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SUMMARY

The thermal analysis presented in this paper is a first step in the design of
thermal containers to house the electronics for the 122 m Hoop Column Antenna
Radiometer concept. The analysis accounts for geometric peculiarities, orbital
parameters, and thermal considerations. The analysis used a computer aided graphics
package called ANVIL 4000 (ref. 9) to develop the geometric configuration of the
radiometer containers. Also, two thermal models were developed to obtain the
container surface temperatures. The first model was developed using a computer
software system called TRASYS (ref. 10) which solves radiation relationships for
thermal problems. Incident and absorbed heat rate data from environmental radiant
heat sources to nodes are provided, in addition to radiation interchange data between
nodes. The TRASYS model which consisted of 28 nodes provided orbital heat inputs to
the radiometer containers which were used by the second thermal model.

The second model was developed using a finite difference thermal analysis
computer code called MITAS II (ref. 11). The MITAS II model which consisted of

28 nodes and 94 conductors, accepted the environmental heat loads generated by the
TRASYS model and calculated the surface temperatures of each container for selected

emittance (€) and solar absorptance (as; ref. 12).

The results of the thermal analysis provide relationships between o /e ratios
and the "average' surface temperature for each orbiting radiometer container. Using
these graphic relationships one can specify the thermal surface properties of the
containers in terms of absorptance and emittance or, an average surface temperature
for each container can be determined if surface material is known. Finally, the
thermal models developed for this analysis can be used to define the total thermal
control system required for each container of the radiometer instrument. This paper
makes an initial attempt to look at the surface temperatures of the containers for
selected solar absorptance and emittance ratios. The models can also be used to
determine the inside wall temperatures of the containers, the quantity of heat to be
removed by an active thermal system, and ultimately to obtain a heat balance for the
containers so that the critical electronic components can be thermally stabilized.
Furthermore, the thermal models could be used for comparison when actual instrument
testing is conducted.

INTRODUCTION

NASA Langley Research Center has been interested in demonstrating the technology
of obtaining geophysical parameters such as soil moisture, sea surface temperature,
wind speed, and salinity for several years. Several aircraft instruments have been
developed to obtain these data. A receantly developed instrument, the "Pushbroom
Microwave Radiometer" (ref. 1) serves as a basis for the development of a spacecraft
radiometer for earth observations.




Reference 2 cites forecastings of agricultural production, management of land
use and water resources as efforts that should be pursued. The Global Environment
Program objectives (ref. 2) include monitoring, forecasting, and assessing global
weather, air, and water quality. One method of global determination of these natural
phenomena is through the usage of a Large Space Antenna (LSA) using microwave
measurements.

One LSA concept being considered for development at Langley Research Center is
the 122 m Hoop Column Antenna (HCA) shown in figure 1. This instrument will be a
radiometer designed to detect electromagnetic radiation from Earth sources-—-soil and .
vegetation, at 1.4 GHz to infer their geophysical parameters. Electronic concepts
for the acquisition and interpretation of these electromagnetic signals for the
122m HCA have been discussed in references 3, 4, and 5.

The concepts and analysis presented here provide information for the future
development of the LSA radiometer concept. This paper will first present the
geometric configuration required to house the detecting and processing electronics—-
the antennae feed network, for the 122 m HCA in a space environment. The housing
which thermally isolates these components from the space environment, will be called
the "radiometer container'" for simplicity. Second, it will present the results of
the thermal analysis of the radiometer containers with respect to their average
surface temperature during four Earth orbits, And third, it will provide
recommendations for extending the use of the analytical models for future studies.

RADIOMETER CONTAINER CONCEPTUAL CONFIGURATION

The operation of the 122 m Hoop Column Antenna (HCA) used as a radiometer is
shown in figure 2. 1In this figure, electromagnetic radiation from Earth sources
(soil and vegetation) 1is received by the antenna and converted into an electrical
signal. This signal is then transmitted back to an Earth station for information
processing. The basic concept for this radiometer was the Pushbroom Microwave
Radiometer (PBMR) which was built and aircraft-tested at Langley Research Center,
The thermal control work done in housing the radiometer is described in reference 1
and is the starting point for this paper in developing a geometric configuration for
space application.

Three critical requirements had to be achieved with the PBMR: (1) the sensitive
electronic components and the feed network of the radiometer had to be stable within
+1.0°F of a set temperature; (2) several integrated components of the electronic
circuit had to be controlled within +0.1°F about a set temperature; and (3) the
active surface--i.e., the surface receiving the electromagnetic signal, had to be
"radiometrically transparent." This meant that the active surface would have to be
made of a material which would transmit the 1.4 GHz radiometric signal from Earth
sources and reflect or emit little or no radiation at that frequency.

These same requirements are applicable to the 122 m HCA radiometer concept and .
in addition, (4) the instrument must be Shuttle compatible with respect to weight,
stowability and deployability; and (5) the thermal control system must be as passive
as possible because of limited solar battery power. Considering these five critical
requirements, a data sheet was generated which defines the orbital, geometric, and
thermal envelopes needed to develop the "radiometer container' concept.

Using constraints listed in Table 1, several radiometer container configuratioms
for the electronic components were proposed in references 3 and 6. Figure 3 shows
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the final concept which incorporates three separate radiometer containers to provide
adequate field coverage.

Thermal control considerations for the proposed geometric configuration of the
radiometer instrument is the goal of this project. However, in this paper, the
determination of the surface temperature for the three radiometer containers in a low
Earth orbit will be the first step in the development of the thermal control method.

Based on previous data (refs. 13, 14, and 15), multilayered insulation (MLI)
composed of Kapton and fiberglass would be a viable concept for the radiometer
containers for structural and thermal protection. Beneath the MLI, altermating
layers of styrofoam and honeycomb separators thermally isolate the internal
electrical components (fig. 4). The location of the active thermal countrol system
which would provide set point control of +1.0°F and +0.1°F for selected electronic
components, is also shown in figure 4, 1In addition, there are provisions for
radiators if the container surfaces need to eliminate excess heat. This
configuration would provide the structural integrity needed for strength and
flexibility and thermal isolation for the radiometer components, while satisfying the
radiometric transparency requirement. The radiometer instrument is to be equipped
with solar batteries, however, the power available to operate auxiliary systems, such
as an active thermal countrol system, would be small. For maximum passive thermal
control, a thermal control coating could be applied to the MLI shell of the
radiometer containers. Since a specific coating or radiometric properties~-—
absorptivity (a ) and emissivitye (€)--were not designated for the containers, a
range of (aa/e)sratios were studied.

The o /¢ ratios were studied by modeling the container surfaces in an Earth
orbit and ogtaining their radiant heat loads. Those loads were then converted into
container surface temperatures which dictated desirable asle
ratios.

The description and results of the analysis comprise the remainder of this
report.

THERMAL ANALYSIS

Solar, Earth, and albedo radiation are the three sources which heat the surfaces
of the radiometer containers while in orbit.

Earth and albedo radiation inputs vary primarily because of the container's
orientation in orbit with respect to the sun and weather patterns of the Earth's
atmosphere (fig. 5). However, the radiation from the sun seen by the containers is
approximately constant. Van Vliet (ref. 12) states that a satellite in Earth orbit
absorbs solar and albedo radiation at wavelengths between 0.3 to 2 wmicrons. The
satellite also absorbs Earth radiation and emits its absorbed energy at wavelengths
between 0.5 to 50 microns. Wavelengths in the region of maximum solar radiance
account for the major heat inputs to the satellite while reradiation at longer
wavelengths are significant for radiative cooling. The absorptance in the solar
region is designated by a while £ represents the emittance at longer
wavelengths, Passive thermal control is critically dependent on as/e which serves
to determine the surface temperature.

Kirchhoff's law states that the ratio of emissive power of a surface to its
absorptance, at thermal equilibrium with its surroundings, is equal for all bodies




which suggests a/e = 1.0. Also, Kirchhoff's law states that at a specific
wavelength, the absorptance and emittance are equal: ay = .

For an orbital analysis, thermal equilibrium between the satellite and the space
environment will not be achieved, thus «a T1 * € T2. Since solar absorptance of a
satellite and its emittance are considereé at di%ferent wavelengths (ref. 12),

£
a)‘lT1 EAZTI (Al + Az)

in essence, Kirchhoff's law is not violated.

