General Disclaimer

One or more of the Following Statements may affect this Document

e 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.

e 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.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e 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)



NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



f-

A DGE/JPL-1060-27
g pom i ibution Cat UC-62b
’ Solar Thermal Power Systems Distiibutior egory 9
Parabolic Dish Project 4
Research and Advanced Development
(NASA-CB—I&OOOS) STATUS OF JPL's EXPERIENCE N81-18498

WITH THIN 7809 GLASS FOR SOLAR ENERGY

APPLICATIONS (Jet Propulsion Lab.) 25 P

HC AOQ2/MF AO1 CSCL 10A Unclas
b G3/44 41577

Siatus of JPL’s Experience

| with Thin 7809 Glass |

.i for Solar Energy Applications

| REPORT No. 1

[ F. L. Bouquet 4
f 4

October 1, 1980

Prepared for

Solar Energy Research Institute

Through an agreement with o '
Nanongal Aeronautics and Space Administration
Dy

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

(JPL PUBLICATION 80-96)

L% Y




T g AR @ T T T T T a—— L ks W et T

5105-28. Rev. A DOE/JPL-1060-37
Solar Thermal Power Systems Di tribution Category UC-62b

Parabolic Dish Project
Research and Advanced Developmeoent

Status of JPL’s Experience
with Thin 7809 Gilass
for Solar Energy Applications

REPORT No. 1

F. L. Bouquet

October 1, 1980

Prepared for

Solar Energy Research Institute

Through an agreemeant with

National Aeronautics and Space Administration
ny

Jet Propulsion Laboratory

Calforma Institute of Technology
Pasadena. Cabfornma

(JPL PUBLICATION 80-96)

A N B -2 7 oo doe It W2 2 & Mo feb A e n e g




R A - A 2

R

T e T

> —— ——

-

Prepared bv the Jet Propulsion Laboratory, California Institute of Technology,
for the ULS, Department of Encrgy through an agreement with the National Acro-
nautics and Space Administration.

The JPL Solar Thermal Power Systems Project is sponsored by the U.S, Depart-
ment of Energy and forms a part of the Solar Thermal Program to develop low-
cost solar thermal and electric power plants,

This report was prepared as an account of work sponsored by the United States
Government, Neither the United States nor the United States Department of
Energy, nor any of their employees, norany of their contractors, subcontractors,
of their employees, makes any warranty, express or implied, or assumes any legal
liabinty or responsibility for the aceuracy, completeness or usefulness of any ine
formation, apparatus, product or process disclosed, or represents that its use
would not infringe privately owned rights.
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FOREWORD

This report was prepared by the Applied Mechanies Technology
Section, Jet Propulsion Laboratory, California Institute of Technology.

Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturewr, orx otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof, The
views and opinions of authors expressed herein d¢ not necessarily
state or reflect those of the United States Government or any agency ’

:

thereof,

For additional information or discussion concerning JPL's
experience with Corning Code 7809 glass and its use in solar
applications, please contact the following office:

Solar Thermal Power Systems |
Parabolic Dish Project 4
Jet Propulsion Laboratory |
4800 Oak Grove Drive
Pasadena, CA 91109

Telephone: (213) 5779367 §
FT§ 792-9367
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ABSTRACT

Through an agreement with DOE, the Solar Energy Research Institute,
Golden, Colorado, has supplied JPL with 2 shipment of advanced, high-
transmittance glass for solar thermal power applicutions. This
document, Status Report No. 1, records the results of both mirror and
glass inspection. Surface and bulk defects ure identified as well as
the number broken or chipped during shipment and handling. Of the
panels received, the thicker l.5~mm (0.060-in.) glass exhibited a
smaller breakage rate than the thin 1.0-mm (0.040-in.) panels.

Ry

[
|
!
|
|
|
A
?
?

iv

drai b e e T % i - o) P s .
g . - LTI AT s FRNIEN B AR e Y e s TR i R R e e e e e



CONTENTS

I L] INTRODUCTION » . . L L4 . L] L3 . L] L] » * * . » . L] L . . . . 1

: IX. RESULTS OF GLASS/MIRROR INSPECTION . + o ¢ o ¢ o + ¢ « o« « 3
E T1I. MEASUREMENTS « « o ¢ o o o o o o o o o o s o s s s v v oo 1
§ 1V, SURFACE AND BULK DEFECTS + « ¢« o ¢ o v o s 2 s o s s s & o 11
V.  MIRROR DEPLOYMENT . « o o o o & o s o o o « o« s 5 s o o o o 13

