/\} 66/ /)\)‘Zm

THE SOLAR REFLECTANCE AND/OR HEMISPHERICAL
EMITTANCE OF SELECTED SPACE SUIT MATERTALS

Contract No. NAS 9-3684
NASA Manned Spacecraft Center
Control No. PR4-19-800G

532L4-6001-SU000 15 July 1965

QL»//,L,\

Sfgne Jerry T. Bevans
Head Thermophysics Laboratory

PSSV s

Approvédd: Robert P, Lipk¥s
Manager, cecraft Heat Transfer Dept.
TRW INC.

TRW SYSTEM GROUP
One Space Park . Redondo Beach, California



TABLE OF CONTENTS

SUMRY L] [ .

.
.
.
.
.
-
-
-
-
-
.
-

1. INTRODUCTION + ¢ & s s o s o o o o =

Materials Tested .+ « o & « o « o » o

2, MBEASUREMENT PROCEDURES A
2,1 Solar Reflectance Measurements .

2,2 Total Hemispherical Emittance Measurements

3, TEST RESULTS . « o o o v & o = = = o
3.1 Solar Reflectance Results « v e

3,2 Total Hemispherical Emittance Measurements

1+ . CONCLUSIONS . . . . L] . . L] . * L] .
5, ACKNOWLEDGEMENTS .« « « « ¢ «

REFERENCES '« 4 & v « o s o o v o s o «

—3ii-

Page

w W W W

A



10.

11.

12.

13.

Descripton of Sample Materials Measured

LIST OF TABLES

for Solar Reflectance . .« «

Description of Sample Materials Measured
for Total Hemispherical Emittance .

Values of Directional Solar Reflectance p
Sample No. A4, Polyurethane Foam Sandwic
a Rayon Dipped in Teflon Pigmen

Measured) and Nylon Treco .

Values of Directional Solar Reflectance, p
Sample No. 5A, 1/4 mil Aluminized Mylar)

Values of Directional Solar Reflectance, o
Sample No. 5B, 1/4 mil Aluminized Mylar

Values of Directional Solar Reflectance, p_, of
Sample No. 9, Aluminized DuPont HT-1 Nylon Fabric
Exposed to Ultraviolet and Vacuum . .

Valiues of Directional Solar Reflectance, Es’ of

Sample

Tabulated Values of Directional Solar Reflectance,
5, for Sample 124, 1/4 mil Aluminized Mylar

No. 11 .

(iluminized side) . . . .

Tabulated Values of Directional Solar Reflectance,

(ﬁylar

Values
Sample
Fabric
Side),

Values
Sample
Fabric
Side),

Values of Directional Solar Reflectance, p
Sample No. 16, Uncoated DuPont HT-1 Nylon

Tabulated Values of Hemispherical Reflectance

5, for Sample 12B, 1/4 mil Aluminized Mylar

Side)

of Directional Solar Reflectance, p_, of MSC
No. 15A Medium Weave DuPont HT-1 Nyion (Nomex)
with One Side Coated with 3M Aluninum (Aluminum
Aluminum Side Measured . . e e

of Directional Solar Reflectance, Es, of MsC
No. 15B, Medium Weave DuPont HT-1 Nylon (Nomex)
with One Side Coated with 3M Aluminum (Nylon

Nylon Side Measured

for Solar Radiation . . . «

Pas
hea b

of
etween
MgO (Side

of MSC
luminum Side)

, of MSC
(Mflar Side) .

p.s ©
?abr
Values of Directional Solar Reflectance, p., of

Sample No. 17, Uncoated DuPont Nylon Fabric Exposed
to an Ultraviolet Source in a Vacuum .

Page

10

11

i2

13

14

15

16

17

18

19

20



10.

11.

12,

13.

14.

15.

16.

17.

LIST OF FIGURES

Temperature Dependency of Hemispherical
Fmittance of Sample No. 4.1 « v o o o v o o ¢

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No. 5.1A .+ . . .+

Temperature Dependency of Hemispherical
Emittance of MSC Sample No. 5.1B . . . + « .

