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NOTICE

This ‘report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agents the United States Department of Energy, the United
States National Aeronautics and Space Administration, nor any
federal employees, nor any of their contractors, subcontractors
er their employees, make any warranty, express or implied, or
assume. any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represent that its use would
not infringe privately owned rights.
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PREFACE

This report is a collation of quarterly reports on the Solar II
Air Flat Plate Collectors. The work covers development and fabrica-
tion of a-prototype air flat plate collector subsystem containing
320 square feet (10-4' X 8' panels) of collector area. Three (in-
strumented) panels were completely assembled with glazing and insula-
tion. Manufacturing of the last seven prototype collectors was
completed in October, 1977. ’

A summary table of contents follows this introduction. It lists
.each Quarterly Report with an individual Table of Contents. The first
three Quarterly Reports' pages were renumbered using a roman number "IV
followed by an arabic number "2". Hence, in this example, I-2 is the
second page of the First Quarterly Report.
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. PART I SUMMARY
Introduction ’

The Development Phase of the Air Flat Plate Collector during the First
Quarter is desoribed in detail in subsequent parts of this revort.
Summary

Contract - No changss have been requeated.

Schedulas

The Development Plan schedule indicated the Préliminary Design .Review
occurred on schedule. The Quarterly Review was aporoximately 2 wesks
ahead of scheduls,

The Verification Plan Test Program indicated the Test Program was approx-
imately 2 wesaks behind schsdulé. Life Sciences Fnglineering expecis to

be back on schedule within 2 to 3.montha by develoning: one additional
504X 8 test collector; a 'final-configuration' opreproduction SC4I8 col-
lector, and 2 spare SC22X48 test oollectors. These additional test
eollectors will permit rapid ohange over to the next sconfiguration

while the other collectors are in testing.
Tachnicsl Performance '
A monthly dsescription of the work activities was provided.

Forecast of activities to complete tasks included the fabrication of a
SC4X8 collector that mests baseline and Thermal Analysis specifi-

cations. The Teat Program and asctivities ware idantified for the Proto-

type Design Review.



.4 Data - A limited amount of data was taken due tos an
excessive number of cloudy days, changing collector

gpacing, late deliveries of materials and illness.

Data analysis of the baseline collector indicated an
average efficiency for the 3% hour test on January

30th was 57.6% and 17,442 Btu were transferred to the

alr,



PART II CONTRACT

1. Changes Requasted

No requebﬁs for changes have been sulmitted. However the following

revizions were nadse,

1.1 Subsystem Performance Identification SHC-3058

1.1.1

1.1-2 *

1.1.3

Identification was supplied for the Installation, Operatlon and
Malntenance Manual as SHC-3070.

This specification was wodified when the SQAXB collector wasg

. selescted rather than the SCLX10 collector on which the proposge

al Qpecifications wara based. These wodifications included:

jhree 32 square foot collectors instead of three 4o square

foot collectors

14,400 Btu/Hr for the SC4X8 wversus 18,000 Btu/Hr for the SC4X10
It should be noted that neither the air exit temperature nor the
air flow rate were changed, This neglect to change the air exit
temperature on our part mgde the design goal of 130°F average air

temperaturs output for the SC4X10 coliector unrealiatic for the

SC4X8 collector.- Life Sciences Engineering is preparing asddition-
al analyses to define a realistic average air tempsrature output
for an air inlet temperature of 70°PF besed on the reduced abeor-

ber pansl area.

1.2 The Development Plan, SHC=3059 was revised to reflect changes in the

schedule.

ORIGINAL PAGE 45
OF POOR QUALITY
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PART III SCHEDULE

1. Schedule

1.1 Verification Plan Test Program
Figurs 5-1 Verification Rian Test FProgram shows the actual schedule
is approximately 2 weeks behind schedule. Lack of clear skies, late
éelivery of equipment and 1llness have previously been reported as
thg nrimary causas. Howsver, the multipla testing capability of the
3 tagt cells of the Test Facil?ty are expected to meke up for- the
last two weeks. Automatic data colleciion planned for March will
algé improve operations.

1.2 Dévelopment Flan
Figure 3-2 Development Plan Schedule shows that the scheduled program
activities have ocourrsed on time. The First Quarterly Review is
approxiﬁately two weeks ahead of schedule.

1.3 échedule Recévery Plan

.The addition of Dr. Charles Murrish £o Life Sclences Yngineering will

" provide direction and exp;rt}se to einadite selaction, installation

and date processing systems.

A minimm of one additional test collector will be built éoncurrenf
with the building of a '"final configured' preproduction colleétor.

Tﬁié development test collector will allow Life Sciences Engineering
the testing in stages by adding ona‘improvament at a time and recording
the effects of performance. |

The 'final configured' preproduction collactor will be fabricated to
address manufactdring nrocedures, brocess controls and insvlation
.Tzachni'ques for, fall—up—build' and backup supnort for the test program.
Meanwhile, the test orogram will be speeded up by modifying the SC22X48
0011éctors to baseline and thermal analysis requirements with the cap-

ability of.rapidly changing -absorber panels. The test program was

I-4



designed to unse four SC22I48 collectors to compare abeorbsr coatings,
glagings and combinations of gbsorber ccatings and glazings. These
colleetors are much lighter in weight and easier to handle which will
reduce test change time and per=onnel time, Two spare SC22X48 collec-
tors will also bes used in the development and testing by being set up
for the next test while the other colleotors are in testing. These
spare collectors will alsoc be used in developing installation techniques
and instaliation drawings for the preparation of the Installation,

Operatlon and Maintenance {IOM) Manual.

I-5
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PART IV  Technical Performance

General Description of Work Accomplished During the Quarter

1.1 HNovenbar

The firat month's work activities included:
Dasign Specification Review
Thomas Meter Checkout
Blower Mctor Flow Rate
ybrificﬁtion Plan
3afety Hazard Analysis
Test Facllity Checkout
" Data Collection System
Component/Material Availability
The Thomas Meter and mancmeter air flow testing Indicated that the

blower motor wculd have to be changed to & variable speed motor in

order to use more than one test cell at a time,

Componsnt and material availability investigations indicated that the
¥inco thermel resistor would be 5 6o 6 weeks late. GCopper constantum
thermocouples wire was t@erafore obtained and thermocouples would be

&sed until the thormal resistor arrived. (Tt finally arrived 2 months

late.) The first aluminum solder was found unsatisfactory.

" L]
b

Numbr;us.minidcoﬁéuter ‘eompanies were contacted and their mini-computer
characteristics and brochures were réviewed.
December
The second month's work activities included:
One SCLX8 Test Gollector for Test Cell No. 1
Two $C22X48 Test Collectors

Two Thomas Meters for Test Cells No. 1 and 2

I-8



Preliminary Dasign Review Data Packages
‘Data Collsction System
The late delivery of the Solarsorb paint delayed fabrieation of the
SC4X8 and two SC22X48 test collectora. The SG4X8 Test Collector was
installed on the last day of December in test cell #l. Only ére—

liminary alr flow test date was obtained for the 1 inch plenum spacing.