Finally, the o /e ratio for a surface or body in orbit can vary from 0.1 to 10
or more, depending on its thermal-optical properties.

In the analysis presented, the solar absorptance (a_), of the radiometer
containers, integrated over the solar wavelength spectrum is ratioed to the
emittance (€) at different wavelengths. The ratio was varied, with no specific
coating indicated, and container surface temperatures were determined. A limited
surface temperature range was then used to determine acceptable a_/e ratios for the
selection of thermal control coatings. S

Determination of the surface temperatures and properties for the three
radiometer containers was done by implementing the following steps:

1. Defining the orbit for 122 m HCA.

2. Defining the specific geometry for each radiometer container and its orbital
orientation to Earth and the sun.

3. Calculating the incident heat fluxes on each radiometer container for
different as/e ratios.

4, Calculating all surface temperatures for each container.
5. Plotting "average" surface temperature versus as/e ratios.
Figure 6 shows the analysis tools and methods used to accomplish the five steps.

Orbit Definition.- Numerous mission tradeoffs were made for the 122 m HCA
radiometer to determine orbital parameters for optimum radiometric performance.
Definition of this optimum orbit included: (a) a low Earth orbit--666 km altitude,
for optimum signal to noise ratio, (b) antenna inclination of 90-98° for pointing
precision maximization, (c) a sun angle, B, of 90°, and (d) a continuous Earth facing
orbit to optimize surface coverage. These parameters were calculated using a Langley
Research Center-developed software package called "IDEAS"--Interactive Design and
Analysis of Future Large Space Concepts (ref. 8), and they completely define the
thermal environment for the analysis of the 122 m HCA.

Geometric Definitions.~ Determination of the surface temperature of the three
radiometer containers posed a special problem. The surface temperature is determined
by calculating the incident heat flux on the containers from their exposure to
potential radiation sources including Earth, deep space, and sun. The quantity of
heat for each surface is dependent upon the thermal-optical properties of the
surface, the source, and its projected surface area. This area is calculated by the
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product of the total surface area and the cosine of the angle produced by the line-
of-sight of the source, and the normal axis of the surface. In this case, the
surfaces of all three containers are at skew and compound angles to any line-of-sight
and the most casual effort to determine these areas would be a formidable task

(figs. 4 and 7). Therefore, a three-dimensional computer model using ANVIL 4000, a
computer aided-design (CAD) software package, was developed (ref. 9). This model
shown in figure 7 depicts exact dimensions, geometric angles from the source (sun),
line-of-sight, and volumes for the containers. Finally, using this model, the
calculation of incident heat fluxes could be managed and directly related to all
surfaces with consistency and accuracy.

Heat Flux Model.- Using the coordinates for the three radiometer containers
generated by ANVIL 4000, the heat flux model was developed using Martin Marietta's
Thermal Radiation Analyzer System software--TRASYS. The TRASYS model shown in
figure 8, consisting of 28 nodes, represents all container surfaces. This model was
used to determine the precise incident fluxes generated from orbital sources--sun,
Earth, and deep space. Radiation exchange between radiometer containers was included
in the calculation of heat fluxes; however, shadowing of containers by each other was
considered minimal and was not included. Representative heat fluxes for the orbit
definition and selected surfaces on the upper and lower left containers are presented
in figures 9 through 15. It should be noted that the heat fluxes for the bottom left
and right containers are similar; therefore, only the left is presented.

Surface Temperature.- The heat fluxes determined from the TRASYS model were used
as inputs to a final computer model used to calculate container surface temperatures.
This model was developed using a finite differencing program called MITAS--Martin
Marietta Thermal Analysis System. The heat fluxes from TRASYS are converted by MITAS
into input heating rates to the container surfaces. This heat input is then resolved
into surface temperatures based on the material conductivities and the radiation
factors between surface and sources. The total joule hgating generated _by the
electronics would be 500 watts per container--3 watts/m” (0.09 watts/ft”), and was
considered a neglible internal heat source. The MITAS model shown in figure 16
consists of 28 diffusion nodes, 1 boundary node, 50 linear conductors, and
54 nonlinear radiation conductors.,

Considering the quantity of data to be collected-—5000 surface temperatures, and
the fact that the fluxes (heat input) experienced by the bottom "left'" and "right"
containers are the same, symmetry was employed to reduce the quantity of data
needed. Therefore, the "top" and "bottom left" radiometer containers will be used
for the surface temperature study.

An initial study was made for the radiometer containers in orbit to roughly
estimate the temperature levels they would experience. This study did not include
radiation exchange between containers and radiation from sources was assumed to be
maximum. The results of this initial "look" indicated that the container surfaces
with an absorptance of 0.5 and an emittance of 0.9, thus a_/e ~ 0.6, would not
exceed the -4°F to 150°F range for the enclosed electronics® The surface temperature
of the sun facing surfaces, however, did exceed the temperature range and was
attributed to their full sun-to-full shadow exposure during orbit. Finally, an
"average" container temperature was calculated for each container and this
temperature was within the temperature limits of the electronic components.

At this point in the analysis, it was clear that a decision would have to be
made whether all surface temperatures for each container be evaluated individually or
an "average" container surface temperature be used. It was decided in the interest




of simplicity and ease of discussion, the "average" container surface temperature
concept would be used. This method would bracket the available choices of a /¢
ratios for each radiometer. Specific surface temperatures could then be examined for
each radiometer container to ensure compliance with design requirements. Therefore,
a study of the us/e ratios and its effect on the "average" container surface
temperature was conducted.

The radiometer containers—--"top'" and "bottom left," were simulated through four
orbits around Earth using the complete MITAS thermal model shown in figure 16. Four
orbits were selected to ensure that the containers would reach a stable thermal
level. The a /e ratios examined would range from 0.1 to 5.0. Since either
absorptivity or emissivitty can be varied, it was decided that the absorptivity would
be changed from 0.1 to 0.9 Figure 17 shows all the possible’ a /e ratios and the
ones selected for this study. s

The reasoning used for selecting the indicated a /€ ratios shown in figure 17
is as follows. The initial study conducted for the radiometer containers using an
absorptance of 0.5 and an a /e = 0.6 served as a starting point for the examination
of the complete MITAS model.s For this absorptance, a_ = 0.5 other a /€
ratios--0.7, 1.0, 2.0, and 5.0 were explored. Finallyf in order to obt3in a clearer
picture of the containers surface temperatures other absorptances were examined for
various a /e ratios. This examination covered absorptances from 0.1 to 0.9 and
included és/e ratios from 0.1 to 5.0.

For each « /¢ ratio selected, all surface temperatures were obtained through
the MITAS model.’ Then, an "average" surface temperature for each container was
calculated to judge the validity of the selected a /e ratio. A "weighted" average
surface temperature was adopted and was defined as

e s
=3
>

TAVG = 1 1 where n = 6; for "top" container (1)

7; for "bottom" container

[ =]
g

=}

L]

i

T; is a surface temperature at a specified time in each orbit, A; is the area of that
surface, i represents the specific surface of a container, and n the number of
surfaces for a specific container. In each of the four orbits, at consistent times,
the maximum and minimum temperatures were obtained for each surface and put into
equation (1). These temperatures——-TAVGMAX and TAVGMIN~-were then plotted against

the o /€ ratios to create a tool for selecting surface properties for the
radiométer. Since the temperature envelop for the enclosed electronic equipment was
-49F to 150°F, it was arbitrarily decided that the temperature limits used to
evaluate the GS/G ratios would be 0°F minimum and 100°F maximum.

RESULTS

Graphic representation of the '"average' container surface temperatures for the
"top" and "bottom" radiometers are presented. These temperatures were calculated at
various a /€ ratios. Finally, a summary is presented demonstrating the use of the
surface temperature vs, as/e ratio curves.




Top Radiometer Container.- In figure 18, we see that for absorptances of
0.1 through 0.4, the average surface temperature envelop for the top radiometer
container is from 20°F to -100°F and below. The criteria used for selecting a
desirable a /€ ratio, is that both TAVGMAX and TAVGMIN surface temperatures must be
above the minimum electronic component temperature limit of 0°F. 1In figure 18, the
surface temperature criteria is not met, therefore, no o /e ratio is selectable for
absorptances from 0.1 to 0.4, S

In figure 19 for absorptances of 0.5 through 0.9, the surface temperature
envelop is from 80°F to -60°F. TAVGMAX and TAVGMIN surface temperatures for a /€
ratios from 1.0 to 2.0 straddle the minimum component temperature limit and for® a /€
ratios from 2.0 to 5.0 are below the minimum temperature limit. Therefore, a /e
ratios from 1.0 to 5.0 are unacceptable, However, o /e ratios from 0.6 to
1.0 produce average surface temperatures that fall within the maximum and minimum
component temperature limits. Therefore, absorptances of 0.5, 0.6, 0.7, 0.8, and 0.9
are acceptable and can be considered in defining thermal properties for the "top"
radiometer container.