Temperature Dependency of Hemispherical
Emittance of MSC Sample No, 6.1 . .« « « . « &

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No. 8.1 . . . « « .« .

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No. 9 « « v o ¢ &+

Temperature Dependency of Hemispherical
Emittance of MSC Sample No. 11.1 . « + « « &

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No. 12.1A . . . « « &

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No., 12.1B . . . « . .

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No. 13.1 . . . « . .

Temperature Dependency of Hemispherical
Fmittance of MSC Sample No. 15.1

Temperature Dependency of Hemispherical
Emittance of MSC Sample No. 16.1

Temperature Dependency of Hemispherical
Bnittance of MSC Sample No. 17.1 . . . . o .

Sample é, Azimuthal Angle Og, Angles of Incidence

10°, 22°, 33°, 44°, 55°, 66°, and 80° . . . .

Sample 4, Azimuthal Angle LSO, Angles of Incidence

o}

10°, 22°, 33°, 4k

© 55° 66°, and 80° .

Sample 4, Azimuthal Angle 600, Angles of Incidence

10°, 22°, 33°, 4.°, 55°, 66°, and 80° . . .

Sample 4, Azimuthal Angle 90°, Angles of Incidence

10%, 22°, 33°, 4.°, 55°, 66°, and 80° . . . .

~1v-—

Page

21

22

23

24

25

26

27

28

29

30

31

32

33

34

38

L2

L6



e

18.
19.
20.
21.
22.
23.
2.
25.
26,
27.
28,
29.
30.

31.

32.

33.

LIST OF FIGURES (CONT.)

Sample gA Aglmuthal Angle O , Angleg of Incidence

10°, 22°, 33°, &%, 55°, 66°,

Sample gA Azimuthal Angle 5
10°, 22°, 33°, wa°, 55°, 66,

Sample SA A21mathal Angle 60

10°, 33°) 1°, 557, 66°

Sample SA Azlmuthal Angle 90
10°, 22°, 33°, w°, 55°, 66°

Sample gB Aglmuthal A%gle 0°
lO ) 337, AA , 557, 66°,

Sample gB Azlmuthal Angle 5

lo 3 33 ] h’l{' ] 55 ) 66 )
Sample 5B Azlmuthal Angle 60
10°, 33%, 10, 55, 66°,

Sagple 5B, Azlmuthal Angle 90

10°, 330, 10, 55°, €67,

Sample 9, Az1muthal Angle 0°
o]

107, . 33°, 112, 55°, 66°

and 80 . . . . . . . . .

) Angles of Incidence
and 80° v v v w e e e e

Angles of Incidence
and 800 . L] . L] . . . . L}

Anglgs of Incidence
and B o o s ov v v o8

Angles of Incidence
&nd 80 . . . . . . . . .

, Angles of Incidence
and 80° . . . v e e e e e

Angles of Incidence
and 8() . L[] . - L . L] *

, Angles of Incidence
and 80 . . . L] . L] * . .

, Angles of Incidence
and 80° . . ...

Sample 9 Azimuthal Angle AS , Angles of Incidence

o]

10°, 22°, 33°, W°, 557, 66°,

Sagple 9, Azimuthal Angle
10, 22°, 33°, 44°,

Sample 9, A21muthal Angle
10°, 22°, 33°, W°, 55, 66°,

and 800 e s e v e s s

Angles of Incidence
and S P

Angles of Incidence
and 8O e e

Sample ll Az1muthal Angle 0° , Angles of Incidence

o}

10”7, ,33°, 14°, 55°, 667,

Sample ll A21muthal Angle AS

10°, 22°, 33°, w°, 55°, 66°,

Sa%ple 11, A21mnthal Angle 60

10, , 33°, 1°, 55°, 66°,

Sample ll A21muthal Angle 90

O

10 3%, 10, 55°, 66°,

and 800 e e e e v s e e

, Angles of Incidence
and 80 B

Angles of Incidence
and g0 ... ..

