
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



6

SECOND QUARTERLY REPORT

ON THE CONSTRUCTION AND

TEST OF A

DUAL PATCH MULTI-ELEMENT

RADIANT COOLER

R V. Avi-Able

ITT -Aerospace/Opti+:al Division
Electro-Optical Operations

Fort Wa y ne. Indiana 46h03

March 1971

Interim Report for Period 17 December 1970 to 17 March 1971

Prepared for

GODDARD SPACE FLIGHT CENTER
Greenbelt. Man land 20771

N 7 - 3_3 ' 8 4 1o	 (ACONER)	 _S	 (1HRU ►
O

y	 (PA ES)
 (CODE)

Q !N.^SA CR OR iMX OR AC NI;MBER)

l



;t

f

i

1.	 Report Ns. 2. Ciwo ome"t Accession No, I	 Rociri.n#'s Cot.lsv N.,

A. Title end $"title SECOND QUARTERLY REPORT s ' Rte' 0" March 1971
ON THE CONSTUCTION AND 'TEST OF A DUAL 6, P.rlominf Oro"18010n Code

PATCH MULTI-ELEMENT RADIANT COOLER
7. Author(*)	

R. V. Annable
1.	 10 .14 "ol"i Oretnisatlen R.*.+# No.

9.	 Performing Organisation Non. and Address 14.	 Work Unit N..

ITT Aerospace/Optical Division
Electro-Optical Operations 	 11., Contract or Cron# Me.

NAS5-21132
Fort Wayne, Indiana 46803 13. Ty** of R.*ort end Period Cw.nd

Interim
q

12. S*•nsaring Agcy Name and Address

Goddard Space Flight Center 17 Dec. 1970-17 Mar. 1971
Greenbelt, Maryland 2 0771
I. L. Goldberg, Code 731

1d. Srw*.«iny Agency Code 

IS,	 Su**lem"en#ory Notes

16. Abstract	 This report covers the second quarter of the construction and test
phase of the program.	 All mechanical parts were fabricated, and the dual
patch compartment was assembled. 	 A dual patch passed sinusoidal vibra-
tion tests at 20 G I s.	 The construction and installation of the cooler test
equipment was completed.	 The temperatures of the cone and second (90K)
patch were recalculated to reflect small changes in the design. 	 The study
of cone surfat,e properties was continued with a consideration of the sensi-
tivity of cone designs to diffuse wall reflec" as. 	 Semi-quantitative data on
the infrared absorption of ice was used to re-evaluate the effects of residual
outgassing.	 Experimental measurements confirmed theoretical predictions
on the radiative decoupling between low-emissivity surfaces.

17.	 Key word. 19.	 Cistributiart i+alcstawt

19.	 Security Ciaasif. (o4 this rows) 20.	 fowr.ity Closeif. (of this po") 21. No. of Poles 22.	 Price



PREFACE

This report covers the second quarter of the contract's second phase, the

construction and test of a dual patch multi-element radiant cooler. The sound-

ness of the mechanical design was verified by sinusoidal vibration tests on the

dual pat\!h assembly. Data on the properties of ice at cryogenic temperatures

showed that it has about the same absorption coefficient as liquid water at 12 µm

but a much larger coefficient at 3 µm. Theoretical studies showed that the cone

design used in the radiant cooler is relatively insensitive to diffuse wall reflec-

tions. Experimental studies showed that close-spaced, low-emissivity surfaces

have the theoretically expected radiative insulation factor.

0

iii /iv



r

k

TABLE OF CONTENTS

Page

1.0 INTRODUCTION ------------------------------- 1-1

2.0 COOLER CONSTRUCTION------------------------- 2-1

3.0 COOLER TESTING ----------------------------- 3-1

4.o RECALCULATION OF TEMPERATURES IN THE
MULTI-ELEMENT RADIANT COOLER - - - - - - - - - - - - - - - - 4-1

5.0 CONE SURFACE PROPERTIES --------------------- 5-1

6.0 ANTI-FROST DESIGN --------------------------- 6-1

7.0 EXPERIMENTAL STUDIES ------------------------ 7-1
7.1 Radiative Decoupling ---------------------------- 7-1
7.1.1 Test Results	 --------------------------------- 7-2
7.2 Bell Jar Emissometer --------------------------- 7-6

8.0 NEW TECHNOLOGY ---------------------------- 8-1

9.0 PROGRAM FOR NEXT PERIOD --------------------- 9-1

APPENDIX -- SINUSOIDAL VIBRATION TEST ON THE
DUAL PATCH ASSEMBLY -------------- A-1	 .

f

v



J

J,

Table 2-1 Deal Patch Assembly Resonant Frequencies --------------------- 2-1
Table 4-1 Corrected Values of Cone Coupling