Bottom Left (Right) Radiometer.- In figure 20 we see that the container average
surface temperatures for o /€ ratios 1.0 through 5.0 do not meet the criteria of
being above the minimum component temperature limit, therefore, absorptances from 0.1
to 0.4 do not qualify for consideration,

In figure 21, o /¢ ratios from 0.6 to 1.0 produce average surface temperatures
that meet the criteril and absorptances of 0.5, 0.6, 0.7, 0.8, and 0.9 can be
considered in defining the thermal properties for the "bottom” left radiometer
container. Symmetry of the bottom left and right radiometer containers, eliminates
the need to analyze both containers. The temperatures, as/e ratios, and acceptable
absorptances apply for both containers.

CONCLUSION

Figure 22 shows the thermal regions where selectable absorptances, for maximum
or minimum surface temperatures of the "top'" radiometer container, can be found.
These regions are bound by the minimum component temperature limit, the a /& ratio
range--0.6 to 1.0, and the maximum '"average'" surface temperature for each absorptance
value--0.5, 0.6, 0.7, and 0.9, Using these regions and absorptance contour lines,
the surface properties of the "top" radiometer container can be determined. For
example, if an "average'" surface temperature of 20°F was selected for this container,
an a_ = 0.5 would be chosen for the highest expected surface temperature. An
a =0.9 would be available for the lowest expected surface temperature. From the
ifitersection of the selected temperature and the absorptivity contour line, an o/t
ratio is defined and thus emittance. Figures 23A and 23B indicate the thermal
regions and absorptance coatours for the "bottom'" radiometer containers. Once the
properties are defined for each container, selection for the proper surface coating
or texture can be conducted.

Recommendations.- The investigation undertaken in this paper provides a starting
point for future, detailed analysis of the 122 m HCA radiometer concept. Once a
desired operating temperature for the enclosed electronics is chosen, several avenues
should be explored:

1. Examination of the specific container surfaces.- The average surface
temperature obtained in this paper simply specifies all surface properties as equal.




As seen in the initial study, the sun facing surface experiences larger temperature
swings, therefore, special attention should be given to this surface. The other
surfaces should be well within the temperature limits using the technique developed
in this paper.

2. Inside wall surface temperature.- Once the outside surface temperatures are
determined, further study of the inside wall temperatures will define the thickness
of the container skin and the thickness of the honeycomb isolators. In addition, the
knowledge of the inside surfaces will determine if radiators or heat pipes are needed
for thermal transport of heat buildup.

3. Comparison tests.— The results from these detailed studies should then be
compared with thermal testing data to insure survivability of the thermal coatings or
textures selected.

Execution of the above recommendations would complete the work started here in
designing the 122 m Hoop Column Antenna Radiometer containers.

Langley Research Center

National Aeronautics and Space Administration
Hampton, Virginia

August 1986
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Orbital, Geometric, and Thermal Data
for the Radiometer Container

Orbital Data+

- Altitude: 666 km; low Earth orbit

- Orbit plan inclination: 90° - 98°

- Antenna orientation: Earth oriented

- Mission duration: 3 years

- Orbit type: polar

- Beta angle (sun angle): 90° [angle of sun line-of-sight to Earth's axis]

Geometric Data

- Radiometer container envelope*; 15.5 m x 3.5 m x 0.3 m
- Container weight++: 977 kg; 244 kg/container
~ Internal electronics and thermal instruments¥:

e receiver array and p. c. boards
envelope: 15.0 m x 3.0 m x 0,05 m
weight: 700 kg

o electronic and thermal systems
envelope: 150 m x 3.0 m x 0.15 m
weight: 120 kg

Thermal Data

Electronic components: max 150°F
min -4°F
Dissipated power per container: 500 watts
Container material: Kapton-fiberglass
multi-layered insulation;
"radiometrically transparent"
Container surface absorptance and emittance: TBD

+ref. 2
*ref. 6
++ref. 7

Table 1.- 122 m radiometer container design data.
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Anvil 4000

Define geometric configuration
of three radiometer containers

]

Trasys

Calculate container heat fluxes in
space environment and orientation

¥

Mitas

Calculate container surface temperatures
for emissitivity and absorptivity ratios

¥

Plotting

Surface temperature vs. as/ £ relationships

max
T

min

GS/ (>

Figure 6. - Thermal analysis flow chart.
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Figure 7. - ANVIL 4000 computer generated model of three radiometer containers
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‘|opow SASYYL VOH Wzel - '8 84nbi4

1ybu wollog

1}j9) wonog

82% ‘12°92'IT9T ql e
:s32pjINs buloe) ypied GZR V2'ee’68LT
:$39e)4NS buloey ung

aoeds deaQ

sixe yjje3

20




ageyuns buroey uns ‘06 =4 ‘6°=3 ‘G'= D
Jaulejuod Jajyawolped do} ‘1 adejns Joj ssxn|y jesy

siy ‘swi} ¥qIO
0zt 08’

-

gec— '

XNjj psuiquwio) v

el xnj} Ateoueld €
XN} opaqly ¢

XNJ} 1e|0s |

puaba

o]0}

002

00€

00v

006G

"6 94nbi4

H-4y/nig xnj} juspiout 1938liq

¢

21



S

abpa ‘p06=d 6°=3 ‘G'= D
Jaulelu0d Jajowolped doy ‘7 dJBNS Joj SaXnly ey 0T d4nbij

sJy‘ awi} 1940
02’} 08"

/] [N

/

.

2/
XN|} psuiquoy v
xn|} Alelaueld €
/ Xnj} opaqly 2

4
4

v/ XNy} 1ejog |

/
/
!
/
/
/
)
!
]
/

puaboa

0]

0¢

0€

ov

0S¢

JH=4U/ing “xni} Juepoul 108.1q

22




abpa

¢ [ m
'06=d ‘6°=3 ‘¢°="D
Jaulejuod Jajawoiped doy ‘¢ 9oejIns Joj saxnyy 1eay °TII a4nbig

sy ‘awill ¥9JO

02’} 08" oY’ 0
I I _.a. \. { ~/
Y i
7\ NN
4 \ N\, ool
A " e
.V\ / / ~
// <4 00¢
/ .
\
y1:
—-
4 4 00¢
pauiquwio) v
_ xn|} Aiejaueld €
xny opaqry 2 | 207
Xnj} 1e|os |
- 00§

puaban

ZlJ—JU/nlq XNy} Jusploul 108aIg

23




106=¢ ‘673 ‘G = D

S

Jaulejuod Jajwoipes doy ‘9 8eyns Joj saxnij 1esH ¢l ainbi4

0c't

sJy ‘awn ¥qIO
08’ ot

¢

Xnjj} psulquwo) ¥
xn|} Alejaueld €
Xn|} opaqly ¢
XNy 1ejos |1

puaba

00l

00¢

00€

(010} 4

006G

1-Jy/niq ‘xnjj yesy jusploul 108.i0

¢

24




S

abps  ‘g06=9 6°=3 G'= D

sy ‘ewil 9.0
02’ 08’ s

XN|} pauliquod v
$'l xn|} Atejaueld €

Xnj} opaqly ¢
xnj} Jejog |

puaba

J13UIBJUOD JB)3WOlpe] WOROG ‘g 8JBjINS Joj SaXnij 18H < @

00l

00¢

00€

00¥

006G

Jnbi4

}—Ju/mg ‘xnj Jeay juspioul 103.1Q

[/

25



abpa ‘506 =9 ‘6" =3 .m.nmc

JaUIBJU0) J3jaWolpe] Wonoq QT 3Jeyns Joj saxnjj 1esH I aJnbi4

sJy ‘awl} HqI0

oc’t 08’ ot 0
FT W _ j .,\_.
/ Al
e—7 T\ 2
VAR \ AN -
e/ / N o
! | 40 &
/ I -~ D
J 1) = -
’ by N -~
\\ ‘ // =
.V\ N cC
409 X
o
XNjj pauiquo) ¥ c
xnj} Alejaueld € 08 =
; _
Xnj} opaqly 2 UZ
XNy} Jejos |
00!L