Angles of Incidence
and 80 e f s s s e e

-

Page

50

S5k

58

62

66

70

Th

78

82

86

30

94

98

102

106

110



N

34.

35.

36.

37.

38.

39.

4O.

L1,

L2.

43.

Lby.

L5,

L6.

L7.

L8,

L9.

LIST OF FIGURES (CONT.)

Sample 124, A21muthal Angle 0°

100, 2%, 33°%, W, 55°, 66°,

Sample lZA Azlmnthal Angle 45°, Angles of Incidence

O

10 , 33°%, LL°, 552, 66°,

Sample lZA Az1muthal Angle 60

10°, 22°, 33 . 12, 55°, 66°

Sample 12A A21mnthal Angle 90

10°, 22°, 33 , 4., 557, 66°,

Sample l2B A21muthal Angle 0°

o)

107, , 33%, 14°, 55°, 66°,

Sample l2B Az1muthal Angle h5 , Angles of Incidence
10°, 22°, 33°, W4°, 55°, 66°

Sample l2B Az1muthal Angle 60°

10°, , 33°, A 55°, 66°,

Sample l2B A21muthal Angle 90

10%, 227, 33°, W°, 557, 667,

Sample 15A A21mnthal Angle 0°

100, 229, 33°, 1°, 55°, 66°,

Sample 15A Azimughal AngleOAS . Angles of Incidence

10°, 22°, 33°, kb, 55°, 66

Sample lSA Azlmnthal Angle 60° , Ang%es of Incidence
and 80

100, 22°, 33°, 47, 557, 66°,

Sample lSA Az1muthal Angle 90

O

10 , 33°, 1, 55%, 66°

Sample lSB Az1muthal Angle 0°

10°,

Sample lBB Az1muthal Angle 45°, Angles of Incidence

10°, 22°, 33°, w°, 55°, 66°,

Sample l5B A21muthal Angle 60°

10°, 22°, 33°, 4, 55°, 66°

Sample 15B, A21muthal Angle 90

10°, 2

’

, Angles of Incidence

and 80

and 80°

and 80

Ang%es of Incidence

and 80

Angles of Incidence

and 80°

and 80

Angles of Incidence

and 80

Ang%es of Incidence

and 80

, Angles of Incidence

and 80

and 80

Angles of Incidence

and 80°

Angles of Incidence
0 33°, 10, 55°, 667, and &0°

and 80°

Angles of Incidence

and 80°

5 Ang%es of Incidence
,33,1+1+,55,66,and80

-vi-

.

Angles of Incidence

Page

114

118

122

126

130

134

138

142

146

. 150

. 154

158

. 162

. 166

. 170

174



50.

51.

52.

53.

54

55,

56.

57.

LIST OF FIGURES (CONT.)

Sample 16 Azimuthal Angle O , Angles of Incidence
10°, 22°, 33°, 44°, 55°, 66°, and g0 . ...

Sample 16 Az1muthal Angle 45 , Angles of Incidence
o

10 330, 140, 55°, 66°, and 80° . . . .. .
Sample lé Az1muthal Angle 60°, Angles of Incidence
10°, 22°, 33°, 14°, 55°, 66°, and 80° . . . ... .

Sample 16 A21muthal Angle 90 gles of Incidence
10°, 22°, 33°, 14°, 55°, 66°, and 8° v e e e e

Sample l7 Az1muthal Angle O Angles of Incidence
10° 22° ; 33 , hh , 55 , 66 and 80 e e s e s

Sa%ple 17, Az1muthal Angle 45 Angles of Incidencs

10 2°, 33°, 44°, 55° 66°, and 80° 4 v . . . . .

Sample 17, A21muthal Angle 60 , Angles of Incidence
lO 22 , 33 s Lh ; 55 R 66 and 807 4« v s e e

Sample 17 A21muthal Angle 90 Angles of Incidence

10°, 22°, 33°, 1L°, 55°, 66°, -

-vii-

Page

, 178

182

186

190

. 194

198

202

206



SUMMARY
and/or hemispherical emittance of a number

This work was performed
NAS 9-368L,

The solar reflectance

of selected space suit materials are reported.

for the NASA Manned Spacecraft Center under Contract No.
control No. PR No. 4,-19-8009.