Two Tﬁomas Meters were built for test cells 1 ard 2,

The Preliminary Design Review Data package was completed and consisted
ofs
Safety Hazard Analysis
Structural Analysis
Thermal Analysis
Verification Plan, SHC-3071
‘Drawing Lisit, Standards and Symbology
éronosed_Spacial Handli;g, Installatiqn and Maintenance Tools
List of ﬁgta Recommended for the Prototype Design Review
Prototype Drawings -
1.3 January
The third month's work activities included:
SGAiB Test Collector Data

Preliminary Dasign Revisw

Glass. Stress Analysis ORIGINAL PAGE 18
OF PCOR QUALITY

. Thomes Meters Installed .
Instrunentatidn
Installed Air Flow Test Probe Sections
Quality Assurance Plan

3CR2X4LE Test Collector Development

I-9



Two air flow test probe sections were installed in Test Cell 1
above and below the collector. Each section has identical holes
to test the distribution of air flow across the top and bottom of

the collgctor.

Ltmifed test déta was taken on the SCUX8 Test Collector due to
the lack of clear days. Test data was taken on the 1" plenum
size.. The Test Collector was removed and the plenum size was
reduced to 5/8", A second set of data was taken at the 5/8"
plenum spacing, The Test Collector was removed, the plenum
qspacing changed to 1/2“ and test data was taken on January 30

and 31. Analysis of the datd is given in Section .

Ingtrumentation: The Micro Tector Electronic Hook Gage with kiel
probes was used to chgck the air flow across the entrance to the
collector plenum.  The flow varied by .001 between each of 3
‘test holes (a center hole and two holes half way to the sides).
The second air flow test probe section wae installed during the
lést week of the month, No tests were made to determine pressure

drop across thé length of the collector fer the 2" plenum spacing.

?he two Thomas Meter ducts were installed. During installation
of test cell #2 ductiné, one copper -wire was broken and was
repaired. The design for automatic operation of the Thomas
"eters was found to require additional work. The existing copper

wire sensors do not have sufficient sensitivity and nickel wire

or tﬁe}ﬁocbuples will be tested.

The Photovoltaic Pyranometer was used to colleet dsta. One
problém‘is that Rho Sigma failed to provide a meter and calibration
for operation at a 60° angle to the horizon. The company has been
2sked to either replace the unit, reEalibrate it or send us a2

calibration cha=t.
. I-10



In general, instrumentation will be recorded by the data collec-
tion system but we wlan to be able to read all insfrument-t*on
directly when problems arise,

Freliminary Design Review: Fpur Review Item Discrepancies were
received and answered. Mihutgs of the Preliminary Design Review
were ;ypéd and distributed. A Glass Stress Analysis was requested.

A baseline drawing for the Air Flat Plate Collector was established

. as definéd in SKSCEX8200-X.

' Glasgs Stress Analysis: Further glass stress analysis recommended

to iife‘Sqiences Engineering use one. cross member to support
5/32" glass in two®L46" x346" sheets.
Quality Assurance Plan:s The Quality Assurance Plan was comnleted

on January 29th, In a telecon with the Technical Manager, the

._Quaiity Assurance Plan was retained for possible review at the

Qﬁarteély Review., _

SCZZXQB_Test Collector Developmemt: One of  the four SC22X48
Test Collectors was modified for the installation of a heat
transfer corrugated sheet which fits in the plenum spacing.
This unit and the others will be modifieé to the " plenum

spacing .and tested in February.

~ Forecast of Activities to Complete Tasks

The SC22X48 Test Collectors will be reworked to the baseline
plénum iv spacing, They will be installed in Test Cell 2 early
in February for the start of the testing program,

A second SCUXB Test Collector will be fabricated to baseline
sﬁecificatioms including Sunadex glass, improved solarsord
paint application, and an improved panel retention technique
with longitudinal structur al support to maintain the %" plenum
spacing. Full testing will commence on this unit as soon as

possible, ORIGINAY, PAGE 15
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2'3

2.4

2.5

2.6

2.7

2.8

'2-9
2,10

2,11

3.1

COntinu;d testing of the current S5C4X8 test collector in test cell 3
is plamed to see tha improvement in performance when changes ars made
jnoiudiqg:
Insulation of the sides of the collector
Inspla;ioq of the to» outer edges of the ends of the collectér
 Addition of nU" ghannels in the air plenum for imoroved heat
transfer
Paint the inner sides of the coilector
_Changes in air flow rate ‘
Further development of techniques for installation of the 5C4X8 collec-
tor ggh.prepgre Installation.Dfawings.
DaVQiopment of the Inatallation, Operation and Maintenance (IOM) Manual,
Continue ;he test pragran taking-data on all units under test in the
three test cells. ‘
Complété the data ¢ollection system, desipn, install and collect data.

Make final decision on the mini-computer, osurchase and use to analyze

"the data.

"Preparation of a Spare Parts list.

Prepare schemstiecs, engin?ering drawings, functional-description and test
data for the Prototype Design Heview'sufficient to evaluate the develop-
mant‘effort. A finished set of 'shpp drawings' will also be prepared.
Prepare a Certification Test Request for Proposal for sub-contractors to bid.

Identificafion of Major Problem Areas

‘The test data obtained on the SC4X8 collector when it was reworked to

the 1/2" plenum spacing showed an average change of 40° F between input
air and thﬁ exit air temperaturqs. A number of exﬁlanations are provided

ana.there.are:ppobably multiple factors involved.

I-12



342 The ourrent SC4X8 test collsctor isnct n -exact agreement with our
Thermal Analysis. Life Sciences Eiginsering plans to fabricate an add-

itional SC4I8 test collector that will meet baseline requirements and the
thermal analysis requirements including:

“SuniedeX glass
Insulation

.F1ll plemm interior painting with high emissivity black paint
New sbsorber panel retention teschnique
Longitudinal supports to maintein the #" plenum spacing.
3.3 The dgaign goal of 60°F.averaga output air temperature increass for the
SC4LX10 collsator was not achieved by the 304X8 collector., As dssoribed
in naragraph 1,1,2, the ratio; that changed the 18,000 Btu/Hr to 14,400
" Btu/Hr probably should have been applled to the 60°F design goal for the
average output air temperature. Ah analysis is in preparation to verify
tbis;
3.4 Additional instrumentation will belinstalled to provide data on weather,

automatic monitoring of flow rates, thermocouples and thermal resistors
oﬁ test units,
4e Data.

Dééa-uas oollected on January 16th with the plenum spacing at one inch.