Factors from Second Patch - ------------------------------------ 4-2
Table 4-2 Connections Between Housing; and Cone---------- ---------------- 4-2
Table 4-3 Connections Between Cone and Patch 1 ------------------------- 4-3
Table 4-4 Connections Between Patches 	 --------------------------------- 4-3
Table 4-5 Revised Cone and Patch 2 Temperature 	 ------------------------ 4-4
Table 5-1 Apparent Cone Wall Emissivity

Increase Produced by Diffuse Reflection ------------------------ 5-3
Table 5-2 Required Surface Flatness for Equal Values of

Effective Wall Emissivity ------------------------------------- 5--4
Table 5-3 Ratio of Effective to Hemispheric

Emissivity for Q- ;cular Reflection------------------------------ 5-6
Table 5-4 View Factors from the Patch ---------------------------------- 5-6
Table 5-5 Efficiency of Patch Emission for Diffuse Cone

Reflection --------------------------------------------------- 5-7
Table 5-6 Degradation Factor for Cone Wall Radiative Coupling ------------- 5-8
Table 7-1 Test Measurements ------------------------------------------ 7-3
Table 7-2 Emissivity of Gold Surfaces ----------------------------------- 7-4

1

I

LIST OF ILLUSTRATIONS

V	 Page

Figure 2-1	 Detailed Design of Patch 1 (120K) ------------------------------ 2-2
Figure 2-2	 Detailed Design of Patch 2 ( 90K) ------------------------------ 2-3
Figure 3-1	 Test Equipment Rack ----------------------------------------- 3-2
Figure 7-1	 Patch Support and Coaxial Shield ------------------------------- 7-5
Figure 7-2	 Cone Wall Base for Emissiometer

(Dimensions in inches) ---------------------------------------- 7-7

LIST OF TABLES

vi



J#

1. 0 INTRODUCTION

The emphasis during the second quarter of the construction and test phase of
the program was on the fabrication and assembly of the breadboard cooler and test
equipment. The fabrication of all cooler parts was completed, and the patch com-
partment of the cooler was assembled (Section 2. 0). A dual patch successfully
completed sinusoidal vibration tests at a level of 20 G I s (Appendix). All of the
test equipment was constructed, assembled, and installed (Section 3. 0).

The temperatures of the cone and second (90K) patch were recalculated for
lower values of insulation factor and for several small changes in the cooler design
(Section 4.0). The study of cone surface properties showed that the cone design is
relatively insensitive to a component of diffuse wall reflection (Section 5. 0).
'_wmi-quantitative data on the infrared absorption of ice were used to re-evaluate
the previous study of residual outgassing (Section 6. 0).

y

	

	 Experimental measurements showed that close-spaced, low-emissivity sur-
faces provide the theoretically expected radiative decoupling (Section 7.1). That
is, they have an insulation factor of approximately 2/c, where a is the hemis-
pherical emissivity of either surface. In addition, the experimental equipment
was modified so that it could also be used to determine the hemispherical emiss-
ivity of low-emissivity surfaces (Section 7.2).
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2. 0 COOLER CONSTRUCTION

The fabrication of all the parts for the breadboard cooler was completed
^.	 during the second quarter. The patch compartment consisting of the two patches,

their supports and electrical leads, and the insulation below the patches was assem-
bled. The detailed mechanical designs of the two patches are shown in Figures 2-1
and 2-2. The supports and electrical leads are listed in Section 4.0.

A dual patch assembly was sinusoidally vibrated as described in Section 6. 0
of the first quarterly report for Phase II. One of the four support tubes to the
first (120K) patch was found to be loose after completion of the roll axis vibration.
The tube was re-cemented and the pitch axis vibration completed without incident.
The total vibration time for the three axis was about 30 minutes. Resonant fre-
quencies were noted in each axis as shown in Table 2-1. The complete test report
is reproduced in the appendix.

Table 2-1

Duhl Patch Assembly Resonant Frequencies

Axis	 Frequencies (Hz)

"Yaw	 105

Roll	 30, 85

Pitch	 800 100

A multiple punch for multilayer insulation was constructed. The punch pro-
vides 1/8-inch diameter holes on 1 inch centers to aid in the outgassing of insula-
tion blankets (see Section 3.4 of the first quarterly report for phase 2). There is
a total of 48 punches in a 6Y8  array.

f
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3. 0 COOLER TESTING

The equipment needed for thermal testing of the breadboard cooler was com-
pleted during the second quarter. The space target and liquid nitrogen shroud were
constructed and installed in the space chamber as described in Section 7. 0 of the
design, study report (July 1970). The Norelco A-20 helium refrigerator and the
temperature regulated baseplate described in the design study report were avail-
able from Contract NAS5-1049.. The temperature of the shroud will be measured
by means of a calibrated platinum resistance thermometer and the temperature of
the copper space target with a chromel-constanta.n differential thermocouple
referenced to the resistance thermometer.

