0
0,02
0,02
0.01
0.01
0.01

O.L
0.50
0653
0,56
0.59
0.61
0.63
0.65
0.67
0,68
0.70
0.1
0.71
0.72
0673
07k
0.72
0.7L
0.73
0.7h4
0.73
0.73
0.71
0.70
0.7
0.66
0454

0.63
0.61
0¢58
0.54
0640
0.48
0439
0eLO
0.29
0.36
0435

0,04
0,05
0.06
0,07
0,09
0.10
0.11
0.12

0013
0.1k
0,15
0,16
0.17
0.18
0.18
0.19
0,19
0.19
0.19
0.19
0.19
0.19
0.17
0.18
0,15
0,05
0,06
0.1l
0,10
0.09
0.06
0,01
0,03
0,01
0,01
0.00
0.0
0,01

OJlc
O.LL
0.L6
0448

0.51
0452
0,54
0455
0.55
0,56
0.57
0457
0.58
0459
0457
0,58
0,60
0460
0.60
0,61
0,60
0.61
0.61
0,62
0,62
0.51
0,53
0,58
0.58
0,57
0452

0,47
0439
0.40
0429
0.36
0.34

10,02

0.0

0,02
0,03
0.03
0,04
0.04
0.05
0.05
0,06
0.06
0,36
0.07
0.07
0.08
0,08
0,08
0609
0.09
0.10
0.10
0.10
0.10
0.11
0.10
0.1l
0,10
0,05
0,06
0,08
0.07
0.07
0,06

0,03
0,02
0,02
0.0
0.01
0.01

[¢ 1V
O.Ll
0.U5
Oeli6
Oels7
0.L47
0.L8
0.L9
0.L9
0450
0450
0051
0451
0.51
0,52
0.50
051
0453
0453
0.5L
054
054
Oe5L
0.54
0.56
0.56
0.50
0.50
0455
0455
0.54
0.51
0.Ll
0.)‘7
0439
0,39
0432
0437
0,36

0,01
0,02
0,02
0.02
0,02
0.02
0,02
0.03
0.03
0.03
0.03
0,03
0.03
OQOh
0,0l
0,0k
0,03
0.03
0,03
0,03
0.03
0,03
0.04
0.0L
0.04
0,04
0.02
0,02
0.03
0.03
0.03
0,03
0,01
0,02
0,01
0,01
0.01
0,01
0,01

0,16
0.17
0.17
0.18
0.18
0.18
0.19
0.19
0.19
0.19
0,20
0,20
0.20
0.20
0,21
0.21
0,20
0.21
0.21
0.22
0422
0.22
0.23
0.24
0425
0.26
0.25
0.25
0.27
0027
0.28
0,27
0425
0.26
0e24
0,25
021
0424
0.16

0,00
0.00
0.00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0,00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0,00

0.09
0.09
0.09
0.09
0,09
0.10
0,10
0.12
0,10
0,10
0.10
0.10
0,10
0.11
0.11
0.11
0.10
o.11
0.1}
o.11
0.11
o.11
0.12
0,12
0.13
0.1y
0.13
0.1L

0.1k
0.15
0,15

0,15
0,15
0,15
0.1

0.15

0.13

88888383

OOOOOOOO?OOOOOOOO

2888383858883

(e Xe]
..Q.O.
800

0
0

o
°

Q
(=]

0.00
0.00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
04,00
0.00
0,00
0,00
0,00
0.00
0.00

07000
0.07| 0,00
0.07/0.00
0,07/ 0,00
0,07/ 0,00
0.07{0.00
0,07} 0,00
0.08/0.C0
0.08
0,08
0.08
0.08
0.08
0,08
0.08
0,08
0,08
0.09
0,09
0409
0.09
0.09
0.10
0,10
0,10
Coll
0,11
0.11
0.12
0.12
0.13
0.13
0,13
0e13
0,12
0,13
0.12
0.12
0012

« reflectance

- tranamittance

1 ey ty.
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TLPLE 2

Labe Iroject S0 0 g
Pinal aport,

+ he Uniform Fabries

l"ave Lenc~th Fleached - Sotton Lotvan “:3;

Cotton Sateen Paplin '

(microns) Shaeting Uaed0)7 Chade 116 !