The plenum spacing was changed on January 23 to 5/8", On January 27th

the pléﬁum spacing was changed to 4",

The data taken on January 16th was considered preliminary as there was

insufficient longitudinal support to assure maintenance of the 1" spacing,

The following code information_is supplied for interpretation of the data:
#1 Adr outlet thermocouple ,
#2 Thermocouple on ingide of absorber plate ¥30" erm top at center
#3 Thermocouple on inside of absorber plate R30" from bottom at center
#, Thermocouple on inside of absorber plate at center
#5 Thermocouple on inside of absorber plate 16" from side in line

with #

1-13



T in Air inlet temperature

"OAT (utside air temperature

_Data’ Reduction

Data taken on January 30, 1977 was reduced to show solar input
to the collector, heat transferred from the collector bv the air
flow; and the overall efficiency. The entire test was conducted

holding one value of air flow. Air flow was derived from the velo-

‘city head of!0.032 in. Hp0 Geeurring in the 9/16" by 45%"pressure

test section near the entrance to the collector. With an air

density of 0,062 1b/ft3 the velocity in this section was 790 fpm,

With a cross section of 0.178 ft2 this results in a flow of
140.4 CFM, or a mass flow rate of 522 1b/hr.
Insolation wns measured with a RHO SIGMA RS1008 photovoltaic

pyranometer mounted in the plane of the collector. Calibr=tion

is su¢h that insolatirn is given by the expressinn:

I=mV x 100 Btu/Hr ft?

149.4
The net aperature aréa for solar inéolation is:
L6in x ohm  _ 30,35 ft2
144 .

The test ran for 3% hours. During that time the integrated

Cinsolation was 302726Btd and the heat transferred to the air was

4?,442 Btu giying an average efficiency for the test period of
57.6%. 'fhe_computation for each time increment are shown in
Téble b1,

Air flow-in these tests was bzsed upon measurements of velocity

head. The Duyer Model 1430 Kicro Tector Electronic Hook Gage

'was-used‘tc measure the differential between total head taken by

kiel probes and static head from a wall orifice. Sirilar tests are

planned using the Thomas Meter to measure air flow.

ORIGINAL PAGE ¥
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I~14a

. 30, 1977 Data)

PINE I INPUT AIR FLCW AT  CUTFUT EFFICIENCY
| Ety/nr £t% But/hr ) Lb/nr { Btu/hr 5

11116 287.8 8735 522 39.3 4927 56 .4
11:26] 284,53 8635 522 38.2 | 4790 55,5

L 11:36]  267.7 8125 522 38.2 | 4827 59,4
11:46|  294,5 8938 | 522 39.7 1 4977 55.7
11:56]  294:5 8938 522 40.3 | 5052 56,5
12:06]  29%.5 8938 522 39.8 | 4990 55,8
12:16| 294, 5 8978 522 39.4 | 4940 55,3
12:26] 294.5 | 8938 | 522 39.5 | 4953 | 55.k
12136] - 294.5 | 8938 522 39.0 4889 54,7
12146 204.5 8938 522 39.5 | 4953 55.4
13:06] 2045 8938 522 40,7 | 5103 57.1
13216 294,35 :8938 572 h3,5 5453 61.0 “
13:261 293.2 8899 522 Li,2 | 5542 62.3
131361  287.8 | 8735 ‘| s22 b1 | 5153 | 59.0
13:6| - 284.5 | 8635 | s22 50.8 | 5115 | 59.2
13:56] 281,11 | 8531 | 522 39.8 | 4990 | 58.5
fih;oé 281,1 8531 522 39.7 4977 58.3
1h316| 2744 | 8328 522 39.3 1 A927 59.2
26| 267.7 | 8125 | 522 38,2 | 4796 | 58.9
1hs36 26k 4 8025 522 37.2 | 4664 58,1
b6 261.0 | 7921 522 37.0 | 4639 | 58.6

" pable 4.1 DEST DATA REDUCTICH (Jan




¢TI

FLOW #1

TIME #2 #3 O #y ' #5 . T IN OAT INSOL.
RATE &
' {max.) S , .
1223 _.O5" 125 108 101.5 BT 112.5 12 49 43 438
1253 zero . 14k 221 199 221 199 58 N F X
1315 ;008" 97 180.5° 165.5  ° 185.5 - 7.2 53 47.5. - Lb5
(120CFM) . ‘ - ,
1327 2L0CFN 78.5 130.% 120.1 133 128 51 . L6 J4L25
1337 180CFM 85.8 140.2 128.6 142 133.1 51 L7 435
oS
=, ;
= Note: This test was performed with the plenum spacing
o Ea at 1 inch. Pressure drop for the 1 inch spacing
%% was less than 0,1 inches of water.
2P
2y |
Test .Date: January 16, 1977

Téat Cell No., 1

TEST REPORT




G-I

#5 T IN

TIME * . FLOW #. #2 #3 #1, OAT IYSOL.
111 120CF 101 131 116 132 100.8 . 61 Al o
1315 120CF¥ io'a'.sjj‘ 131.5 15 125 117.8 61 A .36
1A 1200993 130 115 123.4 115.6 52 42 .35
1332 120CFY 87.6 124 110.9  122.9 109 63 42 .32
1340 120CFM . 82.4 . 106.6 97.5- 101.4 95 62 42 .2

Note: This teat was performed with the plenum spacing

at 5/8",
Test Date: January 23, 1977

Test Cell No. 1

TEST REPORT
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L™

TTHE FLOW #1 #2 #3 #h #5 T IN OAT INSOL.
1400 120 CRM"  111.8 158.6 142.5 152.9 133.7 62 NSNS I
1423 " 109.9 153.6 . ©  138.6 146.5 133.7 65 42 .395
1434 " 10444 149.8 134.3 1434 - 123.8 57,5 L2 345,
1440 " 102.6 148.8 131.7 140 120 56 L2 V34
1517 " 83. 108.8 105.4 117.9 92.9 50 40 .22
1525 L 8L.6 106.6 100.5 113.2 92.6 48 40 .21

o)

g2

tug: :

gbﬁw Note: This test was performed with the plenum spacing

cﬁgg at & inch, .

gg # On Feb.L, the Pressure Test Fixture was remeas-

‘resulted in a flow rate of 140.5CF.

ured and found to have a 9/16" spacing which

TEST REPORT
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PART I SUMMARY

Introduction

The Development Phase of the Air Flat Plate Collector during the Second

Quarter is described in the subsequent parts of this report.
Summary

Contract

No chénges have been formally submitted. However, an Zngineering Analvsis
of the Tempsrature Specification for the Air Flat Plate Collector was submitted

on March 31, 1977. This engineering analyses was sxpected to be the basis of

a change proposal for the outlet temperatures specification.

Scheduls

Davelopment Plan

The Development Plan, Figure 3-2, indicated that the Prototype Design Review
was rescheduled to June 7, 1977 because of testing delays due to late ship-
ment of the Sunadex glass and palnt peeling problems. A prooosed schedule of

‘dates following the Prototype Design Review was included.

Verification Plan

The Verification Plan Test Program, Figure 3-1, indicated a one month delay in
the él;zing_tests. The test schedule was revised when it became evident the
Sunadéx giéss would be late. This permitted.2 month stagnation testing which

re#ealed Solarsorb paint peeling. A proposed reschedule of the test program

Ii-1
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ha

4.2
’ Stagnation testing was performed on the on SC4X8 (4 months) and the four $C22X43

bo3

L4

k.5,

was included in Figure 3-1,
Technical Performance

Performance Tests

Performance data was collected, reduced and analvzed. Averape efficiency for

each test was plotted on Figure 4~1.

Stagnation Tests -

" test collectors (2 months). After 2 months the Solarsorb paint began to peel.

The Nextel: lpaint on two SC22Y48 test collectors did not peel. The peeling was
considered to be an etching/application problem and not necessarily the fault

of the Solarsorb paint.