The layout of the test equipment rack is shown in Figure 3-1. The integra-
ting digital voltmeter (Section 3. 0 of the September 1970 monthly report) is used to

Y" measure the outputs of the resistance thermometer bridges, differential thermo-
couples, and heater power supplies. The milliammeters used to measure heater
and bias current have an accuracy of ±2 percent of full scale. The heaters re-

'	 quired for initial outgassing and for cooler testing are described in Section 5. 0 of
the first quarterly report.

1
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4. 0 RECALCULATION OF TEMPERATURES IN THE
MULTI - ELEIMENT RADIANT COOLER

The teraperaturns of the cone and second (90K) patch were recalculated for
the following conditions;

a. Cone insulation factors of 80 and 60.

b. Patch insulation factors of 100, 80, and 60.

e. Actual connections between cooler members.

d. Patch cold trap in place of anti-frost enclosure.

e. Correct value of radiative coupling factor (epc ) between second
patch and cone.

f. Patch emissivity of 0. 92.

g. Insulated patch area (A i) of 8. 89 in 2.

Except for the insulation factors, nominal values for thermal properties
were used in the calculations (see Sections 3. 0 and 4. 0 of the design study report).
In addition, the nominal housing temperature of 25 degrees C was used.

Tests on both multilayer insulation fixtures and actual radiant cooler^ indi-
cate that insulation factors in the range of 80 to 100 between the housing and outer
none structure are difficult, if not impossible, to achieve. The realization of high
insulation factors between the cone structure and rear of the patch is also likely to
pru *re difficult. We have therefore reduced the insulation factors to the ranges
listed above.

The cold trap attached to the patch increases the radiative input (4^ 0 ) through
the optical opening because it increases the receiving area attached to the patch.
Th.e values of epc for area 2 (patch 2) given for design IA (III A) in Table 37
(p. 5-4) of the design study report are in error. This is a result of the incorrect
value of the view factor (FP-M(1)) given in Table 36 for the view from the patch
to the first-reflection image of the cone mouth. The correct values are shown in
Table 4-1.

^i
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Table 4-1

Corrected Values of Cane Coupling
Factors from Second Patch

Fp-m(1)	 = 0. 29648

epc	 (0. 05) = 0. 62095

epc	 (0. 07) = 0. 0292

The actual connections between cooler members are listed in Tables 4-2, 4-3 and
4-4.

Table 4-2

Connections Between Housing and Cone

Quantity for	 Dia. (in.)	 Length (in.) Material

2 Support	 1/4X3/16	 1.51
1 Support	 1/4X3/16	 1.66 Synthane
2 Support	 1/4X1/8 	 3.00

15 InAs	 3X10 -3	 1.51-)
4 Patch Heat	 3X10-3	1.66 Chi omel
1 Cone Diff.

Temp.	 3X10-3	 1. 66y

1 Cone Diff.
Temp.	 3X10-3	 1.66 Constantan

12 Temp.
Sensors	 2X10-3	 1.66

2 Cone Heat	 2X10-3	1.66 Nickel
5 HgCdTe	 2X10-3	 1. 51

Kc = 6.73 X 10 -4	W/K

N
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Table 4-3

Connections Between Cone and Patch 1

Quantity	 for	 Dia. (in. )

	

15	 InA s	 3X10-3
	4	 Patch Heat	 3X10-3

	

8	 Patch Temp.	 3X10-3

	

5	 HgCdTe	 2X10-3

	

4	 Support	 1/ 8X3/32

All lengths = 1.6 inches, Kpl = 1. 71X10-4 W/K

Material

Chromel

Nickel

Synthane

Table 4-4

Connections Between Patches

Quantity	 for	 Dia. (in.)	 Material

5	 HgCdTe	 2X10-3	 Nickel

4	 Patch Temp.	 3X10-3
2	 Patch Heat	 3X10-3	 Chromel

2	 Support	 1/8X3/32	 Synthane

All lengths = 1.2 inches; K p2 = 1. 126X10 -4 W/K

The revised temperatures for the cone and second patch are listed in
Table 4-5. The notation used in the table is

si (c) = cone insulation factor
si (p) = patch 2 insulation factor
tc	 cone temperature

t 	 = patch temperature

The results are for a housing temperature of 25 degrees C and nominal
values of emissivities and absorptivities (gold cone). For an insulation factor
of 60, the cone temperature is 6.3 K above the previously calculated nominal
value of 173. 5K (Table 7 of the design study report). The previously calculated

4-3
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nominal value of patch 2 temperature was 84.2K (Table 26 of the design study re-
port). All calculations of hatch 2 temperature are for a patch 1 temperature of
120K. The cold trap on patch 2 is made of polyethylene, which is about the same
absorptivity (0.6) as germanium. However, it increases the collecting diameter
for radiation from the optical opening to 0.6 inch. The value of fo for a cone at
175K is then 2. 8 milliwatts.