puaba

26




] [} [ W
9bpa :,06 =g ‘6°=3 ‘G"= D
Jauiejuod Jaswoiped wopoq 11 adeyans Joj saxn|jjesy -Gl 9.nb14

sJy ‘awl} ¥QIO

0c’t 08’ 0
r T 7 !
| 6 ——~—
=
14 \\\\\ Ov

08

1j—1y/nig ‘xnjy jeay juspioul 108.a

02l
XNj} paulquo)
xnj} Alejaueld € 4 09t
XN|} opaq|y ¢ N
Xn|} JejoS |
- 002

puaben

27




*

|apow |ewJay) SYLIW J8)auolpet YoH Weel 91 94nbi 4

uoisnjuod adnpeJs o} UMOYS jJOou 3ale $10}0NpuUod uolieipel ||y *

AnewwAs jo aunn

Joueiuod b1 woynog

J8ulBlUOD }J8] wonog

SJ0}ONPUOD UOlBIpRY —=€ -
§10}0NpuUOd uoisn}ia —\WV—
S8PON e

:pusben jeulejuos doy S

/// NNS

€l

28




Absorptance, a

Emittance, €

.6 i
.2 @ .1 1
.3 i

©
NN@@_»-“:U.N»
OO’
- - OOEG: O
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This appendix contains the two thermal source programs used by TRASYS and MITAS
II to calculate heat fluxes and surface temperatures, respectively

The source program used for TRASYS represents the geometric configuration of the
radiometer containers in a 666 km Earth orbit. Inputs required for this program
included geometric coordinates, surface properties--—absorptance, emittance, and
orientation of surfaces with respect to the sun and Earth. The following are partial
statements used in the program:

SURFN = 1 } node number

TYPE = RECTANGLE } surface shape

PROP = as,s} surface properties

Pl = Xl, Yl, Zl

P2 = Xy, Yy, 2y geometric coordinates
P3 = X3, Y3, Z3

CALL ORBIT2 (. . . Earth, . . . B =90°, . . . 666 km)} orbit definition

Further details and information about the TRASYS program can be obtained from
reference 10 and the Langley Research Center custodian of TRASYS.

The MITAS II source program represents the nodes (capacitance) and conductors
(linear and nonlinear) for the surfaces of the three radiometer containers. Inputs
include initial temperatures of surfaces, constants for repetitive calculations,
relaxation criteria, arrays for the variable heat fluxes of orbit for each surface,
orbit time array, and variable absorptance and emittance locations.

Nodal values for each surface were calculated using the relationship:

NODE VALUE = (density)*(volume)*(specific heat)

Conductor values for each node were calculated using the relationship:

Conductor value = (area)*(conductivity)
length

comments in the source program indicate the sun and Earth facing surfaces.
Representative statements for nodes and conductors, respectively.

Node Initial Temperature ‘ Node Value
1, 75, 283.33
Conductor Start, End Conductor Value
12, 1,2, 42

Further information can be found in reference 11 and the Langley Research Center
MITAS custodian,
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HEADER OFTIONS DATA

TITLE 122M HOOR COLUMN TRIFLET FEED
MODEL=FEED3

#xxx THESE NEXT TWO CARDS ARE FIRST RUN RESTART CARDS *#x*
RSO=RS01

wxxex THESE NEXT FOUR CARDS ARE SECOND RUN RESTART FILE NAMES %x%%
RG(= h 507
RTO=FRTOZ
RET=RS01
RTI=RTO1
{EADER SURFACE DATA
%, 2BOFCONVERTS INFUT DIMENGIONS TO FEET
C swxwws GUN FACING SURFGCE OF TOF FEED (RF TRANSFARENT-HAFTON, JE/G, PAEINT)
Coerr THE EMISSITIVY OF SURFACES 1,“ 455, 6,12,20,21,30,31,32,
Cawrx 212,220,721, 230, 231,& 252 18 REDUCED FROM: .7 TO: .5
BCS TOF
5 BUREN=1
TYFE=RECT
ACT [VE=RBOTTOM
FROF »—-(),”__; 0.5
Fl=115, 900, 197, 859, 7. 766
FrR=114, 500,105, 169,7. 746
114, 527,125, 167 ,~7 . 74b
; HT EDBE  ( IN RIGHT VIEW ) FOSSIELE RADIATOR
5 BURFN=2
TYRE=RECT
ACT [VE=BOTTOM
FROF=0.5,0.

AT
oA

UIE‘]F}ﬂﬂﬁrJO?]

ARG T T hé
_‘.1é¢,—? rhé
701, 125,074, «T 7bé
H FACING SURFACE (FOSSIBLY ALUMINUMD

R UL T

e
H

-
bat]

=0, 2,0,9

L&, 1 )1 L, 127 .764,7.764

14.701,125.074,7, 766
FR=114,701,125.074,-7.766

X AT E L_EF-T EDGE (IN 1 L:uHT VIEW) FOSSIBLE RADIATOR

8

AT TVE=TOR
HUF*H.jiﬁ‘m

7.764
o Trés

L:' ‘)/74 /nll’LHfr

39



O wxews TOF GURFACE. OF TOF FEED
e SURFN=3
TYI“‘L =RECT
ACTIVE=ROT T(“‘“’l
FROP=0, 5, 0.
"‘1'“1 1&. 1!)1 s 1 D7 T7EG,T.THb
2= 15,5 ¥ 1 'm"}". Bune,7.7866
L] 15,92, 127 .859,~7.7658
o #¥xEx RO C}l‘l a URF(\L,F oF  ToRF FEED
& Sl TRF s
TY ==t \.....C. r
ACTIVE=TOR
FROP=0, 5,005
F‘ 1=114, '/')1 5 x: H.074,7.756
T, 128, 16'?, 7 TbE
i RRLIES. 169, -7 .70
b} 17 L AYR L 1E0. 490, 8485
Co#wd LEFT FEED, ..;UN FACING SURFAULE
BS LEFT
1= GURFM=12
TYFE=F
ACTIVE
FROF=

\..-, »

¢

GE, 14,501

v, 1. 806
24, . SR8
e BLEE
1E.I9, 119,031, . 8548
T FEED,RIGHT LOWER,SURFACE
S N=R0
TYRE=RECT
ACT TVE=ROTTOM
FROF=0,5,0.5
Fl=i114.306, 118, 130,.4
Fr=117, 0768, 116,204, . 58608
F”:117"26&,116.278,uééﬁﬁ
- FEED,RIGHT UEFER , SURFACE

H1ED

[ & L

a3

S H FACING BURFACE

i; o

.'i-fs . 1”‘ s 115, 447,14, 550
T7 E6T WV VEVTERY 15,826
17,264 1.;.\).-.: 78,-\.)(’66)
1 45?,/ s 118, 204, 635
14,105,119, 1046, .8748




© sxxx LEFT FEED,LEFT SURFACE - OF POOR QuaLry
8 SURFN=30 QUALMTY
TYPE=RECT

ACTIVE=TOP
FROP=0,5,0.5
Pl=11%.919,11%.568,14.531
er117 079,112, 662,13, 806
P3=117.267,112.737,13. 826
G ®x%x LEFT FEED,EOTTOM SURFACE
5 SUREN=T1
- TYPE=REET- -~ -
ACT IVE=TOF
PROP=0.5,0.5
F1=117.267,112.737, 15, 826
FR=117.079,117.662,13, BOb
PE=117.078,116.204,.5868
C xxxx LEFT FEED,TOP SURFACE

S SURFN=32
TYFE=RECT
ACT IVE=BOTTOM
FROF=0, 5,005
Fl=114. 109, 11u.442,14.d50
FR=115.919,115.368,14. 531
P3=115.9218,1192,031 ,.8J48
(o *x%#% RIGHT FEED,SUN FACING SIDE, IMAGED FROM LEFT FEED

BCS RIGHT, IMGECS=LEFT ,NINC=200 , IREF=999 , IBEN=ALL
K REFNO=959
Fl=116.858,119.601,0,00
FR=i17.838,119.601,0.00
T 17,868,118, 601,0.00
HEADER BCS DATA
BCS TOF, 00,00 30w 400 4 04,0
(s LEFT, 00,0, ,0. 40, ,0.,0.
RIGHT ;0. 0. 0,0 ,0. ,0,
HEADER OFERAT LONS DATA