Absorber Paint Tests
The Solarsorb paint was compared with the Nextel paint and a very slisht advent-

age in thermal absorbtivity wés found for the Solorsorb paint., The Solarsorb

paint thickness was éstimated at twice the recommended ccating. Hence, Solar-

sorb may be more efficient than indicated by the tests. Howevér, the Solarsorb
manufacturer recently reported peeling of their test collector in Pennsylvania
at =20°F. Since our Nextel test collector has experienced -20°F temperatures

without veeling, it is recommended for the Prototype collectors.

Air Flow‘Tests and Anatysis

The Dwyer Micro Tector Hook Gage was used to verify the Thomas Meter develop-
ment for low air flows., The Thomas mcter will be automated to the d%ta collec—
tion system’and used in future data testirz. The Dwven Mizro Tector Hook Gawe
is an accurate laboratory instrument, but is not capable of automaticzlly mon-

itoring air flows to three test cells.,

Descripgion of Activit%es _ : ORIGINAL PAGE IS
OF POOR QUALITY

A description of monthly activities was provided,

._2-



L.6 Forecast of Activities to Complete Tasks

A forecast of the activities required to complete the tasks that are underway

is prm;ided, and an approximate completiqn date is given,

h.7 Identification of idajor Problem Areas

Tvio major problems were discussed, shipping delays and paint peeling.

The paint peeling probiem was resolved. Farly approval of long lead items

for- the Pr‘ototype Collactor was requested,

II-3.
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1.2

PART II CONTRACT

Changes Requested

Engineering Change ?roposal
No'réqﬁests for official changes have been submitted. However, an Engineering

Change Proposal is in preparation which changes outlet temperatures specifica-

"tions. Currently an outlet temperature of 130°F corresponds to an inlet temp-

erature of 70°F and 180°F for an inlet temperature of 140°F, The proposed

temperature specification change is; 120°F for an inlet temperature of 70°F

'and 172°F for an inlet temperature of 140°F,

Prototyps Design Review

The Prototype Design Review was rescheduled for June 7th to complete testing’

of the glazing and anaiyze results,

pot ¥
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1.2

PART IXI SCHEDULE

Schedule

‘Yerification Plan Test Program

The Vgrlfication Plan Test Program as show on Flpure3-1, showa the actual

. scheduls.to .be 1 month behind schedule. Late dellvery of the Sunadex (lass

and bee}ing'of the Solarsorb paint were the primafy causes of the delay.

The glazing tests will be completed in the month. of May. A proposed reschedule

’of?thq.Verification Plan Test Program was included.

Development Flan

Figure 3-2, ‘the Development Plan, shows the change in the Prototype Desian
Review from May 3rd to June 7th. This change in the FDR will reflect chénges
in subseghenb milestones. A proposed reschedule of milestone indicates that

the last 7 prototype collecters can be delivered by the end of October,

Flgure 3-2 alsov shows that the absorber coatings and stagnation fegta Were run

oyer‘a much longer time interval than originally scheduled., This 2 month test

pefiod for the 5C22X48 coliectors painted with Solarsorb revealed the peeling

préblem.

‘I1-5
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Part 1¥ Technical Performance

Le Data
Several types of tests were run during the Quarter: performance tests, air flow,
paint comparison tests and stagnation_testé. As degeribed in section 4,1 to 4.3
only the glazing tests were not run due té the late arrival of the Sunadex

glass.

P ?erfbrmanca‘Data

Al)l performance data was collected on thé SCLXS collector with the plenum
spacing set at 4" per the baseling configuration, The collector cross sec-
tion Qaé 0.178 ft*. Insolation was measﬁred with a Rho Sigma Photovoltaic
pyranométe£ mounted in the plane of the collector., It was calibrated at
149.4 mv = 100 Btu/ft2. Thermocouple data was measured with a Doric Tren-
dicator. Air flow was measured with the Dwyer Micro Tsctor Hook Gage as
the primary standerd while testing of the Thomas Meter continued, Air flow
was measured at the pressure test unit located at the entrance to the col-

lector. The SCLXB aperture was 30.35 ftz.

4.1.1 Data Reduction \ . PAGE 1S
. ! meAL
S %’9 pOOR QUALITY

4.1.,2 February Performance Data Analysis
Data taken on February 13th and 17th, 1977, is shown displayed in Table h.l.

This data was reduced as shown in Tablel, 2, Preparation for the test began
at 1330 when the blower motor was started. After temperatures stabllized,
‘two sets of data were taken when the skies became 35% overcast, The 61.3%
avefage efficiency for February 13th datd is plotteq on Figureyg,l, Prepar-
ation for the February 17th data began at 1130 with the start-of the blower
motor, A‘thin layer of high eclouds covered the skies which cleared by 1330,
One and oﬁe half hours of data were collected with an avérage efficiency of
64.3%. The integrated insolation was 13,695 Btu and heat transferred to the
air was 8,806.2 Btu. 'Thé average inpu£ air temperature to the collecter was

70°F, y
II-8



TIME

INSOL INPUT OUTPUT ~ AMBIENT ~ AIR FLOW
mv, TEMP °F TEMP “F  TEMP °F CFM
1345 420 69.0 1200 56,0 113.6
1355 430 71.0 124.2 55.0 113.6
1405 420 72,0 125.2 5ke5  113.6
1415 430 7240 1247 55.0  113.6
1425 425 72,0 125.4 55.5  113.6
1433 400 72.0 125,90 54,5  113.6
1445 40O 71.5 123.0 .- §4.5  113.6
1455 400 71.0 123.7. 56,0 113.6
1505 360 7040 119.4 54,0 - 113.6
1515 360 69.5 117.9 52,0 113.6
TEST DATA (Taken February 17, 1977)
1430 4200 64,0 113.0 54,0 121.5
1445 380 64.0 107.5 5340 121,5

TEST UATA (Taken February 13, 1977)

Table .1, TEST DATA (Taken February 13 & 17, 1977)

1I-9




TIKE Btu/;r-ftz Eg;?ﬁr “ﬁgzﬁiow AT gggﬁgs EFFICIENCY
1345 281.1 8531.4 422.6 51.0 5172.6 60,6
1355 - 287.8 - 8734.7 h22,6 5542 5598.6 64,1
1405 2811 85314  422.6  53.2 5395.8  63.2
1415 287.8 B?jb.? h22.6 52.7 5345,0 61.2
1425 284, 5 863446 422,6 534 5416 ,0 62.7
1435 © 267.7 8124.7 422.6 53.0 5375.5 66,2
144y 267.7 8124.7 h22.6 51.5 5223.3 6k.3
1&55 267.7 8124.7. 422,6 5247 5345.,0 ° 65.8
1505 241.0 73144 422.6 49.4 5010.3 68.5
1515 241.0 73144 b22.6 48,4 bol9.5  67.7

TEST DATA REDUCTION (February 17, 1977)

1430 © 280.9 8526.4 hs2,1 kg0 5316.8  62.4
14h5 " - 254,2 77184 452,1 43.5. 4720,0  61.2