The joule heat on patch 2 is assumed to be 2 milliwatts. In addition, the
rear patch area (A i ) being insulated was increased to the value of patch 1
(8.894 in2 ).

Table 4 -5

Revised Cone and Patch 2 Temperature

si (c )	 t  (K )	 si (P )	 tp2 (K)

80	 172.6	 100	 87.6

80	 172.6	 80	 88.7

80	 172.6	 60	 90.4

60	 179.8	 100	 89.5

60	 179.8	 80	 90.7

60	 179.8	 60	 92.6
4

4
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5. 0 CONS; SURFACE PROPERTIES

The preliminary experimental determination of the effective cone wall emiss-
ivity cc in a 45 degree test cone was reported in the first quarterly report (Sec-
tion 4.2). The upper limit to cc was estimated to be 0. 048 for vacuum deposited
aluminum. The average surface flatness of the nickel plated walls was about 17
wavelengths of visible light. To obtain a comparable performance in the radiant
cooler cones for the SCMR and ATS -F VHRR in terms of the level of diffuse re-
flectance requires a finer optical finish ( — 8 wavelengths). The test cone is less
sensitive to deviations from specular reflectance because of the larger view to
cold space from the cone walls. On the other hand, the multi -element radiant
cooler (MERC) has a view from the cone to space nearly as large as the test cone.
As a result, the surface finish required for the same performance is comparable
to that of the test cone (-15 wavelengths).

The test cone is more sensitive than the other three designs to directional
emissivity effects (Section 2. 1 of the first quarterly report). Incidence angles at
the cone walls for patch radiation are limited to the range from 45 degrees to 90
degrees in the test cone. On the other hand, patch rays in the other design either
go down to or approach normal incidence (10 degrees, 7. 5 degrees, and 0 degrees).
Thus cone walls finished to obtain the same cooler specularity as in the test cone
should result in a lower value of cc because of the decrease in average cone wall
incidence angle.

A non -specular component of reflection at the cone walls increases the appa-
rent specular emissivity Ec, as discussed in Section 2.2 of the first quarterly re-
port. We will approximate the non-specular component as pure diffuse (Lamber-
tian). Based on the specular model used in the experimental analysis, the presence
of patch radiation returned to the patch and the increase in patch radiation absorbed
in the cone walls as a result of diffuse reflectivity are both interpreted as increases
in cc. For diffuse reflection at the cone walls, the increase is

M = 14-(1-Eh) f+(1 Eh) 2f2+... =	 1
1 -4 - Eh) f

where Eh is the hemispherical emissivity and f the fraction of patch radiation dif-
fusely reflected at the tune walls that does not reach the space target (cone mouth).

The fraction f is given by

f = Fcc + Fcp = 1-Fcs,
.F;

5-1
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where

Fij	 view factor from 1 to j
c	 cone walls
p w patch opening
8	 visible space target (cone mouth).

Using the relationships (reciprocity and sum of view factors equals unity)

Fes	 As F.,

Ac
F,b c	 .1 Fsp

FSp	 FPS
A

this becomes

I -Fes	 A
(A C-A S-A p F ps),c

where Ak is the area of surface k.

For Eh much less than unity, we have

M -	 I '= - 1 -_
1 - f	 Fes

Neglecting directional effects, a hemispherical emissivity Eh on a cone wall surface
at which a fraction g of the reflection is diffuse , then results in an effective spe-
cular emissivity given by

Ce = Eh [ (1 -g)+ 9
Fes

Note that for Fes = 0 , f = 1, and M = Eli . This is the limiting case of maximum
sensitivity to diffuse reflectance (R. V. Annable, Appl. Opt. 9, 185, Section IV).
We then have ce = ch (1-g)+g or ce = Eh+g for g much less than one. The values
of 1 /Fcs are given in Table 5-1 for the test cone (TC) and for the other three cooler
designs.

5-2
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Table 5-1

Apparent Cone Wall Emissivity

Increase Produced by Diffuse Reflection

	

1	 Compared With
Cone Design	 s	 TC

TC	 1.366	 1

SCMR	 2.515	 1.841

ATS-F	 2.602	 1.905

MERC	 1.445	 1.058

The design values for the test cone are

As = 9
Ac 8V2'

Ap	 1

Ac 8 2̂

Fps = 0.7173

The design values for the other cooler designs were taken from their respective
design study reports. The factor Fps is equal to the factor Fp-m (0) given in the
reports.

The SCMR and ATS-F designs are considerably more sensitive to a diffuse compo-
nent of reflection than the TC and MERC designs. To obtain the value of cc ob-
tained in the test cone, it is necessary to maintain the value of [ (1-g) + g ] con-
stant by reducing g. The fraction g of diffuse reflection can be relatecF cs to
the surface finish on the cone walls by (See Section 2.2 of the first quarterly report).

g = 1-exp [ -(4 ,r T/Jl ) 2 )

5-3
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where

o, = rms deviation of surface from its mean surface limit (roughness)

A = wavelength of radiation.