1. INTRODUCTION

The thermal design of a space suit is strongly dependent upon the
thermal radiation properties of the materials used in its construction.
The particular thermal radiation properties of primary concern are the
solar reflectance as a function of the angle of incidence (p(®8)) and the
total hemispherical emittance (EH). The following is a report of the
results of a program to measure these properties for a number of probable
space suit materials. This accumulation of information should be
valuable in the evaluation and selection of candidate materials for future

space suit designs.

MATERIALS TESTED

The materials tested in the program were supplied by the NASA Manned
Spacecraft Center. Tables 1 and 2 summarize the descriptions of these

materials as provided by the Manned Spacecraft Center.
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2, MEASUREMENT PROCEDURES

2.1 SOLAR REFLECTANCE MEASUREMENTS

The directional spectral reflectance was measured in an integrating
sphere reflectometer similar to that described by Edwards (1). The
messurements were performed with the reflectometer operated in the
nabolute mode" as described by Edwards, 1.e., the measurements were not
relative. The polar angles of incidence (measured from the surface
normal) were 10, 22, 33, 4k, 55, 66, and 80 degrees; azimuthal angles,
as measured from a reference point marked on the sample, were O, 45, 60,

and 90 degrees.

The value of solar reflectance for each angular setting was
calculated using the solar energy spectrum described by Johnson (2). The
hemispherical solar reflectance was computed by numerically integrating

the expression:

2n /2
kf p(8,0) sind cosd d@ do
o ° .

o} B

where

polar angle of incidence

¢ = azimuthal angle of incidence

As will be shown in the results, the azimuthal variations were negligible

for all test surfaces and the above expression reduced to

/2
Py = Lf p(8) d (sine)

2.2 TOTAL HEMISPHERICAL EMITTANCE MEASUREMENTS

The total hemispherical emittance was determined by cementing the

test samples to the large sides of a heater assembly. This heater assembly

consisted of a constantan wire resistor sandwiched between two pleces of
Mylar (0.001 inches thick). This resistance was again sandwiched
between two face sheets of 1100 Alloy aluminum and the whole unit bonded
together with epoxy cement. When completed, the heater assembly was

-3-.



approximately 4 1nches square (10 cm.) and 0.063 inches (0.16 cm. ) thick.
Measurement of cloth surface temperature is a difficult experimental '
problem and probably will never be solved satisfactorily. For these
tests, thermocouples were placed on the aluminum heater surfaces prior

to the cementing of the samples to the heater.

The sample-heater unit was suspended by the heater and thermocouple
wires within a liquid nitrogen cooled enclosure and housed in a vacuum
bell jar. This bell Jar was evacuated to a pressure of lO"6 torr or less.
Sample temperatures of approximately - 150, O, 100, and 250 F were sst
by adjusting the heat supplied to the samples. Equilibrium was
established by monitoring the temperatures indicated by the thermocouples
and data was not recorded until the readings were constant over a 20-40

minute time period.

The technique described above is essentially that given by Nelson
and Bevans (3) and is based upon minimizing the errors described in
that reference. Precautions were taken to minimize the edge effects by
covering the edges of the sample-heater assembly with aluminum tape.

The power was monitored by the usual four terminal resistor technique.

3. TEST RESULTS

3.1 SOLAR REFLECTANCE RESULTS

The directional solar reflectance measurements for the samples
listed in Table 1 are summarized in Tables 3 through 13. The calculated
hemispherical solar reflectances are given in Table 14. Note that no
azimuthal variations in this hemispherical property are given since
for the samples tested no azimuthal variation was found within the
accuracy of the measurements. The spectral directional reflectances

for these samples are given in Figures 14 through 57.

The effect of the degradation of ultravioclet and vacuum exposure
is quite evident upon comparison of Samples 5B and 12B and Sample 16 and 17.