Vi. RECORDS 4 v ¢ o o « ¢ o 2 s s ¢« o o o o o s s a9 o s o« o 19

VII. FUTURE PLANS .+ & & ¢ & ¢« s o o o o ¢ o s o o s v 2 o ¢ o o« 21

REFE RENCES . . + @ L] LI } LI B ] ] [ A [ N . L ] . » . . * 23

Figures

!
;
)
,} APPENDIX . 1 [ ] * L] . » L] L] * » . » . L] - L] * * - . L] *» L] » . » . 25
|
t
A 1. Layout of Sample Measurement Locations .+ . « « ¢« + o & o » 9 .
? 2. Results of Thickness Measurements (Across Draw Direction) . 10 N
3. Mirrors Bonded to Cellular Glass « « &+ &+ « 4+ o o o« » « « L&

4, Reflection of Vertical Doo, Livnes on Curved Mirrors . . . , 15

5. Reflection of Mirror Pattern on Wall
(10:00 a.m., May 5, 1980, Pasadena, California) . . . . . . 16

6. Outdoor Exposure RaCk v & o 4 v v « + o o o » 2 o s o o o 17

1. Glass/Mirrors Requested . . & v v o o o o s+ « o« o o 2+ o o &
2. Glass/Mirrors Received . . &+ v v 4 + v ¢+ ¢ v o o s o o o o« &
3. Glass/Mirror Status Summary (April 15, 1980) + v v v v . .S
4. Glass/Mirror DImensSionsS .+ + « « & » s & « o 5 + o + o o o + 8

5. Summary of Surface and Bulk Defects . .« v v « « ¢« « ¢« o o« o 11

O e o N e



SECTION I

INTRODUCTION

This report of JPL's initial experience in receiving and
handling high~transmittance glass for solar energy applications was
prepared at the request of the Solar Energy Research Institute (SERI)
(Refs. 1 and 2). The glass, Corning Code 7809, is one of a number of
promising compositions being made available to industry by SERI. TIn
this case, the glass is planned for use in advanced parabolic dish
designs for the Solar Thermal Power Systems Parabolic Dish Project. .

Arrangements for a no-cost loan from SERI to JPL were undertaken
in ¥Y 79. and mosi of the glass was silvered by Falconer Glass
Industries, Inec., early in FY 80.
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SECTION II

RESULTS OF GLASS/MIRROR INSPECTION

The shipment of Corning Code 780% glass arrived in three cases
that were immediately openr. and inspected on March 28, 1980. The
contents of the cases (identified as A, B, and ) were cataloged and
the taicknesses measured. Table 1 indicates the requested quantities
and types of glass/mirror lites; Table 2 lists the received quantities
and types.

A summary of broken and available lites is presented in Table
3. It was found that 37 of the 253 lites (14.6%) were broken in
shipment and handling., Five lites were broken during unpacking,
handling, cutt.)g, and rejpacking by JPL, Of the total pieces broken,
10.7% were the extremely fragile 1.0-mm (0.040-in.) thicknesses and
5.9% were the more sturdy l.5-mm (0.060-in.) thicknesscs.

Liquid~phase water has been implicated as being corrosive to
second-surface silvered mirrvors. It is noted that some of the mirrors
and the separating papers were wet upon opening (crates A and B), and
one mirror of the third case (crate C) exhibited water marks,
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Table 1.

Glass/Mirrors Requested¥

Type and Thickness Subtotal Yotal
Glass
1.0 mm €0.040 in.) 10 30
1.5 mm (0.060 in.) 20
Mirrors
1.0 mm €0.040 in.) 65 245
1.5 mm (0.060 in.) 180
*Nominal Size: 0.9 m x 0.9 m (36 in. x 36 in.)
Glass/Mirrors Received*
Case
Type and Thickness A B C Subtotal ‘fotal
Glass
1.0 mm (0,040 in.) 0 22 0 22 %
1.5 mm (0.060 in.) 0 12 0 12
Mirrors
1.0 mm (0.040 in.) 45 0 0 45 219
1.5 mm (0.060 in.) 4 0 170 174

*Nominal Size: 0.9 m x 0.9 m (36 in. x 36 in.)
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Table 3. Glass/Mirror Status Summary (April 15, 1980)

3 Type and Number Broken Lites Presently Available Lites |
3 Thickness Received No. % No, % |
i ?
’ Glass |
1,0 mm 22 18% 82 4 18
(0.040 in.)
| 1.5 mm 12 1 8 11 92
: (0-060 int)
k — . - —— o . E - — -
b
‘ Mirror
1.0 mm 45 8 18 37 82
? (0.040 in.)
|
: 1.5 mm 174 15 9 159 91
| (0.060 in.)
3
%
/ *Approximately 10 of the 18 lites had broken corners; one had a chipped edge.
? The remainder were broken across the glass' central regions.
i
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SECTION II1T

MEASUREMENTS

Upon receipt, the length, width; and thickness of each lite was
measured and tabulated. Considerable variations were observed in most
dimensions (Table 4), A 10.16-cm x 10.16-cm (4-in. x 4-in,) sample of
each of the two types of mirrors was measured. These preliminary
results, shown in Figures 1 and 2, ascume a one mil thick paint
coating. These sampies were arbitrarily selected and should not be
interpreted as characteristic of the entire shipment. The
measurements shown are for two opposite sides of each sample measured
across the draw. The variation with the draw was not as noticeable
when judged by eye.
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Table 4., Glass/Mirror Dimensions

E Type of Thickness Width Length '
Material | mm (in.) m (in.) m (in.)