In general, the argument of the exponent is much less than unity, so that the right
side of the equation may be expanded to give

g ` 1 _ ^ 1 _ ( 47ra ) 2 + 1 ( 41ra)4-...l

	

A	 2	 A

g (4r)2...

The required surface finish (as measured Lv o) is then proportional to the
square root of g. We may assume a linear relay ionship between wand the surface
flatness (ibid). The resultant surface finishes needed in the other designs for an
effective emissivity equal to that of the test cone are listed in Table 5-2. It is
assumed that directional effects are not present and that the evaporated materials
have the same properties.

Table 5-2

Required Surface Flatness

For Equal Values Of Effective

Wall Emissivity

w

Design	 (g/gTC)1/2	 Surface	 Flatness
(Visible Wavelengths)

	

SCMR	 0.492	 8

	

ATS-F	 0.477	 ~ 8

	

MERC	 0.907	 ~ 15

In the above analysis, we did not distinguish between diffusely reflected ra-
diation going to the patch and going to the cone. In addition, we did not account for
multiple reflections in the case of specular wall reflection. These refinements have
little effect on the calculations for the test cone in which the view factor from cone

5-4
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to patch is very small and in which there are no multiple specular reflections.

For specularly reflecting cone walls, the radiative coupling factor between the
patch and cone is

epc = 1 - F p-m (n) ( 1 -Eh)n

where

F p-m (n) = view factor from patch to images of cone mouth formed
by n specular wall reflections

E h	 = hemispherical emissivity of cone walls.

For E h 2 «° 1, we have

( 1 - f h) n= 1-n Eh + n2-1 Eh2 -...

And for Eh (n -1) «2, i. e. , Eh« 1 when n «3, this becomes

(1 - E n ) n = 1 -nEh

Then, using

F p _ m (n) =1,

we obtain

S = Epc = E nF
Eh	 p - m(n)

Values of this ratio are given in Table 5-3 for the four radiant cooler designs of
interest.

5-5



Table 5-3

Ratio of Effective to Hemispheric
Emissivity for Specular Reflection

Design	 F p-m(1) F p-m (2) E nF p_m (n)

TC	 0.2827 0 0.2827

SCMR	 0.5078 0.1691 0.8460

ATS-F	 0.5170 0.1613 0.8396

MERC*	 0.3653 0.673 0.4999

*Total patch opening.

The view factors from the patch to space (cone mouth) and from the patch to cone
are listed in Table 5-4.

Table 5-4

View Factors from

the Patch

Design	 Fps = F p_m (0)	 F pc =1-Fps

TC	 0.7173	 0.2827

SCMR	 0.3231	 0.6769

ATS-F	 0.3217	 0.6783

MERC	 0.5674	 0.4326

For diffusely reflecting cone walls, we will first consider the fraction of patch ra-
diation absorbed in the cone walls (i. e. , the patch-cone radiative coupling factor).
It is given by

C pc = E h Fpc 1 1+( 1 - eh) Fcc + ( 1 - Eh) 2 F cc 2 +...

= chF Re
1 - (1- e h) Fcc

r

5-6



where F cc Is the view factor from the cone to Itself. For ch<<l we obtain

D = pe c = r,..._-..._
Ch	 1	 cc

Secondly, consider the patch radiation returned to the patch as a result of diffuse
reflection at the cone walls. The fraction is given by

r = Fpc - Fcp( J+( 1 - Eh) FcC+-1

r = F. F cp

1-(1-q,)Fcc

For C h << 1 , this becomes

r = F pc , F cip

1-Fcc

Values of the view factors are given in Table 5-5 together with I-r, the efficiency
of patch emission in the presence of diffusely reflecting cone walls.

Table 5-5

Efficiency of Patch Emission

for Diffuse Cone Reflection

Design	 F PC	 F cp	 Fpc • F cp	 1 -r	 FCC

TC	 0.2827	 0.02499	 0.007065	 0.99067	 0.2429

SCMN	 0.6769	 0.04901	 0.03317	 0.92573	 0.5534

ATS -F 0.6783	 0.05593	 0.03794	 0.91381	 0.5598

MERC	 0.4326	 0.1472	 0.06368	 0.92414	 0.1606

5-7



If the radiative input to the patch from the cone is much larger than the sung
of all other thermal loads, the degradation factor produced by diffuse done wall
reflection becomes D/S (1 - r). The vaaues of this ratio Lire given in 'fable 5-6.