- TEST DATA REDUCTION (February 13, 1977)

oﬁlGnﬂhl‘Pﬂiﬂa]S

QF POOR QU

Table 4.2, TESF DATA REUUCTION (February 13 & 17, 1977)
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L.1.3 March Performance Data Analysis
‘The data compiled in March 27, 1977 is presented in Tablei.3and the reduction
of this data shomn in Taﬂle LelheThe testing started with the starting of the
blo#er.motor ét 1230. Two hours of data were collected with the ;varage in-
put temperature at 94.8°F. The intugrated insolation for this period was
14,850 Btu and heat transferred to the air was 8,417.3 for an average effici-
ency of 56.7%. '

wewsly Efficiency Analysis
The above average efficiencies were plotted on Figure &1, Bfficiency As A
: Function of Cperating Conditions.  Data from January 30th was also plotted.
A curve was then drawn for the best fit for the plots of average sfficiencles.
The deviation of the-individual data from the mean efficiencies is also plotied.
This curveAana these plots fit the Revised Englneering Analysis of the Temper-

ature Specification for Air Flat Plate Collector dated May 5, 1977

Lie2  Stagnation Testing
Stagﬁation_testing began on January lst on the SCLXB collector in Test Cell
.No. 3.‘_Dufing Januwary and February, stagngtion testing consisted of blower
off condition with just s£ack ‘air flow in the collector plenum. On March 5th '
a paint peeling appsared in the lower right quadrant of this collector about,
2"x 6" in size. Closer examination of the absorber panel revealed fine, hair
" line cracks in the Solarsorb paint. On the following Saturday a narrow streak

appeared in the upper left quadrant showing more peeling.

h.2.1 Analysis of Peeling Problem
Test reports of sample palnt coupon by NASA found an "a" of 0,92 and an "e"
of 0.83. This indicated the SolarSOrb was applied 2 or 3 times thicker than

the dedired 1 mil thickness. In reviewing the paint method, the manufacturer,

L I1-12



TIME  INSOL.  INPUZ,~  OUTPUT  AMBI3YT AIR FLOW
nv. TEMP °F  TEMP OF TEMP °F  CFM

" 1o 400 '99.0 - 147.6 64,6 127.5
1420 399 98.3 1409 637 127.5
1430 388 97.3 136.4 65.4 127.5

© 1440 380 9642 133.7 65.3 127.5
450 377 9,3 1312 63.7 130.0
1500 365 95.0 136;0. 63.7 130.0
1510 350 9546 127.6  64.7 130,0
1520 330 94,6 127.4 64,5 117.7
1530 315 8k4.6 126.2 64,3 117.7
1540 290 9345 124.9 4.6 117.7
1550 280 92,6 123.2. 64,2 117.7
1600 265 91,k 122,5 63.0 117.7
1610 250 89.5 117.7 6440 111.0

‘Tableh.B,TEST DATA (March 27, 1977)

I1I-13
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TIME I INPUT AIR FLOW AT OUTPUT EFPICIENCY]

Btu/hr-r6f Btu/hr Lb/hr Btu/hr %
1410 267.6 8120.0 4743 48,6 5532.4 68,1
1420 266.8  8100.0  A7h3  h2.6 4849.2 599
. 1430 254, 5 7876.8 474/3 39.1 4450,8  57.6
1840 25M.2  77lb.b PR3 37.5 4268.7 553
1450 252,2 7653.5 483.6 36.9 4282,.8 56,0
1500 24k.2  7409.9  483.6  35.0 uo62.2  54.8
1510 234.2 7105.4  4B3.6 32,0 37400 5243
1520 220.7 6699.3 437.8 32.8 34464 51.5
1530 210.7  6394,8  1437.8 31.6 3320.3 5.9
1540 194,0 5887.3 437.8 31.4 3299.3 56,0
1550 187.3 5684,2 437.8 30.6 3215.2 56,6
1600 177.3 5379.8 437.8 31.1 3267.7 60,7

1610 16712 5075.3  M12.9 28,2 2794,5 55.1

Table 4.4,TEST DATA REDUCTION (March 27, 1977)

IIetb.




2.2

J. Caldwell Sr., gave 2 methods of applying the Solarsorb,

(1) Degrease and etch the panelj then paint with Solarsorb using

' xylene for thinning.
(2) .Dégrease.and add the phoéphoric acid for etehing to the Solarsorb
ﬁaint. ‘

Unfortunately, Quality CGontrol manager selected the second procedurs. The
phosphoric acid in the paint was not atrong encugh to etch but simply used
to 1mpr6v§ adherence. As a result the paint peeled. All Solarscrb Panels
were found to have the same problema Pemling begins after 2 months of stag-

nation conditions (with some stack flow).

Correéting Action
All Solarsorb panels were taken out in late April and the remaining peint re-

moved. A. speclal buffered hydroxide solution has been purchased to properly

etch-the absorber panels. Following etching, the panels are to be cleaned and

washad.fdﬁew instructions from the manufacturer now include a "“wash undercoat
paint® followed in a few days by the Solarsorb coating. The one mil thick-

ness can be estimated by noting when Solarsorb coating changes from brown to

_black as the paint thickness builds up. Stagnation tests were also part of

4.3

the sbsorber paint tests.

Absorber Paint Tests
Comparison tests were performed between the Solarsorb paint # C-1077-3/66
guppliéd by Caldwell Chemical coatings and for the Nextel Velvet coatings

101~C10 supplied by 3M, in order to determine their respective heat absorp-

. tioh‘pfoperties. Temperature measurements were made using a thermocouple

fastened to the back side and directly in the center of each coated absorber
plate. Instantaneous insolation measurements were taken with a pyranometer

at the end of test intervals, A heat absorption index,?%, was developed for

"II-15



each paint under different testing conditions wheref}jé the ratio of the
average absorber plate temperatures to the average insolations for the com-—

bined tests. Thus,

GE IS
T, ave ORIGINAL PA
P
4

I ave

where Ty 1s the plate temperature and the subscript stands for collectors )
1-4. Coileétors 1agd.2 were coated with Nextel and set in series so that
’ air‘flow was from 1 to 2. Similarly, collectors 3 and L4 were coated with

Sola;sorﬁ and set in series such that the air flows from 3 to 4.