3,2 TOTAL HEMISPHERICAL EMITTANCE MEASUREMENTS

The total hemispherical emittance of the samples listed in Table 2
are given as a function of temperature in Figure 1 through 13. Two
samples, No.'s 6.1 and 13.1, gave some difficulty in the measurement

=l



process. Both samples were a polypropylene laminated to an aluminum foil.
Separation of the aluminum from the polypropylene occurred on the first
sample tested, i.e., sample degradation. There was also some difficulty
in securing a satisfactory bond between the sample and the aluminum heater
surface. This latter problem was solved in succeeding samples by applying
a primer to the aluminum heater surface, but the measurement at ZSOOF

may have been affected by some material degradation.

The ultraviolet and vacuum degradation effects varied markedly
between the different samples. Samples 4.1 and 11.1 indicate a small
inerease in emittance after exposure and a change in the temperature
dependency. The same exposure apparently cleaned the aluminum surface
of Samples 5.1A and 12.1A with consequent decrease in emlssivity. For
the Mylar side of these samples (5.1B and 12.1B), no significant change
was indicated. Samples 6.1 and 13.1 were the two that were difficult
to test but below 2OOOF, the effects of degradation were slight.

A comparison of the results for Samples 16.1 and 17.1 show the degradation
effects to have been very slight.

4. CONCLUSIONS

The study reported herein was essentially a testing program and,
as such, the test results offer no conclusions. One point should
be made, however. The spectral reflectance measurements indicated
little azimuthal variation for the materials tested. This should not
be considered to be a general conclusion for all space suit materials.
Degradation by exposure to ultraviolet and vacuum conditions had an effect
which depended upon the sample material. Each material must be

tested for this condition and no generalization should be made.
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Sampie Side
No. Description Measured

A Two 1/8 inch layers of open celled poly- A
urethane foam sandwiched between a layer of
rayon dipped in teflon containing a pigmentation
of magnesium oxide (Side A), and a layer of
nylon treco (Side B).

5 Seven layers of 1/4 mil Mylar uncoated on one A, B
side (Side B) and coated on the other side with
monomolecular aluminum (Side A), separated with
six layers of unwoven dacron spacers,

9 Fine weave DuPont HT-1 nylon (nomex) fabric A
with 3M aluminized coating in one side (Side A).
This sample has been exposed for 12 hours to a
high vacuum (10~7 torr) and the aluminized side (A)
was exposed to a UV rich solar simulation source.

11 This sample is the same as Sample 4 except that A
the sample has been exposed for 12 hours to a high
vacuum (10~7 torr) and the rayon dipped in teflon
side was subjected to UV rich solar simulation
for 12 hours.

12 This sample is the same as Sample 5 except that A, B
the sample was exposed to vacuum and the Mylar
side subjected to 12 hours of UV rich solar
simulation.

15 This sample is a medium weave DuPont HT-1 nylon A, B
(nomex) fabric with one side coated with 3M
aluminum (Side A).

16 This is an uncoated DuPont HT-1 nylon (nomex) A
fabric (Side A) backed by 7 layers of NRC-2
aluminized Mylar separated by 7 layers of
unwoven dacron spacers.

17 This sample is the same as Sample No. 16 except A
the sample has been exposed to vacuum (10~7)
and the nylon has been subjected to a UV rich
solar source for 12 hours.

Table 1: Description of Sample Materials Measured for Solar Reflectance

3*
NASA Marnned Spacecraft Center designhation and description.



Sample
No.*

4.1

5.1
6.1

8.1

1.1

12.1

13.1
15

16.1
17.1

Description

This is rayon fabric dipped in teflon containing
a pigmentation of magnesium oxide.

Tnis is a sheet of 1/4 mil Mylar with one side
covered with a monomolecular layer of aluminum

(side A).
Tis is a 0.45 mil polypropylene layer (side B)
laminated to a 0.18 mil layer of aluminum foil
(side A).

This is a sheet of 1/4 mil Mylar with one side
covered with a monomolecular layer of gold
(side A).