Table 5-6

Degradation Factor
for Cone Fall Radiative

Coupling

Design	 D/S (1 - r)

TC	 1.333

SCMR	 1.935

ATS-F	 2.008

MERC	 1.116

It is seen that the ratio for the test cone (TC) is very nearly the same as that
given in Table 1 (1.366). The values are lower for the other designs. However,
thermal inputs to the patch other than cone wall radiation are generally not negli-
gible compared with wall radiation. The two degradations produced by diffuse wall
reflection cannot then be combined into a single factor.

Finally, diffuse cone wall reflection can produce a coupling between external
sources and the cold patch that is not present for specular reflection. This is an

V,	
especially important consideration when direct sunlight irradiates the cone mouth
as in the ATS-F cooler during about 2 months of the year. The external thermal
loads are generally simulated by heaters during cooler tests. A separate chamber
test is therefore necessary to determine the source-patch coupling produced by non-
specular reflections in a given cooler cone.

5-8



i 1

u. 0 ANTI-TRUST DESIGN

The signal attenuation produced by ice accumulated from the residual outgas-
sing of multila,yer insulation has already been studied (Ref. 3). We calculated the
time needed to produce an ice thickness that attenuates the signal by 10 percent.
This was done for the maximum absorption coefficient in two wavelength bands of
Interest (those covered by In A s and HgCdTc detectors). However, the calculation
was based on the absorption coefficients for liquid water rather than ice. That
data for ice (Ref. 1) shows that this is a good approximation in the vicinity of 12 Am
but a poor one in the vicinity of 3 µm.

Hexagonal (ordinary) ice crystallizes at temperatures above about -80 de-
grees C (193K (Ref, 2) ). Crystallization at lower temperatures produces cubic
ice. The absorption curves given in reference 1 are for hexagonal ice at -30 de-
grees C (243K ) and -175 degrees C ( 98K). In the latter case, the ice was formed
above -80 degrees C and there cooled to -175 degrees C. The initial ice condensed
on a patch in a radiant cooler will be hexagonal, but most will be cubic. However,
because we have no quantitative data on the absorption of cubic ice, we will use the
absorption curves for hexagonal ice. Qualitatively, there is little difference in
their spectral absorption curves [ (Ref. 2), Section 2.3 ].

Using the hexagonal data in reference 1 (Figure 24), we see that the n,Mximum
absorption over the wavelength span from 4.5 to 25 pm occurs in the band from
about 10. 5 µm to 12. 5 µm when the ice is at -175 degrees C. That is, it is essen-
tially coincident with an atmospheric window widely used in radiometry. The most
strongly absorbing region in the entire ice spectrum, however, is located in the
band for 3.0 to 3.2 µm at about the same ice temperature.

From Figure 24 of reference 1, the transmission is about 0.48 at a wave-
length of R. 8 µm for a thickness 6 estimated at from 1 to 3 µm (ice at -175 de-
grees C). The corresponding absorption coefficient is then

a = - 1 nT = (2.45 to 7.34) X 103CM-1

The value at a thickness of 2 µm is 3.67 x 103cm -1 . The data for liquid
water (Ref. 3) yields an absorption coefficient of 3. 00 X 103 cm-1 , which is with-
in the estimated range for ice.

In the vicinity of 3 pm wavelength, the liquid water data yields a maximum
absorption coefficient of 4.12 X 103cm-1 . The ice absorption curve, however,
indicates a maximum absorption of greater than 1. 83 X 104cm-1 at 3. 1 Am
[ (Ref. 1), Figure 25; estimated thickness leas that 1 µm]. For a= 1. 83 X 104cm-1
T = 0. 90 at 5 = 0. 576 X 10-5cm. The corresponding time at the higher outgassing
rate (Ref. 3) is then reduced from 169 to 40 days. The time needed to reach
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T -- U. 90 in the vicinity of 12 pm wavelenght is about 239 days under the same
conditions.
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7. 0 EXPERIMENTAL STUDIES

To improve the experimental determination of effective cone wall emissivity,
the cold space target and insulation below the patch were modified as proposed in
the first quarterly report (Section 4. 2). The pyramidal target was replaced with a
honeycomb cavity array attached directly to the liquid nitrogen reservoir. The
stack of multilayer insulation below the patch was replaced by a close-spaced ge-
ometry of gold plated aluminum surfaces (rear of patch and facing surface of base).
The two patch supports were provided with coaxial low emissivity shields of gold
tape.

A further modification was begun to allow the measurement of the hemis-
pherical emissivity of flat samples in the experimental test setup.