Le3,1: Plow Tests .
The paints were first tested with a flow of air behind the absorber panel.
This'experiménb wag carried out over a one week pericd from March 30 to
April 5. Data taken on two different days is displayed in Table 4.5 and is
consldered representative of th; rest of the air flow data. These tests were
'takon in the sequeneé shown by switching the alr flow back and forth between

-seté of collectors of diffarent paint samples at 10 minute intervals. This

accounts for the difference ih insolation measurements. The data in T.able 4.5
.ShOW§'thgt & slight advantage is found with the Solarsorb coating. It is ex-
pected that this adféntage will be futher increased for the new Solarsorb

-éoatedfibsorber blates since a better method of application is being used.

he3.2 'Séagn;tioa Tests
. The second set of tests were performed under stagnation conditions. Approx=-
imately qwo months of stagnation condition (with stack flow) were allowed and
therm;; tests were taken at various times during-this period, Data from two
-repr;sentative days is displayed in Table 4.6, Very little change appeared in
the absorption properties of either paint over this long stagnation period.
The Sdlargﬁrﬁ coated éollgctora were again shown to slightly have better heat

absorption properiies as compared to thé Nextel, though the Solarsorb showed

11-16e



Paint Qemparison Tests with Air Flow

Nextel Solarsorb )

L -y

M7 MOF T,0F I Btuh/tt° Ty T, 1 Btuh/ft%
L 18 w00 2677 | 1219 w97 2611
2, 119.0 10,0 3012 | 121.2 18,0  28L,1
3| 126 L0 2677 | 100 k2 2hibs

he | 123.0 16,0 269,1 | 121.9 143:4 26k
5. | 125.8 11,0 275.8 | 122.3 bt 277.8
Averages| 121.56  1hk.2 276.3 | 1214 145.9  275.8
§i Oulily 0.55 0.4l 0.53
' Nextel Solarsorb
he577 0Ty To I T3, T 1
1. | 119.5 145.1 2811 | 116.0  140.0  267.7
2. | 118.0  144.3 282,5 | 117.0 1417 - 27L.1
3. | 120.6 147.8 281,1 | 118.6  142.5 2711
b | 15 w7 281,1 | 119.5 3.6 2744
5e 120.8 148.2 281.L. | 121.% 145.7 277.8
Fverggég 118.8  146,0 118,6 42,7  270.4
§1 0,42 0,52 {  0.439 0,53
Table 4.5

I11-17



Paint Comparison Tests Under Stagnation

4677
_ NEXTEL SOLARSORB
Data Polnt | 1T, T, T, T, I
" DEG. P DEG. F | DEG.F DEG. F | BTU/hr-ft2

1. 152.4 169.5 .| 158.2 178.,0 | 197.5
2. 169.0 195.0 | 176.1  203.1 | 214.2

3. 185.,2 2204 | 189.8 227.8 | 241.0
he. 19542 20,4 | 2017 247.6 | 261.0
5. 209.3 '256.0 2143 261.5 | 267.7
6. 212.3 267.2 | 216.9 272.3 | 267.7
© 7. 216,2 270 | 221.6 278.4 | 2Tk
8. 211.0 276.2 219.8  280.5 | 27h.4
9. - 213.8 275.4 | 215.7 279.3 | 2m.1
10. 210.6 2721 | 215.6  276.6 | 269.1
Average 198,65 219.3 | 203.6 254.6 | 254.0
. § i" 082 0.981 | 0.802 1,002 | ——

| omens & i
Table 4.6 =
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Paint Comparison Teats Under Stagnation

192277 |
- NEXTEL SOLARSORB .
Data Point T, ' T, T3 T, 1
DEG. F. - DREG. F | DEG. ¥ DEG. F | BTU/hr-ft°
1. 199.7 237.1° | 202.0 240.0 | 267.7
2. 209.8 249.9 | 213.5 252.4 | 267.7
3. 208.8 2550 | 212.0 256.6 | 267.7
be 209.4 25549 210.6  258.4 2641,
5. 210.2 258.0 | 213.4 260.4 | 26k.4
6. 2084 258.6 | 21L.k  260.8 261.0 -
7. 200403 2562 | 205.5 256.1 257_.-7 s
8. 201.6 2541 .| 204.5 255.3 | 254.3
9. 195.0 209.0 | 198.2 250.0 -| 2u7.7
-~ 10. 18979 . 243.2 | 191.0  2B4.2 | 237.6
Average: 201.78 250.3 204.1  252.3 256.16
S, | o.7e8 0.977 | 0797 o0.985 | ——

Table 4.6 b

IT~-19




Lol

signs of cracking and peeling. Corrective-action to the peeling problem

is discussed in section 4.2.2, Since the Solarsorb ccating is estimated

at twice the recommended thickness the Solarsorb may be even more effic-
isnt than the tests indicate, However, the Solarsorb menufacturer recently
reported peeling of their test noIlecto; in Pennsylvphia at —26°F. Since ‘
our Nextel test collsctor has experienced -20°F temperatures without peel-

iné, it is recommended for the Prototype Collectors.

Alr Flow Tests & Analysis

The Solar Gollectors built by Life Science Engineering can be used with air
flow rates in the range of from 50 to 1000 CFM, Expected air flow testing
will range from lOO.to 2,40 CFM, Air flows in this range have been recognized
as be;ng extremely difficult to measure, Two instruments were used to

measure the air flow.

The Dwyer Micro Tector Hook Gage is proven to be an extremely accurate lab-

oratory instrument and was used as a standard for calibration. However, this

- instrument cound not be used in our electronic data collection system to auto-

-ti—- l}.l -

matically measure air flows to three test cells, Also, it was found when
field tested that the Hook Gage was affected by weather conditions such as
exposure to the sun and wind pressure ;ulplastic tﬁbing. The Hook Tage must
be stored inside so the fluid will not freeze, A stabilization period is

required when it is brought outside for testing.

.A Thomas Meter was developed in order to have a system that could be used

in codjunctién with a digital recorder, Modifications to the Thomas Meter were
made and good correspondence was achieved between the measurements of the

two instruments.

ORIGINAL PAGE 18
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A Thomas Meter was originally constructed using two fine copper filaments,
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placed in the air flow path on either side of a nichrome heating filament-
tation. The temperabure rise of the air passing throush the heating fil-
ament ﬁas to be measured by a bridge circuit which detected the change in
the resistance of the copper filament on the downstream sidé of thq heater,

Becauge of instrumentation difficulties, the sensitivity of this method was

low,

The Thomas Meter was then modified by replacing the copper filaments.with
thefhopiles constructed of six couples of copber constantan thermocouple
wire,- Prior to the introduction ;f electrical power to the nichrome heating
filam@nt, fhe_temperature of the air paésing through the meter was measurasd
by ﬁeans of a Doric Trendicator. Power was then applied to the nichrome fil-
ament. The power dissipated in the filsment was measured by a Simpson Model
79 Wat£meter w*th a range of 300 watts, The Doric Trendicator was then used
to, measurP the change in temperature between the two thernopiles. The temp-

erature change is arrived at as follows

Thermopile Reading °F - Initial Temperature °F
AT Across Thermopile = 2 £ P . he2,

Number of Thermocouple Junctions

'Téé;s were run on February 12, 1977 with two different air flows.and various
'incfemepté of power supplied to the heater up to 300 watts. The scatter oﬁ-
‘tained is shown by the points plotted in‘Figure he2., This plot shows that

ghe relationship between AT and power to the heater is essentially-a sﬁraight

" line relationship. The-tabulation of this data is given in Table 4.7.

Air fiow_is then derived from AT and péwer-supplied by the following relation-~

ship:,
‘ : - Power X 3.413 Btuh/Watt
Flow rate, CFM =

AT x Cp x 60 min/hr x density

This may be simplified for the specific conditions of this test to:

’ " 3,823 x Power (Watts)
Flow rate, CFMZ 4.3

AT
I1-21
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The ducting containing the Thomas Meter was then connected to the collector

" system which introducted reatrictions to the air flow on February 17, 1977

and additional tests were conducted, This resulted in a greater temperature
rise for a luwor value of power. The flow rate tabulation 13 shown in Tablea

4.7 and designated as Flow C.