Fine weave DuPont HT-1 nylon (nomex) fabric with
3M aluminized coating in one side (side A).

This sample has been exposed for 12 hours to a
high vacuum (10'7 torr) and the aluminized

side (A) was exposed to a UV rich solar
simulation source.

This is the same as Sample No. L.l except that
the sample was exposed to high vacuum (107 torr)
and (Side A) subjected to UV rich solar simulation

for 12 hours.

This is the same as Sample No. 5.1 except that
the sample was exposed to high vacuum (1077 torr)
and the Mylar side subjected to UV rich solar
simulation for 12 hours.

This is the same as Sample No. 6.1 except that
the sample was exposed to high vacuum (10‘7 torr)
for 12 hours.

This sample is a medium weave DuPont HT-1 nylon
(nomex) fabric with one side coated with 3M
aluminum (Side A).

This is uncoated HT-1 nylon fabric.

This is the same as Sample No. 16.1 except the
sample has been exposed to high vacuum (107 torr)
and UV rich solar simulation for 12 hours.

*
NASA Manned Spacecraft designation and description.

Table 2: Description of Sample Materials Measured

for Total Hemispherical Emittance

-8—

Side
Measured

A

A, B



3 3
Azimithal Angle Polar Angle of Directional Solar

of Energv Incidence Energy Incidence - Reflectance
© ® Pg

0° 10 0.76
22 0.76

33 0.77

by 0.77

55 0.78

66 0.79

80 0.82

1,5° 10 0.76
22 0.77

33 0.77

Ll 0.78

55 0.78

66 0.79

80 0.82

f0° 10 0.76
22 0.77

33 0.78

L 0.78

25 0.78

66 0.79

80 0.81

90° 10 0.76
22 0.76

33 0.76

Lh 0.76

25 0.79

66 0.80

80 0.81

Table 3: Values of Directional Solar Reflectance, P
of Sample No. 4, Polyurethane Foam Sandwicfied
between a Rayon Dipped in Teflon Pigmented
with MgO (Side Measured) and Nylon Treco

*
The angle swept when a line in the plane of the sample is rotated counter-clockwise
about the sample normal. The zero reference angle was arbitrarily chosen as the
direction of the warp.

33
The angle between the surface normal and the incident energy beam. .



* ¥t
Azimithal Angle Polar Angle of Directional Solar

of Energy Incidence Energy Incidence Reflectance
¢ 8 ' 55
0° 102 .91
22O 91
330 .91
hho .91
55 .50
660 el]
80 .88
L5° 100 .91
22o .91
330 .91
hho .90
552 .90
660 .89
80 .88
40° 10° .91
222 .91
337 .91
ALO .90
550 89
660 .89
80 .88
90° 107 .91
220 .91
330 .90
ALO .30
552 .90
660 .89
80 .88

Table L: Valies of Directional Solar Reflectancs, Bs’ of MSC Sample No. 5A,
1/ mil Aluminized Mylar (Aluminum Side)

*
The angle sept when a line the plane of the sample is rotated counter-
clockwise about the sample normal. The zero reference angle was
arbitrarily chosen.

ar

""Te angle between the surface normal and the incident energy beam.

~10-



Azimuthal Angle* Polar Angle of ¥ Directional Solar

of FEnergy Incidence Energy Incidence Reflectance

% e Pg
0° 10° .86
22 .86

33 .85

LL .85

55 .84

66 .82

80 .80

L5° 10° .86
22 .86

33 .85

L .85

55 84

66 .83

80 79

60° 10° .86
22 .86

33 , .86

L4 .85

55 .85

66 .83

80 -78

90° 10° .86
_2 .86

33 .85

L .84

55 .84

66 .83

80 .78

Table 5: Values of Directional Solar Reflectance, 38, of MSC
Sample No. 5B, 1/h mil Aluminized Mylar (Mylar Side)

¥ The angle swept when a line in the plane of the sample is rotated
counter-clockwise about the sample normal, The zero reference
angle was arbitrarily chosen.