BUILD  FEEDZ,TORP,LEFT,RIGHT

CAlL NWAIAH(U,?HQLL £, 2HNG , 0)
« NFLOTETHIS I8 NOW A COMMENT CARD ! (NODE PLOTS)

CALL ORIENT (4HPLAN,1,2,3,0.0,0,0,0.Q)

o CALL ORBITZ2(AHEAR,0.0,90.0,0.0,0,0,0.0,6, H6ED®XE, 28,0.0)

L. FFCAL
C SFCAL.

CALL GEDATA (4HROTH, O, 2HFF)
I GRCAL

CALL REDATA (O, 2HND, 0, 100, SHSFALE , 99999 ,0,0,0,0)
L RECAL
C OFLOTETHIS 15 NOW A COMMENT CARD! (OREIT #LOTS)
CALL DIDTL (4HNOSH,0,0,0,0,0, 2HNG , 2HND)
OREEEN CTRP,0. ,560. ,8,DT
CALL PLDATA (SHIFALL , 3HALL , 3HALL , 2HND,0,0,0,0,0,0, 2HNG)
L PLOT
»
END 0F DATA
END OF FILE



42

MITAS

SOURCE

CODE




IS,

L

ORIGINAL PAGE
OF, POOR QUA

» M3IMOT u CTTOZZRIZTOZESE
moum 1HOIM ¥3d44n 0L sz«m zhm«mmno..—rw v‘q.~¢4cum
rzRze " v $ZT9PLteZTTZT zZZ

(2ZRIZ unovamzqa x»x«m o» dmzca HiMU3$B6 * nn.mwm.m«m.mmmmmm
3d1S L4377 0L 73NYd HINYIASBI "T'0sZtzzZ'oczzze
3A0Y4HNS WOLL0d 04 34IS pqu*omo..ﬂnm.omu.ﬁmmonN
3dIS 13437 01 3W4HNS JOL$OSO**OCZtzszloszze
30v4NNS 401 0L 30I1S LHOIM zuma:acmo..mnm.ﬂmu.mnuﬂm
3AIS 1H9IM M3dd4N 0L 3AIS LHOIM MIMOI$ZTIT ' 122'0ZZ° 122
3AIS LHOIN Y¥3IMOT 0L 3IDYINNS zotomuomo.....muim.m.cmu £
e = - 30VANNS- WDLLON 0L -IANEA  MISEZE "ZZH IS TS 12 fr el -
FTVHENS 401 OL 13NV NNSEBBLI'ZSZ'v1Z'Zeey Iz
3dIS LHOIM M3IMOT 0L 3NY4 NAS$09°'0zZ mqn.omunﬁm
3AIS LHIIMN M3ddN 0L TANYS z:muom..~w viztizzviz
yiz3z1z " " w FTLSTRIZZIZ pIZ
(E1ZHZIZ mnozv4mz¢m z:w oL Juzqm NNS$ZZ “Ly'QrztzIztsrzzie
3dIS IHIIM 0L 3NY4 NNS g334 h:mHm*¢m..ov<.4~r

F0Y4MNS WOL109 OL I3NYd HLIMYISBE “/5 XA S
33YSUNS 40L OL I3INYL HIMYISFS " T8 .‘c.cm.un (24
o M3IMDTY w $9TT*0Z'zzloze

uagm LHIIN M344N 0L Juzqm HLEYI$99 ¢ 12yt 12p2
(T4 w  $29° vm.w«.««.«mnu
=RZZ mmoz,4mz¢m 1»mqm oh szca H1IMY3$86 * \.,mm.wm.mmmu
3AIS L4377 01 MINYY HINYISR9 105 zZZ oz
3J94HNS WOLL09 0L 3QIS 14371%0% 3..~m.om ﬂvor
A0IS 1437 0L 3094NNS JOL$0SO-*oRtzetoszs
FIYIUNS 40L OL QIS LHOIM NIJNFILO**Zot m.wm“r
3AIS 1HAIM M3IddN OL 3IAIS LHOINM mmzaJ»coq..“a. ‘1zZ0Z
3AIS 1HIIM H¥3MOT 04 IDVINNS WOLLOF$9C0 " *oZ «7.0Nq
309d4NNS WOL10d DL 3aNvd z:muma.mm._«.m« £33
3J94HNS JOL OL 3ANYd NNSEBS L1':w eﬁ.crwﬁ
3Q1S LHIIMY ¥3AMOT OL “13ANV4 z:ma:o..,‘.rﬂ [+%:4
3QIS LHOIMH M34dN OL I3ANY4 NNSHFOS ' [Z'pT* ~r¢“
v1%Z1 " " M w $TL° n~ [ARFARE'S F:4
$9 & T4 uaoz,4uz¢¢ NNS n» TI3NYA NNS$ZZ £ :".‘~.a~
3d1S 1437 0L I3NYd NNS g3F4 PiuJ*wm.. st
30Y4NNS 1OL10d " " qo.ﬂ ?* a.aa
30v4NNS JOL 0L uu«um:m HIMWIETY G4
3903 L4317 W M £ :
3903 1HOIY 0L 13NYd Ipxq uo..u.m,un
3903 L4371 W . " « FEITT'p'9ip9
3903 LHOIN OL 3094MNS WOLLO0A $b°ZZ1'Z'9'z9
3903 1437 0L 30Yd4MNS dOL$v 22105 pg
3903 LHOIM OL 3393MNS ao»nv.muﬂ.m.n.mn
30v4MNS WoLL0d " " F89°L'9 1491
3IYINNS 4OL 0L 13NYY NNSsse - N.:.ﬁ.uﬁ
3903 L4317 . “ P YA AR AR 81 §
3943 LH9IM 04 TI3NYd NNSE numu dOLsZp itz

(d4=NH/N LD

Y1ivd HMOLIONANOIE ald

-, YLYA HOLINGNQD ———m-—mme—

(IN3
3QON AMYANNDR 394G 4330 $0°0'0 09¢-" 64—
JOVAHNS HJOL$0 LT O GL EET
AJYSHNS WOLLOF$LL 9140 GL" 18T
301IS LHOINSEL S0 6Lt 05T
(W) I3NYd HLIMY3FO 090 0L ¥Ze
(19) VEANYD HINYISF "ZZT 0 6L 5ee
(9) TINYA HINYIASY "vLlt0 5L E2E
3dIS LHIIM MIIAN$ZZ 1'0°GL'IE
3AIS LHOIM MIAMOI$LSZ 0 HL'0ZZ
TIANYd NNS 0334 LHOINSO 'S 0 GL T2
I3NY4 NNS d33d4 LHIIM$9*£8'0-5L° 212
T3NYd NS J334 LHOIY$8 ' vZT1t0°5L'z12
=ammsmzsscaas SIGON TANUD L1437 40 NOILYDIN4NG =====s=== J
JIYANNS JOLEO° LT 0 '5L02
3IYANNS WOLLOIFLL PL0 GLY IS
3AIS L4F$£L°L40 6Ll 0E
(%) 13NYd HLIMU3$0*09°0°6L vZ
() I3NYS HLNYIE9°ZZT1 0 6L e2
(T9) TAINYS HINYIASE  BL1'0°CL'2Z
3AIS LHIIN MILINFZZ T'0'CLT1E
30IS LHOIM Y3AMOI$S£S-Z'0°Ss'0Z
J3NYA NNS @334 1437180 S 0 GL bT
J3NYd NS d334 L43739°48'0°GL 5l
T3NY4 NNS 0334 L43EB°6ZT1'0 6L 2T
DY 4NNS WOLLIOT FT6°8T0°GL'9
3JYANNS JOL $£6°81'0°GL'S
3QIS 14371 3903 LMOHS $£2°T2'0°GL'e
(W) 13NYL HLINUI $6°062'0°GL'S
3AIS LHIIM 3903 LYOHS 3£l ' oLt

T3NYd NS @334 JOL$SS T8 0 GL T
-— -—— (4/01F) ~mmmm e -~ 93
vLYad 3AONS aod
——— YL1Yd FAON ——m - mmmmmmme o]