7. 1 Radiative Decoupling

The modified equipment was used to determine the effective emissivity of the
gold surfaces and therefore the insulation factor of the close-spaced geometry.
Based on a set of three experiments, the gold surfaces have an emissivity of 0.042.
The corresponding shielding factor is 47.3 between the rear of the patch and the
adjacent base (cone structure). The emissivity compares favorably with a pre-
viously measured value of 0.048 for a gold plated aluminum surface (Final Report,
Part II, on Contract NAS5-11683 0 8 April -15 December, 1969). We may therefore
conclude that the close-spaced geometry behaves as expected. The arrangement
provides an insulation factor of 2/c, where c is the hemispherical emissivity of
either surface. Surfaces prepared according to the procedure used on the larger
cooler cone for the ITQS radiometer have a hemispherical emissivity of approxi-
mately 0. 02 (ibid). If such surfaces were used on the facing areas of a close-spaced
geometry, they would provide an insulation factor of about 100.

The effects of departures from close-spaced geometry can be estimated from
Christiansen's formula (M. Jakob, Heat Transfer, Vol. II, John Wiley & Sons,
1957, p. 5),

l -. l + (l - 1) Al

E	 E^	 E2	 A2

where

c = radiative interchange factor or effective emissivity

i = emissivity of surface i

A. = area of surface i
1
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The subscript 1 refers to the inner su.Cfacc and 2 to the outer. The equation is
exact for diffusely reflecting concentric spheres and infinitely long coaxial cylinders.
In general, the distance between the two surfaces should not vary much over all
the surface. For infinite plane-parallel plates or close-spaced geometry,
A i /Ay-I'1. We then have

1 - 1 + 1 - 1
E	 el e2

This result also holds for specularly reflecting parallel plates, long coaxial cy-
linders, and concentric spheres. The distinction between diffuse and specular
reflection is therefore eliminated for closely spaced surfaces. In terms of shield-
ing factors, the above formula becomes

S = S1 + S2 - 1

If either surface is black (emissivity of one), the overall shielding factor is equal
to that of the non-black surface.

7.1.1. Test Results

The thermal balance equation of the patch in the test fixture is

o, EpAp(Tp 4 -To 4 ) = A c  ( Tb 4-Tp4)

+Kp (Tb-Tp) 4 % 4 ^s

where

Ep = effective emissivity for interchange between front of patch and
cold target

eg = emissivity of gold plated surfaces on rear of patch and base
Ap = front (black) area of patch
A i = side and bottom (gold) area of patch
Tp = patch temperature
To = cold target temperature
Tb = base temperature
^h = joule heat on patch
^s = radiative input from support shields

An approximate formula for % is derived in Section 7. 1.2 in terms of the
shield emissivity ES , the support outer area As, and the temperature Tb and Tp.
Because of the approximate nature of the formula for E s , we will assume that Es
equals cg and therefore obtain an average emissivity for all gold surfaces. In addi-
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tion, we will use a value of C  (0. 89) based on a previous determination of the
black paint emissivity (first quarterly report, Section 4.2). A variation of ±0. 03
in ep results in a variation of about ± 6 percent in eg, comparable with the varia-
tion in the experimental results.

The thermal conductance Kp is equal to 0.0407 mW/K. The conductive paths
are those through the two synthane supports (1/8 inch O. D. and 3/32 inch T. D. ),
two chromel heater leads (3 X 10-3 inch diameter), and two chromel-constantan
thermocouple leads (3 X 10-3 inch). The length of all paths is 2. 5 inches.

The test measurements are listed in Table 7-1. Each temperature is the
average of from four to six readings taken after thermal equilibrium had been
reached.

Table 7-1
Test Measurements

Test No. Tb Tp To %

1 300.4 149.7 85.6 25.286

2 301.0 158.3 86.8 52.692

3	 301.1	 141.5	 87.0	 0

Temperature in kelvins; power in milliwatts.

For the set-up used,

Ap = 5. 944 in2
Ai = 6. 822 in2
2A s = 1. 963 in2

The calculated values of gold surface emissivity ( Eg) are listed in Table 7-2 for
an effective patch emissivity ( Ep) of 0. 89.

7-3



V

t

Table 7-2
Emissivity of Gold Surfaces

Test No.	 C 

1	 0.0422

2	 0.0401

3	 0.0445

A verage	 0.0423

7.1.2 Radiative Input to Supports

The geometry of a patch support and its coaxial shield is shown in Figure 7-1.
We will assume a linear temperature distribution between the base and patch. In
addition, we will assume that all the net radiative input to the outer surface of the
support is conducted into the patch. An area element on the outer surface of the
support at a distance x from its connection to the base, absorbs a net radiant
power given by

d) x = 7r Des a (Tb 4_ T 4 ) dx

where D is the other diameter of the support, cs the emissivity of the shield, and
Tx the temperature at X. The support is assumed to be black.

For the linear temperature drop, we have

Tx = Tb - (Tb - Tp

where f is the lenght of the support between the base and patch. Inserting this into
the expression for dux and integrating from 0 to f, we obtain the radiant power
absorbed in the outer surface of the support tube.