3% The angle between the surface normal and the incident energy beam.

S =11~



¥ H¥
Azimuthal Angle Polar Angle of
of Energy Incildence Energy Incidence

~ ¢

OO

45

60

90

Table 6: Values of Directional Solar Reflectance,

8

10
22
33
Ly
55
66
80

10
22
33
Li
55
66
80

10
22
33
L,

25
66

80

10
22
33
Ly
55
66
80

Directional Solar
Reflectance

Py

90
.91
91
.90
.88
.87
8L

l9l
.92
91
.90
.89
.88
.84

.88
91
«90
.89
.88
.88
8L
.88
.91

55’ of Sample No. 9, Aluminized DuPont HT-1
Nylon Fabric Exposed to Ultraviolet and Vacuum

*The angle swept when a line in the plane of the sample is rotated counter-

clockwise about the sample normal.

The zero reference angle was arbitrarily

chosen as the direction of the woof for Sample 9 and the warp for Sample 4.

3¢
The angle between the surface normal and the incident energy beam.

-2~



¥
Azimathal Angle* Polar Angle Directional Solar
of Energv Incidence of Energy Incidence Reflectance

e P

® 8

0° ' 10
22
33
LL
55
66
80

45° 10
22
33
L

55
66

80

50° 10
22
33
LL

55
66

80

90° 10
22
33
Lo
55
66
80

OCO0O0O0O0O00

- - . - - * >
333

NN IwnmEWWHEH

9922 ~3~3-3-3

W W

CO0000O0
~3 3

L 3 - - - L ] -
B R B B R R I R
HH 98WNNDHE 3o

0000000 OO0OO0COQO0O0O

92223
SEF N

Table 7: Values of Dirgctional Solar

Reflectance, pg, of Sample No. 11

*

The angle swept when a line in the plane of the sample is rotated counter—clockwise
about the sample normal. The zero reference angle was arbitrarily chosen as the
direction of the warp.

The angle between the surface normal and the incident energy beam.

-13-



&

. ¥
’ Polar Angle of Directional Solar

Azimithal Angle‘

of Energy Incidence Energy Incidence Reflgctance
o 8 Pg
° 10° .88
° 22° .88
33° .88
14.° ,88
55° .87
662 .86
80 .82
© 10° .89
w0 22° .89
33° .88
442 .87
55° .87
66° .86
80° .83
© 0° .89
*0 %2° .88
33° .88
L4° .88
55° .86
66° .86
80° .83
0° 10° .88
’ 22° .88
33° .88
LL° .87
55° .86
660 .86
80 .83

Table 8: Tabulated Values of Directional Solar
Reflectance, p_, for Sample 124,

1/4 mil Aluminized Mylar (Aluminized Side)

¥*
The angle swept when a line in the plane of the sample is rotated counter-

clockwise about the sample normal. The zero reference angle was arbitarily
choaen.

3%
The angle between the surface normal and the incident energy beam.
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¥
Azimuthal Angle* Polar Angle of Directional Solar

of Energy Incidence Energy Incidence Reflectance
® 6 Pg
0° 102 .79
22 W79
33, .78
M I77
55 77
66 .76
80° N
45° 102 .79
22O 79
33, .78
Lh .79
55 ST
66 .77
80° .75
60° 100 .79
22 .79
33, .79
AL .78
55O 77
66 .76
80° . Th
90° 10o .79
22 .79
33 .78
hh .78
55 77
66 .76
80° .73

Table 9: Tabulated Values of Directional Solar
Reflectance, p , for Sample 12B,

1/4 mil Alumlnized Mylar (Mylar Side)

*
The angle swept when a line in the plane of the sample is rotated counter-
clockwise about the sample normal. The zero reference angle was arbitrarily
chosen.