#ann/® ANY 8% HOODTH Yivd SLINYLISNOD 3HL NI 3duW SI 3GNUHD SIHL s#xs ]
#nEn®#G " =UHLIY 40 39YSN IHL AJILSNL OL ##x%D
*3°1*' S 04 JIONUYHI NI3ZT SUH ALIAISSIWI IHL #»x]
* 67 01 JIINYHI NI3d SUM ALIAILAMOSEY 3IHL  #x#)
#a% 0°Z 0L J3IINYHI NIIT SYH OILYM /9 3HL NMY SIHL NI #xws 3
LAZ A RS AL R L A E R R R Ry sy e T L oa
F RN NRERRERN XN EA AR AR TTLINIINO HIMUT R EHRHARER RN 1R%]
IS ETT IR Y 2N 3 LTy 9I9) 1334 381 °Z =3ANLTL I B3 05506554383 % %% %)
#RRRARARRARR AR RS IIYIA 06 =TNONY NNS  INOILIANMOD *w#axsn))
F T T I I T IE IR RN AR D)
“4/NL3 ~30NYLIOYAYD ' 4 —IUNLUNMILWIL I-NIW/NLT -ALIAILINANOD 2
SALNNIW -3WIL L334 ~HION3T :34Y SHILIWUNMYS 1300W 3HL 40 SLINN 3HL 2
(313 S°GT X S°F X £7)SA334 IINHL HLIM JINMIADINOD SI AQNLS SIML 2
aNn3
v8/v SINMOL-NOTIA °*v°76 428
AQNLS G334 L3T<4IML NWNI0D 400H WZZ16 ang
vivd 3LILL Qo4
-=403-~
' 1d91834 1ON

43




TN HLHYRE "
$hbL LT=052 3415 1Y M4 N
368 Lo=v2T IS LM HAMOTIIT OL 3094MNS WOL o - JLLBT 0T 9 g9~
¥8TB " L5=222 30Y4MN5 401 " $Z-3582r tZet b Zor-
$818°LG=ZZZ $T-3CLTT YT Y bETY-
F6TLLT1=12Z $Z-30061 ' CZZ Y ETT Y-
$1462°0Z=02Z : $Z-35L2ZT v v vEb—
$0°0=¥1Z i $Z-30¥61°'eZtv Ty~
M $0°0=£12 i I3NYd HINY3E4T 0L 3AIS 14371i4181-39821 "z v Tt~
$0°0=Z12 ‘ . 32948NS 40L " E 3 {-URRF AR A
i
t
_
I

HRRIAE RIS R R RIS RRRRRARRRERRRRRRRRRRS $ODL " L=TS $1616° ' 92T s vZTE~
TN I TN IR RN RRERERRRE P TC=TD EIE TR T2 SR S A v
L T I T T R TR T PR NN L 2V £ TN $1616° 2t pZe-

628 LE=1T E 25 VX2 4 SRl AR RS g o
828°L5=52 Q3NYd HiMY3 N $13v839°'zz'ctzEe-
N Y LY T Ty T f - R L~ P ] 3AA1S 1N HI4dN " $1-3pZ95 ' 1Z'ct 12—
E Ty SAAON IFLYINALONALY IHL %% FZZL°LT1=12 30IS LM M3IMO 14471 OL M3NYA HIMYIEJ1$T-3r9G ‘02 et oze~
F I I T NI MOA S3IXMNIA LNIAIONI ## $£0L°0Z=0T 30948 0L 309INNS JOLi31$ZITCFZ " P66 28T 66TET~
0°0=p1 . A0Y4S 01 ITYAUNS WOLLOA JN$ZI569Z 66 182 6e1CZ~
0 0=g£1 ! . 339dS 04 3AIS L43N44N$1ITLEG 66 082 66082
*# 103HIA AHULINYIG 0STY 3HY SINULSNOD ISIHL #exax#3$0°0=21 I 3AIS 1M H34dNi4$13028T "t est 122 seT1ZE-
ALIAILANOSHY MO ALIAISSIWI $05°=8 | 3094S OL 3AIS 1N NIMOVi4$TISLLL ' 66°0ZZ 66022~
ALIATLANOSHY HYI0S $06°=£ : 3094S 0L 13ANYd HLNOIL4N$0AZO0T 4661222 66222~
ARBRRRRERERRR SRR RRNRERRRRRERRRRRRERERERRAARRERRE $OLYT " S=9 3JudS Ol 32938NS dOLE4N$ZITSFZ L 6s'Zs 6628
xn ZHa (L) =MH/NIA 349 SLINN 3HL *% $pB8 HE=G 3094S 0L FIYAMNS WOLLDI 1313236692 6s 126618
e CLIAMO NY  *» $LI8°LI=t 300Ud4S 0L 3AIS 13374408 T3TL6G 66" 0L 6608~
£ ¥ £33 ONINMNA 3AON HOY3 HO4 S3XNTd INSQIONI  #% $265°50=C 3AIS LM ¥I4dNiANFTIVZBI "t es' 1246612~
- ## 103410 ANYLINY I IHL 3MY SLNULISNOD 3SIHL ## $L718°L1=Z 30YdS OL 3AIS LY HIMO HiI$TITLLE ' 66° 020 6602~
L h I I I I I I A6 3T NI IR ANRRRAXREOOV IO =T AJY4S DL 13ANYA IhmdmmuJﬁMwNOON..QD.NN-OWNNI
(pe () — Zaw(Ld)-NH/NLE) INUISNOD NUWZLIOI-NY3LS $8-3CTLT°=1SNJdS $£Z31289° 66 4T 66HZZ-
> 0 09y-=0M253Y $LALLRT "t oo LET b6EEZZ-
SLINM WIMWOMd ———-- ————===0 $231EBP P66 T LoVZ-
0 0S=WILX3 $CITHLT "' 66 ST b6EE-
. OOT=XWHILL $TIPILD "L 66  bIZ 6LPTE~
100 *=9IX 4y $EAP0HT 66112066812
- 1O0 " =4IX1Ma $£3000Z* 6462121 66212~
OOE=N0LSAN $TAPILY "' 66 b1 Loy T-
YIMALIMD NOTLUYXYIIN —————emme 2 FLIFOVT 66 T 66T T
SIINNIW ¥ 0L LNIWAINOI ({SUNOH $9990 "=0431SL 3J94S 0L 13NUA NNS (41 JdF34 L43NF0IB0OT " 66416621~
(SHMNOMHI SLIEX0 ¢ SINISAMAAM 3WIL SIHL $TET " 9=ANIWIL IJYIUNS WOLLCA{HL$T30662 46" 9 669—
00=03WIL JOUANNS JOLE4L3Z3IBPOL " 66" 5 665
Yivad SINYLISNOOS a0d 30IS 133T4i8T1308657 66 b  bbt-
ana TVIANYS HIUBIEJL $CILLEY 66 L 66T~
E A B Pt ARE SRR F AR F A4 §40 3AIS LHIINiAL$T1I056G 66T 662~
$1-3006Z " OZE TZ 0T IZ- 30vudS 0L 13ANYL NNS (1) 0334 401 F0F0950 "' 66 T 66T~
$1-FA3pbI 1z 0z T1ZI0S- HEXRXERREARE SRR RRRNRRS T LALIAISSIWI. HO (INULSNOD S NYWZLIOE *#exxx])
- - - $210Zosgt ozt oTaneg- ~N3HA431S. IANTINI LON S30A° . Y4u SINISINAIY SHOLINANGD AUM 3HL #+rex)
3I094uNS HOL ¢ M FEPIT ' 2L 9t 209~ ———- -— SHOLONANGD 37945 4330 0L NOILYIQUM ——————- 2
F1-3ISIEG b2 9 ZTo- AJYANMNS WOLLOG 0L 13ANYd HIMY3IsaL ‘LRt isz'ezet 1ezeee
$1-308pL° L2209t ezEI- 30938NS 404 0L N3ANYL HINY3$93° 1S 28z vZ2 282622
v $1-35188°'vZ24 9 ¥Z9-