Y Min Avg Max Min Avg Max

?

: 0.51 0.65 0.73 1.30 1,30 1.30

5 1.0 €0.040)

, (20.0) (25.9)  (28.8) (51.0) (51,0)  (51.0)

. Glass

|

% 0.51 0.66 0.71 1.30 1.30 1,30

! 1.5 (0.060)

é (20.0)  (25.9) (28.0) | (51.0)  (51.0) (51.0) ]

i

| 0.743 0.91 0.92 1.07 1.09 1.09
1.0 (0.040)

r (29.3) (35.9) (36.3) (42.5) (43.0) (43.0)

Mirror

L

| 0.91 0.91 0.91 1.09 1.09 1.09
1.5 (0.060)

(36.0) (36.0) (36.0) (43.0) (43.0) (43.0)
]
f
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' CORNING 7809
1.5 mm (0.040 in,) THICK
10,2 ecm x 10,2 cm

: H (4in, x4 in.) C
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CORNING 7809

f 1.0 mm (0.040 in.) THICK
! H 10,2 cm x 10.2 em C
(4 in. x 4in.)

J E
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E Figure 1. Layout of Sample Measurement Locations
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SECTION IV

SURFACE AND #¢LK DEFECTS

As the glass was unpacked, it was checked for surface waviness.
The 1.0-mm (0.040-in.) thick glass and mirrors exhibited the greatest
surface waviness. Surface striations along one edge of the glass were
observed as well as local (~2~ to 4-cm) waviness. (See Table 5.)

Various types of defects were observed in addition to surface
waviness. These include bubbles in the bulk glass, breaks, cracks or
chipped edges, and some minor spots where the silver metallization was
degraded. The number and frequency (in percent) of the observed
defects are shown in Table 5.

Table 5. Summary of Surface and Bulk Defects

Breaks,
Type and Cracks, Reflectance
Thickness Waves % or Chips % Bubbles % Spots %
Glass:
1.0 mm 21 95 15 68 0 0 0 0
(0.040 in.)
1.5 mm 12 100 5 42 1 8 0 0
(0.060 in.)
Mirror:
1.0 nm 45 100 11 24 20 44 1 2
(0.040 in.)
1.5 mm 0 0 16 9 69 40 2 1
(0.060 in.)
11
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SECTION V

MIRROR DEPLOYMENT

Outdoor deployment efforts using the Code 70609 mirrors are
currently underway at JPL. Mirror gores for technology demonstration
and environmental testing are being fabricated. Typical gores of
mirrors bended to cellular glass ave shown in Figures 3 through 5.
The waviness of the mirrors is evident by the reflection of the
parallel lines of the building. The two larger gores are 1.5-mm
(0.060-in.) thiek and approximately 0.61-m (2-ft) square. These
particular mirrors have been fastened to blocks of cellular glass
substrate for adhesive tests.

Additional environmental testing of mirror samples includes the
following:

(1) Deployment of 4.8~cm x 4.8-cw (1.9-in. x 1.9-in.)
samples at JPL on exposure racks at 45° facing
south. (See Figure 6.)

(2) Deployment of the same size samples at Goldstone
Test Site, Barstow, California.

(3) Deployment of 10.16-cm x 10.16-cm (4=-in. x &4=in.)
mirror samples at JPL.

The purpose of outdoor testing is to determine the effects of
soiling and reflective surface degradation.
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Figure 5. Reflection of Mirror Pattern on Wall
(10:00 a.m., May 5, 1980, Pasadena, California)
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SECTION VI
RECORDS

JPL has initiated a special record system for the Code 7809 5
glass. It consists of the following:

(1) Each incoming glass or mirror section is assigned an
alphanumeric code.

(2)  An inspection form is completed by the individual
performing the evaluation. Cracks, blemishes, and other
pertinent information are noted.

(3) The records of the Code 7809 glass/mirrors are filed in a
special notebook and are available as needed.
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SECTION VII

FUTURE PLANS

Present plans include increasing the deployment of both glass
and mirror samples in the outdoor environment. Also, plans ave being
formulated for continued fabrication of the Corning Code 7809 mirrors
into gores for outdoor and indoor testing. Further tests to

characterize both the glass and mirrors are plauned for this fiscal
year.
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APPENDIX |
Form used for Tabulation of Code 7809 Glass/Mirrors |
i
|
|
SER! GLASS/MIRROR INSPECTION RECORD LEGEND: |
JPL Lite Charocteristics Condition
Date | Code : - . ' Remarks
| No. | Glass | Mirror (Tmn:r’n :’;n".‘; rn‘,n."; Breaks | Waves | Bubbles
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