(1) (2) (15

3 T R T i T

) T.01 0e35 U0 A 1s) U050 0.00
0di2 0.51 0.36 0.0Y 000 CoCh Ce20
O.hh 0.61 0.37 0.0S 0.00 0.('5 0.00
0.L6 0.61 0.37 0405 N0 €06 0.00
0,48 0.61 0.36 0406 0670 0430 C.00
0450 0.61 0.35 0406 0.00 0.00 0.70
0.52 00‘1 0.3() 0.0? 90(‘0 1010 ‘)000
0454 0,60 0436 0.9 0.00 Oell 0,01
0456 0450 0.36 0.10 0,00 C.ll 0.01
0456 0.60 0.36 0.09 0,00 0.11 0.01
0,/0 0459 0.35 0,09 0,00 0.10 0,00
0,62 0.59 0.37 0,08 0.00 0,09 0,00
0.6L 0459 0.37 0.07 0,00 0.08 0,00
0.66 0459 0.37 0.07 0,00 0,08 0,00
0.68 0.59 0,37 0,06 0.00 0.08 0,00
0.70 0459 0.38 0.07 0,00 0496 0,00
0.75 0.58 0,37 0,08 0,00 0,09 0400
080 0459 0,37 0.11 0,00 0.12 0,01
0.85 0.59 0,37 0.15 0,00 0.17 0.01
0.90 0459 0.38 0422 0,00 0425 0,03
0495 0.60 0.38 0.30 0,01 0.35 0,06
1,00 0.59 0.37 0.37 0,03 0.43 0.10
1,10 0.58 0.37 0.52 0,08 0.60 0420
1.20 0.58 0436 0.57 0,10 0.64 0622
1,30 0.57 0.37 0.51 0,11 0.67 0424
1.'40 0058 0.36 0.60 0.10 0.66 0022
1,50 0450 0,27 0«51 0.08 0453 0,16
1,60 0.51 0629 0653 0406 0454 0.16
1,70 0.55 0434 0,60 0.09 0.62 0.19
1.30 0455 0.33 0,59 0,09 0.61 0.18
1.90 0453 032 0.56 0.C8 0.59 0.17
2,00 0.51 0630 0.54 0.07 0,55 0.15
2.10 0439 0420 0.0 0,02 0.39 0.06
2,20 0eli6 0426 0.LB 0,04 0.l7 0.10
2.30 0438 0420 0439 0.01 036 0,06
2.0 0,39 0420 0437 0,02 0e30 0.06
2,50 0431 0.1k 0.31 0.01 0629 0,03
2.60 0.37 0.19 0636 0.01 0636 0405
2.70 0.36 0.19 O¢3k 0,01 0.3% 0,05




Material Laboratory

of the Standard Fabries for Thermal Radiation Effects Stuiios

TABLE 3

b K N .
Iabe vrofeet Uiy Lo,

Filrad noport

~ The Carbon-arc md 3000°K Hlack=btedy
Radilant Absorptance, Reflectance and Trangmittance

T S

GMEDY, | MIDL Cloth Carbon-are 2000 ¥
No, | Color Cpaetrmm Hlrcksbodke
D v

R T A R T A
9«7 | Deep Rlack Cotton Sateen 0.09 | 0,001} 0,91 0.10; 0,00 C.50
8«12 | Black Cot ton Sateen Cell | 0.00] 0,89 0,121 G.00 0.88
7-22 | Dark Oray Cotton Sateen 0e21 ) OO0 | 0,79 0,23] 0.00 0477
6=40 | Medium Orey | Cotton Sateen 0.50] 0.02 | 0,47 0,51! 0,03 046
5«65 | Light COray Cotton Sateen 0.5L | 0,07 ] 0439 0.56| 04,07 0,37
L Undysd Cotton Spteen 0.63| 0.12 | 0,25 0.63] 0.13 0.2L
3 0.G. 107 Cotton Sateen 0.281 0,03 | 0,69 0.0 | 0,05 0.5%

2 Prepared for

Dying Cotton Sateen 0.63] 0.12 | 0.25 0.64) 0413 0.23
1 Bleached Cotton Sheeting | 0.58 ] 0.3L4 | 0,08 0.54 | 0433 0,13
RRS~<I | Shade 116 Cotton Poplin 0.30] 0.07 | 0.63 0,57 0.12 0.31
Black Cotton Sateen 0,0k | 0,00 | 0,96 0,05 | 0,00 0.95
Dark (rey Cotton Sateen 0,07 | 0,00 ] Cu?3 0.071] 0,00 0,93
Medium Crey Cotton Sateen 0.31 | 0,00 | 0,69 0.33] 0,00 0.67
Light Cray Cotton Sateen 0.50 | 0,06 0.k 0.52 | 0,06 0.li2
vhite Cotton Sateen 0.71| 0,15 | O.14 0.73| 0.12 0.15

e ]
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