OF POOR QUALITY

ORIGINAL PAGE IS

44



ORIGINAL- PAGE IS

OF POOR QUALITY

AN3*$1°0L1°£0°8
G 000000 0 00 00 00 BT "EBZ ST B L ras P T T0LY 28T
Z£Z 300N
NI L0 £G L2961 08" LBE
BZ 910 00 00 00 00 0 00 'O IR bt Lo "ss f1sZ
I1$Z 300N
AN LL°6Z b1 001
6T ZITY 250014070 0700000000 0'BL 95 02 L6762 torT
0Lz 3IAON
aN3'9Z°86°'09°£8'20°Z
QL EZ0 00 0 RT0'9 0 0 0SS ITS 0G EPT e " 1LY 9Z "8 *¥ZZ
¥ZZ 3AON
ANI'9Z 864 09°LR'Z0°Z
QL CZ'0 00 0 000 0 0 0SS TIR 05 SRS 14928, ‘oEZ
£ZZ 3dON
ANI'FZ 86 09°L9' 202
QL £Z0°0%0°0%0 0070 0 D 'CE TIS0S SoL'aL 1£'9Z2 86 *ZZZ
ZZZ 3AAON
AN3'60°0£'8Bb°0Z" 09"
070000 00 0 0 00" 0'8Z 00T 0L ZIT*IZ 00T 60 08 ‘122
122 300N
AN 6466209 b2
ZI°1'070'0 00 00 0000 0t LT "petoB 1288 rZ b Tve f0ZT
0zZZ 3A0N
AN S *96L848Z "T6s
ZE88T1'0 00 000 0 000000 00 08889195 "96% ‘rIZ
¥1Z 3AON
ANI*SY "968B8Z “Z65
Z£ 8510 00000000 0000 0t0 0'8e aPT 98 "96s *L1Z
£1Z 3AON
ANI S "965 " BZ "Z6% .
ZL°8ST'0 00 0 000 0 0 0 0 0000 DB BIT 9L "96s *Z1Z
Z1Z 300N
aAN3‘v1°0L1'%0°8
0°0%00 0 00 00 0 0 D 0 0 BT SBZ EL /BS LY TreS bT TOLT t2E
Z£ 3dON
aN3*L0°$5°£2 96108 LBT
B8Z 9I¢*0°0'0° 00 00 0' 000090 f9s " p L0 E3 *IE
IS 390N
ANI*LE6E BT 00T
65°ZTT 570010000000 0 0'0 00 0'8L 93 0L L6 6T ‘O
O 3JON
ANI*'9Z '86°09°LP TG 2
0£°£Z0°0 000 00 00 0 ' SE TTIS 0S 291 aL 1449286 't
»Z AAON
AN3'9Z *86'09 L9'Z0°T
0L°£Z'0°0 000 0 0 0 0 0 G TIS OSSR SL 1L 9286 *SZ
. ) P _ £Z 340N

OL2Z'070'00 000 00t oot aR T ISt on eIt e 1Lt 9

AN 9T 86109 L9 L0

Zi ALON
ozm.ao.on.mc.om.oo.

0°0'0 0 000 0 00 0 0'BZ 00T OS ZIT 9z 00T 60 0L C1E

1Z 300N
AN 660 0P vT

2110700700 0000 0 0 0 LT v2t0B 12488 vZ 66 bE tOZ

0Z 3CQON
AN3'SY " 96L°BZ "ToHE

ZL'8ET'0°0'0 0000 0 0 0 00 0 0 0 08 8911 9L "96E ‘bt

1 34a0N
AN3'QY " 965 48T *T6%

ZE°BGT'O'0'00'0°0'0 00 0000 0%0°0'8L 8919 "96% ‘ST

£1 FAON
AN3*SP 965 8Z"Z6%

ZL e51'070'0'0'0°0'0 0000 00 00 0 BR "B FT 96 tIZT

21 300N
ANI' TP 01z 98 °L1p S5 08

18°8GZ'0°0'0 0'0°0'0"0'0 00 0 0 0 sy St 1y 01Z 9

% 3AON
AN3'GT 658y "BR T "

0°0'070'0"0'0"00" 00 0 rr BIr 0B TAS ' THTOLI BT "6E 'G

1Z° 10

% 330N
ana‘gotogtizeig

0000000 000000 TZ T LT IZ80 0ty

# 3JON
aN3* 6L 1648049

16°Z0Z'Qr arL 0 0L0 Q070010 0 A0 09 B Ty b9 6 th % -

+ 3A0ON
anN3‘goostLz 1z4s0t

0°0%0°0'0 00 0 00 000 0ts0 T LZ 128008 ‘T

Z 34aoN
aN3*£3°082°G0 61

£'3094S  LE BT 90 °BET ST 60v L5 08 ‘1
Zawid-MH/N1TE T 3ACON

3

LAR AL AR A2 L DA AT VESa BT AT AT DAL R YA AT T 2 TR YT 2 Tl

e
HENEN
LA LA
LAS 21 ]
et

S3XN4 ANAAIONI LI3WIJ 0d397I¥ % HuTI0s
3ONYHI 0L .SIWW3 7 S.YHJIY 3HL FiviNdINUW

I 343HM 30Y7d 3HL ST SISAVML iiHINOHL *120
NOTLNDO3IXT IHL NI 3INOA $30ON HIY3 HO4 avol 1vH
JHL 3ALYNIWI 04 d3A3I3N SIXNT4 INIAIONI LIEM1d

#nuan 003370 % HYI0S GINIAW0D 3HL 40 3IHY SAUMMY 3S3HL
HARRBEARNERURORHR NI RR AN H AR R RN RN RN RSN NG

viva AvuMwz ad9

#uned
L2541 0]
HHHHD
(1 2.2 20]
Hauud
Heuud

o}

45



314

INUD=3114 3MNLYN34WIL LSHIA {MYD3=3714 N3AING

an3

PIL I ZIL 9L Sl Pl L 21 L WIL0(OZ® THISNN) ILINM

ZNYD = 3714 3IHNLYNILW3L anNO

INYJ=314 AMNLYHILWIL LSMI4 $MUD=3114 ¥3AIMA

Yiva 30 aN3Ic aod

an3
(R4 X)) 6) LYWNOd

ZELYISL YOS pTL ST ZZL  TTL OZL WILO (TZ ZUISON) ILINM
o o e S T a2 R R L L L e e R L e L L L St
JOUSHNS 40LE41=2£1°30VHNS WOLLOT E=151

3AIS 143714471=05L  13NY4 HINYIE41=0Z1*'cZ14ZZL

3AIS M3ddN 1¥47=1Z1°3AIS ¥IMO LN E4N=02L

1ENYA NNSEAT=PTLRSTLRZTL 3093NNS WOLL0T E91=91
3T948NS JOL31=5L°3AIS L4371idi=b1*TTaNYd HINYIidl=51
3AIS LHOIMI4L=ZL  1ANYd NNSE4L=TL* (SILONIW) IWIL=WILO
((£°£4°X2)0T) Luln04

PIL STLYZIL L ' SL YL L ZL 1L WILO(OZ  THISAND 3L TMHM
ININAL
N3WIL=WILO

ST1WD indinos doa

+4+4++++ SAUNLUYMALAWIL IFAYS
an3

(ZS£ZD*ZETY LY WAWT L BGS 1) ADT VG
(TET0 ISTY LY WAWIL 8SS TrADT TYd
(OCZTO OLTY LY WINIL 855 " T ADT IVA
(bZ2n'pZTY* LY WAMIL 865 1) ADT Tud

<

(ZZZO'ZZTY LY ' WAWT L 8CS 1) ADTIvd
(1ZZ0' 1229 LY W3WIL ' BES 1) ADT IVa
(OZZO*0ZZY LY WIWIL 885 1) ADT Twd
(120 12V LY WIWIL 8SS 1) ADTIVd
(STZO'STZY L0 WANIL ' 8SS 1HADT YA
(ZIZTO'ZT1ZY LY WIWIL ' 8GG " T) ADTTVA
(ZE0'ZEV LY WAWI L 355 1) ADTIYd
(IS0 1SY LY WIAWIL BES " T) ADTTYA
(DEB'OEY L WINI L 8RS 1Y ADT TUa
(bZD* 229 LY WIAWIL BRS " 1) ASTTYA
(ETDLZY LY WAKIL '8EE 1) AT Tvd
(2B 22U L9 ' WANIL ' 8SE " T)ADT Tua
(1ZD* 1Y LY ' WIAWIL ' BGS 1) ADTTud
(OZD OV LY WIAWILBSS " T) ADT TV
(PTO' LIV LU WIANIL BSS " T) ADTTVA
(STO'STY LY WANIL BGS " 1) ADT IV
(ZTO'ZIY LY WAWIL B8ES " 1) ADTTYG
(P0'99 LU WIWIL B85S 1) ADTTIYA
(S0°EY LY ‘WAWIL 8G5 " TYADTIVA