" During testing, variations were found in the power as shown by slow variations

in-the Wattmeter. Control of the inbut power Was_obtained by the addition

of a Variaec,

Ice Bath

The original data showed that small fluctuations of the order of 3 % in AT
cau;ed changes of up tol15 # varlation in the CFM calculatioﬁ. It was decided
that an absolute reference‘jun;tion was needed for measurement of AT. This
wés accomplished by removing the upstream thermopile fram the plenum and place
ing it in an ice bath. The collectors remained connected for the rest of the
flow measurements, On February 20th three tests with the ice bath.wefe'car~
ried out in conjunction with the Hook Gage. The data was taken for 50 watt
ipcrements in the applied power up to a 300 watt maximum value. An air flow
was sclected and two successive tests wers made and compared to the Hook Gage

readings. For the third test the air flow was increased and the test was re-

: peatéd. AT and sir flow rates were calculated using equation 4.2 and 4.3

respectively and ihe results are tabulated in Table L.g. A plot showing the
variation of AT with applied power is illustrated for each test in Figure 4.3.
A straight line rclationship is again obtained, The deviation of AT from the

curve using the ice bath is seen to be condiderably less than the deviation

with ﬁﬁe amblent air reference.

An examination of Figure 4.3 shows a small difference in the slopes of the two

curves fob the first two tests., Part of this is attributed to the change in
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Table 47

Flow A

Flow B

Flow ¢ .

Thomas Meter Flow Tabulations

Watts Degree Differential AT CFM
0 0 — —_
50 3.30 0.55 37

1160 6,00 1.00 382
150 9.60 1.60 358
200 12.30 ° 2,05 372 .
250 16,20 2.70 363
300 18.80 3413 366

' 250 16,00 2,67 353
200 12,80 2.13 358
150 9.90 1.65 347

100, 6.80 1.13 338
0 Oy s

400 10.90 1.82 630

200 770 1.28 597
100 420 0.70 546
150 6,50 1,08 531
100 .60 9.77 496
50 2.80 0.47 506

.200 7.60 1.27 585
250 . 9480 1.63 587
300 11.70 1.95
160 30,60 5.10 75
102 34,40 5,73 68
105 38.20 6.37 63
148 ‘ 39.30 6.55 63
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|_Time _ Power(Vatts) T _ Thomas Meter(CFM)  Hook Gage (CRi)
Test 1. | 1410 0 ' —_ - 120,3
1411 103 313 . 1%
| w2 150 lso 40 130
1413 200 . 5,90 _ 129
um 250 7.55 126
!1'1.-1-5. 300 ‘ 8.90 izg -
1417 250 7.60 125
118 200 6.08 126
1419 200 6.05 126 ‘
1420, 150 . 463 124 16 -
' T Averﬁge 126
Test 2.  [1437 100 315 i
1437 150 4.70 12
w0 150 | 68 122 | '
1442 200 6410 125 | 124
2443 250 7.65 125
1444 300 9.18 125
1445 250 7.83 132 125
1449 150 4,480 120
53 100 313 122
Average 123

Table 4.8 Thomas Meter Performance Data Using Ice Bath
( Continued on following page)
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Time Watts T CFM(Thomas Meter) CFM(Hook Gage)

1510 200 L83 158.2 160,7
Test 3
; 1511 300 733 156.3
1512 300 733 156.3
1514 200 4490 155,9
1515 150 T 3,80 150,8 156.9

Average 155.5

Table 4,8 Thomas Meter Performance Data Using Ice Bath
(Conclusion,of Table 4,8)
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bebiols,

air density due to increases in the inlet air temperature which sauses a

change in the flow rate.

Variation in the air flow rate for each test are within$3% of the mean.
The comparison betwesn the Thomas Meter and the Hook Gage in each of the
three tests exhibitad an average of 3 4 difference which is considered sat-

iafactory.

Testing Difficulties

When subsequent testing with other collectors was made in March it was found
that the above results were not reproducible. The respnonse of the Hook Gage

and thenmobiles was not linea} with linear changes in the air flow rates.

This was attributed in part to air leaks in the plenum caused by changing
collectors. These were repaired and a bet ter response was obaerved, though

it was not'ss good as previcusly. The reason for this poor agreemeni of re-
sults_nés di;covered vhen 1t was noticed that tests run with a single thermo-
couple in place of the th;}mépile diasplayed good camparison with the Hook Gage.
This led to the disco@ery of a malfunction in one Qf the couples of the thermo-
pile, Correction of this couple resulted in again obtaining reliable data,

;é was fcung that a small error was stillbeing introduced into the system
bepauée of a temperature stratification in the ice bath. It became necessary

to either agitate the ice bath vessel regularly or place another reference thevm—

opile in the ice bath.and take temperature readings at each data point.

Thermocouéle versus Thermopils Testing

Aﬁditipnal testing was performed with the Thomas Mster. Comparisén tests be-
tween a'éfngle thermocouple and the Hook Gage, and between the thermocouple
and tﬁé six couple thefmopile. Puring these tests the air flow rates wsre
varied fbom 80 to 180 CFM and the power ranged betwsen 100 to 200 watts to
determine :i.f there exists moptimm air-flow regime for the Thomas Meter test-

ing. It was found.that good correspondence between Thoas Meter and Hook Gage
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Ww 1 (E'ﬁa) Flow 2 (CFM)  Flow 1
Watts Thermocouple Thermopile Flow 2
steady . 100 159 155 0.97
steady 100 159 154 97
decrease 100 116 117 1.0
steady 100 16 117 1,01
decre-ase 106 20 83 1.02
steady 100 80 82 1.03
inc;'easo 100 106 ' 108 1.01
steady 100 109 106 97
increase 150 Y 149 1.01
steady 150 147 149 1.01
steady 150 © 14T 152 1,03

Table 49, Flow Measurements Using Thermocouple Versus & Couple Thermopile
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Blower Power Flow 1 (CFM) Flow 3 (CRAD) Flow 1

RPM _Matts Thermocouple Hook Gage Flow 3
increasing 98 76 73 1,04
incéeasing ‘98 . 105 102 1,03
inereasing 98 121 122 .99
increasing 98 129 131 .98
inereasing 98 161 157 1,02

‘decreaéing 150 148 161 .92
decreasing 150 1% : 140 .98
‘ decrgéaing- 150 108 S 127 C .85
decreasing 150 99 - 108 91
decreasing 150 85 99 L6
increasing 200 103 : : 116 87
increasing 200 113 o .86
increasing 200 127 145 .88
incrsaaing 200 152 159 .96
decreasing 150 135 : 147 W91
decreasing 150 128 ' T 142 .90
decreasing 155 113 126 89
decreasing 155 51 . om 81
steady 162 109" 116 Sk
steady ) 150 104 . 122 85
steady 200 100 122 .84

Table f,10 Air Flow Measurements Using Thermocouple Versus
' Dwyer Micro Tector Hook Gege. (April 22, 1977)

ORIGINAL PAGE IS
OF POOR QUALITY]
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reading was found over the whole range of air flows, The six couple thermo-
plle proved to be only slightly better for measuring air flows than the therm-

ocouple. The results of these tests are shown in Table 4.9 and 4.10 .
bel General Description of Work Accbmplished Durigg the Quarter

Le5.1 Pebruary

Test Collactor

Four SC22X48 Test Collectors'! plenum chambers were reworked to the PDR base-
line specification. A 1/32 " teflon strip was placed between the absorber
‘pariel and the U Channel, This was developed to improve motion due to expan-
sion of the absorber panel, The absorber panel was provided with elonéated
holes for rivets, ;n£ercopnecting units were developed for these SC22Xi8

‘panels., Transmlssivity data was taken on the collector glazings.