Simplifying and rearranging, we obtain an expression for the radiative input to the
support,

	

^s = aAsFS (Tb 4-Tp 4 ) Tl2— 	 T _T 4

	

T"Tp	 5(Tb -Tp )

where As is the outer support area, 7rDf. At the temperatures measured, the ex-
pression within the square brackets has a value of 0.654 -L- 0. 010 and is therefore
very nearly constant.
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7.2 Bell Jar Fmissometer_

`l'he space chamber used for the experimental studies will be modified to al-
low the measurement of the hemispherical emissivity of flat samples. The tech-
nique utilized is basically a calorimetric one in which she sample temperature is
fixed. It is described in detail in Part II to the final report on Contract NAS5-
11683 (8 April - 15 December 1969). The honeycomb liquid nitrogen target was
modified to a shallow cylindrical cold cavity by the addition of a honeycomb skirt.
A measuring plate or disk was constructed of aluminum foil and honeycomb. It
will be suspended from the cold cavity by means of two thermocouple leads and
two additional support wires. The sample (cone wall) wil be attached to a tempera-
ture regulated baseplate. The sample bash will permit the measurement of a wide
range of wall sizes and shapes (Figure 7- 2).

The basic equation of the experiment relates the emissivity of the sample
(E 1 ) to the measured temperatures of the sample (T1), measuring plate (T2), and
cold cavity (T3). For only radiative coupling between surfaces and for thermal
equilibrium, the equation is (Section 2. 0 of the above report).

0.95 TT 2^ T+ _Zr
,I. 1	_ Z. 2

This result holds for a low emissivity sample (E 1 << 1) and for honeycomb
facing honeycomb between the disk and cavity. Both hides of the disk and the
cavity are assumed to be covered with black paint whose emissivity is 0. 91
(first quarterly report, Section 4. 2).

For T 1 = 300K and T 3 = 85K, T 2 = 121. 5K when c 1 = 0. 02. The net power
emitted (or received) by the disk is

= 0. 95 (T 2 4 - T 34
2-3	

) QA 2,

where A 2 is the high emissivity area of either side of the disk (the sides of
the disk are covered with low-emissivity material as described in Part II of the
final report on Contract NAS5-11683). The disk has a 1. 50 inch diameter, so that
for the above temperatures, it radiates a net thermal equilibrium power of 10. 19 rnW.
If the supports are to conduct no more than 2 percent of this amount (correspon-
ding to a 2 percent error in the emissivity measurement; Section 4.3 of the above
report), their thermal conductance cannot exceed

2.04x10-4 = 5.59X10-6W/K
36.5

The fupport wires will all be 2 inches long between the disk and cavity.
They will consist of three chromel and one constantan, all 3 X 10-3 inch in diameter.
The resultant thermal conductance is 5. 57 X 10-6 W/K.
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Figure 7-2 Cone Wall Base for Emissiometer
(Dimensions in inches)
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8. 0 NEW TECHNOLOGY

No items which are considered new technology according to NASA form 1102
were developed during the second quarter of the second contract phase,

i

j

8-1



9-1

Ir

9. 0 PROGRAM FOR NEXT PERIOD

The program will be completed before the end of another quarter. Specifi-
cally, the modified schedule calls for delivery of the breadboard cooler on or be-
fore 19 May 1971.
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A PPENDIX

SIMUSOIDAL VIBRATION TEST

ON THE DUAL PATCH ASSEMBLY
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Report No. 1577

I.O	 DESCRIPTION

I. 1	 One (1) Metre Patch was submitted to the tctst laboratory for a vibration test.

2. o	 PROCEDURE

2.1
	

The More Patch was mounted by its normal mounting; means to an aluminum
fixture (see Fib;. I ).

2.2
	

The unit was sul ► jected to harmonic motion along; each of' three mutually per-
pendicular axes. The frequency ►-ange from 5 to 2000 11z was traversed one
time in each axis at a sweep rate of one octave per minute. The amplitude of
motion was 0. 10 inch D.A. or 20 G I s whichever was L-ss.

2. 3
	

During the sweep in each axis resonant frequencies were noted.

2.4
	

Total vibration time for the three ,Lxt:s was approximately 30 minutes.
XC f	

I z.

i
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3, C ► 	 H ESU LTS

	

3. 1	 (Inc of the, four horizontal supporting; rods cemented to the Mere Patch came
loose after completing vibration in the Y axis. The .rod was re-cemented and
the Z axis vibration test was completed without incident.

	

3.2	 Resonance frequencies were noted In each of the following axes,

X-Axis	 Y .-A xis	 Z -Axix

105 Hz	 30 Hz	 80 Hz
35 Hz	 100 Hz

4.0	 NOTES

	

4.1	 Test requested by J. Lodder, Industrial Park.

	

4.2	 Test completed on January 11, 1971.

	

4.3	 Test performed by
E. G. Stark
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