(PO vU* LV WAWTIL 858" 1) ADT TWd
(Z0'SY /U WIANI L BSG 1) ADTTYA
(ZO'ZTY' LY 'WIKILSESS1YADT TVa

(10 TP LY WaNIL BSE " T) ADTIVA

“dOIN34 ¥ NIHLIM

IWIL 40 LNIWINONI HOU3 N0 3IAON OL LNGNI LY3H=D13'Z0'10
(MH/NLd) 3AON HIY3 H04 SAY0T Lu3H d3LYINIWwI="3L3'ZY°'TY AbMMY
(SMNOH) dOIN3d 3NO MOd4 IWIL TWAINIWIMINI LI1AMO=LY AUMMY

B o e e L e e s

bt *3M3IH 3NCA 3d TIM LIANMO0 NI 3WIL ++++

+++++4+ ANY JAON HJYI HO4 SAYQT LY3IH AILYINTWT ++++

+++++++ ATISNO0IASNG IHL 40 NOILYIODHILNI JITDAD ++++

B e o N R an o T 0 O S e e A

T S3TEYIYYAs add

40 4N3
3HL 3

23S
3HL

oo

1Z 4

+++++]
+++++0
++++4]
+4+4++4+0
+4+4+4+0
++4+4+43
+++++]
0oz 4

+4++++]

(SZZO£Z2Y* LY ' WAWI L BSS 1) ADT TV

[SESRSRSRNS]

++4+++]
++F++D
+++++3
++++4+]
+++++0

- o]

an3

CM3SAN 371.4aN3
TH3ISAN 31I4aN3
(QHT) d9WB

{OHT) d98

WA L3IH

ayMy04

OF POOR QUALITY

ORIGINAL PAGE IS

IANILNOD 0% 4

(£9°05# ((BUKZEIM) +LM# (1+Z£2Y) ) ) =1+Z22Y
(S6°6T# ( (SU*TETH) +LM* (I+T£TY)) ) =1+T8TY
(£9 °9% ((BYROTZY) +LM% ([+0LTH) ) ) =[+0LZY
(86" 9L* ( (M*EZTH) +BH* (I+6ZTYN) ) =T+b2T
(TG 9ST# ( (N*EZTH) +BM#* (I+£ZTY) ) ) =I+£T2V
(6T *STTH ((GUHTTTH) +84# (1+ZTIW) ) ) =1+ZT2
(6T "Z% ((BU*TTIZH) +LM4% (1+1229)) ) =1+1Z2V
(G b* ((BUROTZH) +LM* (1+0Z2Y) )) =1+0ZZY
(T16°9L% ((BE¥YTTH) +LH% (1+012Y) ) ) =1+b1ZY

(9P *ISTH ((SU#TIZY) +LM* (1+£129))) =1+ 1T

(ZZ STT# ((BYRZTIN) +L4% (I+ZTIY) ) ) =1+2T2Y

(£9 0D % ((BU#ZLY) +LH* (1+Z59)) ) =1 +ZEY

(56 °6Z% ((BYFTSM) +28% (I+1£9))) =1+1€Y

(£9°F% ((SU#OTH) +L4%* ([+0£6) ) ) =1+0LY

(B4 "FL* ((BY#ETH) +BH% (1 +¥Z9))) =1 +HTY

(1S 95T ( (BUNETY) +8M# (1+5Z9) ) ) =1+L2Y
(6T "CZT# ((BU*TTH) +BY* (1+ZTY)) ) =I+ZT
(6T Z#((H#ITH) +LM (I+129))) =1+12Y

(£8 "% ( (BM#OZMH) +LH* (1+02Y) ) ) =1+0ZY

(16 "9L# ((SHRPTH) +/M% (I+019)) ) =T+t 1Y

(FH " FST#((BURSTM) +L4% ([+5TY) ) ) =1+ 1Y

(TZ 2ZI* ((BY*ZTH) +LM# (I+ZTY) ) ) =1+ZTY
(98 "2 * ((BY*9U) +L4% ([+30) ) ) =1+9Y
(98 ZE* ((BY*EM) +LM% (1+5Y) ) ) =]+5Y

(19 9% ((BYrtM) +LM% (I+40) ) ) =1+bY

(££°900% ((BY*TM) +3x# ([+2Y)) ) =1+5Y

(19 9% ((BYRZM) +L4#* (1+Z0)))=1+2Y
***4‘**************#****#**4*********t****#***********t*****tu
e ALINISSIWI=BH ALIAILANOSAY MYI0S=/H4 ‘IAON LUHL HOd w#xxx]
-t XMN4 AMYLINY G IHL SINIE3T HIIHM INYGLISNOD IML SI TH #%#x)
#%*3IA0EY AILYTNIIWI SI HIIHM 3IQON LUHL MOd4 L193AH A3dH0SAY *#x#xD
e 9L0L 40 S3ANTWA IHL SUY AMOWI S.YILADW0D IHL NI #xxxd
* Q3NI4303" 3MY SINTWA 3ISIHL ‘ANCD3S "S3xNT4 0037 SNId *#*%xD
w#% MYIOS 40 SINIWA 3IHL SUH HIIHM AUMMY 3HL ‘1SMIL SI TY *##x)
***ttA**t*****t*****#t##***tt********t*t‘*Kt#t*t*i*t***t#**‘IU

T 3AdON HO04 LY3H 348053V $(£L°90C* ((BE*TM) +LM# (1+19)) )1 =1+1Y
£1'1=1 03 0d 4

NOILN33Xx3e aad

2
o]
an3
ON3'B35° 1 098 148911920710 ££0"1
PLL T HLL  HBE T IBY 0By T ‘6B R6T 000 YL
. (SHNOH) AuMMY JWIL L13M0 o]

U

46




"AVERAGE"

SURFACE

APPENDTIX

TEMPERATURE

B

47



This appendix presents the temperatures for the top and bottom radiometer
containers for the absorptance and emittance values studied. Each surface was
examined for its maximum and minimum temperatures for each orbit. Maximum and
minimum temperatures for all surfaces were selected at the following orbit times:

Orbit TAVGMAX TAVGMIN
2 1.6 hrs. 2.8 hrs.
3 3.6 hrs. 4.3 hrs.
4 5.2 hrs. 5.9 hrs.

Orbit 1 was not used because the containers had not been exposed to a complete
thermal cycle--full sun-to-full shadow exposure.

The calculated "average" surface temperatures for the top and bottom containers
were determined by using equation 1.
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Top Radiometer Container

a € a /e TAVGMAX, (°F) TAVGMIN, (°F)
.1 .9 .1 -21 -38
.1 .6 .2 -45 -63
.1 .3 .3 -77 ~96
A .9 A 24 -16
A 7 .6 12 -28
A .1 4.0 -48 -80
.5 .9 .6 38 2
.5 .7 .7 24 -14
.5 .5 1.0 5 -13
.5 .3 2.0 -18 -52
.5 .1 5.0 -40 -77
.6 .9 .7 50 0
.6 .6 1.0 32 -18
.6 .3 2.0 6 -45
.6 .2 3.0 -4 -53
7 .9 .8 62 2
.7 .7 1.0 52 -7
.7 .3 2.0 21 -40
.9 .9 1.0 82 14
.9 .5 2.0 61 -10

Table Bl.- Calculated "average' surface temperatures for

the "top" radiometer container
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Bottom Radiometer Container

W W ~N N~y e -

€ o /e TAVGMAX, (°F) TAVGMIN, (°F)
.9 .1 -16 8
.6 .2 -42 -15
.3 .3 -72 . =40
.9 A 30 -15
7 .6 14 -24
1 4.0 -42 -86
.9 .6 41 13
.7 7 23 1
.5 1.0 6 -13
3 2.0 -12 -31
1 5.0 -26 -50
.9 7 51 -3
.6 1.0 34 -22
.3 2.0 7 -50
.2 3.0 -5 -59
.9 8 60 2
.7 1.0 46 -11
3 2.0 14 -43
.9 1.0 79 9
.5 2.0 42 -17
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Table B2.- Calculated "average" surface temperatures
for the "bottom" radiometer container.
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