3¢
The angle between the surface normal and the incident energy beam,
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Azimuthal Angle* Polar Angle of*¥ Directional Solar

of Energy Incidence Energy Incidence Reflectance
0 0 7y
0° 10° .87
22 .88
.88
4, et
55 .86
66 .84
80 .79
o 10° .87
» 22 .88
.88
i a6
55 .85
66 .83
80 .79
° 10° .86
. 22 .88
.87
i
55 .86
66 .83
80 .79
° 10° .86
7 22 .88
33 .87
L .86
55 .86
66 .84
80 .79

Table 10: Values of Directional Solar Reflectance, p_, of
MSC Sample No. 15A Medium Weave DuPont

HT-1 Nylon (Nomex) Fabric with One Side Coated
with 3M Aluminum (Aluminum Side), Aluminum Side
Measured

The angle swept when a line in the plane of the sample is rotated
counter-clockwise about the sample normal, The zero reference
angle was chosen as the direction of the warp.

3 The angle between the surface normal and the incident energy beam.

16~



Azimuthal Angle* Polar Angle of ™ Directional Solar

of Energy Incidence Energy Incidence Reflectance

P 8 Pq

o° 10° .62

22 .62

33 .62

Li 62

55 NN

66 .66

80 .71

L5° 10° .61
22 61

33 .62

Ll .63

55 .65

66 67

80 72

60° 10° .62
22 .62

33 .62

L NI

55 .65

66 .67

80 .71

80° 10¢° 61
22 .62

33 .62

Li A

55 - .65

66 67

80 .11

Table 11: Values of Directional Solar Reflectance, pg,
of MSC Sample No. 15B, Medium Weave DuPont
HT-1 Nylon (Nomex) Fabric with One Side Coated
with 3M Aluminum (Nylon Side), Nylon Side Measured

#* The angle swept when a line in the plane of the sample 1is rotated
counter—clockwise about the sample normal. The zero reference
angle was chosen as the direction of the warp.

#% The angle between the surface normal and the incident energy beam,
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H .
Azimnthal Angle* Polar Angle of Directional Solar

of Energy Incidence Energy Incidence Reflectance
("ﬂ e ps

0° 10 .70
22 71

33 .71

L, .72

55 .73

6 L ]

3 3

45° 10 .71
22 71

33 .71

L .72

55 .73

66 .

80 . 78

60° 10 ol
22 .71

33 71

Lb .72

55 .73

66 <74

80 77

90° 10 vl
22 .71

33 .71

LL .72

55 _ .72

66 e

80 .77

Table 12: Values of Directional Solar Reflectance, Ss of Sample No. 16,
Uncoated DuPont HT-1 Nylon Fabric

#

The angle swept when a line in the plane of the sample is rotated counter—clockwise
about the sample normal. The zero reference angle was arbitrarily chosen as the
direction of the warp.

The angle between the surface normal and the incident energy beam,
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3 ' . .
Azimithal Angle* Polar Angle of Directional Solar

of Energy Incidence Energy Incidence Reflectance
" 8 . Pq

0’ 10 .67
22 . .67

33 .68

L, .68

55 .71

66 .72

80 .71

50 10 .68
v 22 ' .68
33 .68

Ll .69

55 .70

66 : .71

80 72

40° 10 .67
22 .68

33 .68

L .68

55 .70

66 .71

80 .72

90° 10 .67
22 .68

33 .68

Ll .68

55 .67

66 .72

80 .70

Table 13: Valies of Directional Solar Reflectance, Bs’ of Sample No. 17,
Uncoated DuPont Nylon Fabric Exposed to an Ultraviolet Source
in a Vacuum

*

The angle swept when a line in the plane of the sample is rotated counter-clockwise
abo1t the sample normal. The zero reference angle was arbitrarily chosen as the
direction of the warp.

7.

¥
The angle between the surface normal and the incident energy beam.
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SAMPLE NO. HEMISPHERICAL SOLAR REFLECTANCE

(See Table 1 for description.) Py
L .78
5A .90
5B .8L
9 .89

11 JTh
12A .87
128 77
15A .86
15B L
16 .72
17 .69

Table 14: Tabulated Values of Hemispherical Reflectance
for Solar Radiation
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