Tesf Fécilitx

‘Test Cell No. 2 was.modified for installation of the four SC22Xi8 test cole
lectora, An alr flow director was installed to direct alr from one set of

vertlesl panels to the other,

The Test Station was developed on the east wall of the Test Fﬁcility. A Dorie
T?enﬁicator, Wht€meter, 9olar Pyranometer and Variac were installed., Six ad-
ditionél thermocouples were added to the SCLX8 pregsure test units to monitor
input/output temperaéurea. Eight thermocouples were added to Test Cell No. 2

for input/output temperature monitoring,

Data Collection Systsm

. Several data loggers and mini computers were investigated. Two data loggers
ware folloied‘dp. It was tentastively decided a mini computer would hot be

essential to the program,

Test Data

Due to poor weather only a few days of data were taken after side insulation
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was installed on the SC4X8 collector.

The Thomas Meter copper wire sensing elements were replaced with a thermo-
pile as the copper wire did not have the required sensitivity. Initial com~
parative tests between the Thomas Meter and the Dwyer Micro Tector Hook Gage

ﬁere,in good agresment.

4.5.,2 March

Teat Collectors

Prior to installing the four SC22X48 test collectors, two thermocounles had
to be replaced. They were fixed with epoxy and then covered with RTV. Pres-
sure test units were fabricated and installed above and below the other two

sets of eollectors,

Teat Pacility

Test Cell No. 2 Thomas Meter outlet.ducting was reworked for alternate egual

flow to the two sets‘of collectors.

SC4X8 Test Data
Test daga was obtained on the SC4X8 collector through March 27th. The collec-

tor was in stagnation testing (with stack flow)from installation. On March 5th
a 2"X4M - peeling spot appeared., On closer examination, there were also halr
line cracks which the Solarsorb manufacturer indicated was due to over spray-

ing.

Performance test data was taken on several days at 70°F inlet temperature.

On March 27th, a 95°F average-inlet temperature was used,

5C22XL8 Collectors
The four 5C22X48 test collectors were in stagnation testing since early March.
Preliminary data indicated little temperature difference bstween the Solarsorb

"and Nextel paints.
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Data Collection System

‘A letter was sent to the Technical Manager reguesting concurrence to purchase

a Doric Digitrend 220 data logger., Concurrence was given by the Technical

Manager in a tel&on.

The Life Sciences Engineering staff decided a mini computer was not necessary

at this time,

Sgacigigation Review
The thermal specification for 130°F (for an inlet of 70°F) and 180°F (for an
inlet of 140°F) was analyzed because performance data was not meeting spec-
ification‘data. It was found tﬁap the 130°F/180°F specifications were devel-
oped for the original 4' x 10! goilector. An Engineering'ﬁnalysig of the Ther~
mal hampeﬁatura Specification used theoretical tqbles and curves Fo indicate

: what'céuld be expectad for specific flow rates.. A recommendation was made to .

change the specification air outlet temperatures to 120°F &1\72‘°F,

Le5.3 April

Sé22Xh8 Test Collectors

After two months of 5}agnéti;n testing, mainly with stack flow, both Solarsorb
coath& absorber panels showed a few peeling spots. Fﬁrther discussions with
the Sélafaorﬁ manufact;rer indicate that putting phosphoric acid in the Solar-
sorb paint Was insufficient to properly etch these psnels., Late in April, the
panels were removed and dismantled., The Solarsorb paint was removed with paint

remover and the panels were reworked,

Total ét;gnation testiﬁg'was performed om two days about a week apart. This

test was combined with absorber paint testing., The redults of the stagnation

tests indicate that thg.Solaésorb had slight}y better thersal absorption properties,
The Nextel paint withstood the severe conditions without noticsable change while

the Solarsorb paint showed peeling, However, the absorber panels were not etched
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for the Solarsorb so that the tests were not considered fair to Solarsorb

and will be resumed in May.

§§g§8 Test Collector

After March 27th, testing on the SGLX8 Test Collector was halted due to the
continued peeling of the paimt. The collector will be reworked as soon as
the Sunadex glass 1s delivered.

Test Facility
Muring testing of tha SC4X8 and SCR2X48 panels, dlscrepancies in air flow were
found. Considerable work was done in locating the leaks and caulking and foam-

" 1ng these areas,

The Thomas Meter was tested under a series of air flows for differént applied
p&wer to the heater filament, The data indicates tkat ~the meter is
not dependent on a particqlar heater wattage and the data is repeatfble with-

in limits of the thermocouples and the Doric Trendicator.,

New SCLX8 Test Collector

A new SCLXB Test Collector has been fabricated to baseline specifications and
to preﬁare the manufacturing drawings. This ;ollector has a center crossbrace
< for two L' x 4' Sunadex glass glazings. The absorber panel was designed to
float within ?he collector to prevent stresses, This new design was based on
our-etress analysis entitled, Absorber Paneling Stiffening and Attachment to
Prane C;ncluéions and Glass Stress Conclusions, A crossbrace located in the
center of the collector not ;nly supports two giass shgets, but aslso supports
the ébﬁérbor paﬁel and the slde frame, The absorber panel is ohly attached to
bhe,crqssbrace to provide for its expansibn and contraction. It is often re-

ferred to as a floating absorber panel,
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Forcast of Activities to Compleste Tasks

The following activities are forcast for the month of May which are required
for the Prototype Design Raview, ‘

Glazing tests will be cﬁmpletéd in May with Sunadex élass compared with regular
glass ia2 sets of SC22X4B cgllectora all with Nextel painted absorber panels,
The second SC4X8 Test Collector fabrication will be completed in ¥ay to base-
line gpecifications and thermal anaiysis requirements. This test collactor
will‘bo used to couplete manufacturing drawings and procedure by mid-iay.

This will be the first unit to hLave tle center crossbrace, Testing of this

-unit will begin late in May.

Le6s3
k6.4

Le6.5
hobeb

L.6.7

h.6.8

hoT7
ka7’

4l.7.2

Installation drawings will bas developed using two spare test collectors during
Hay.

The data collection system delivery is expected in May. It will be installed
checked out and used for data collection by June,

The Installation, Operation and Maintence Manual will be complated in May.

The Certification Plan willbe based on the Verification Plan, Spepific QJual
Unit testing has been prepared for incorporaticn into the_Certification Plan.
The Spare Parts List and function description of the SCLX8 collector will be
cempleted for the Prototype Design Review,

Review the Revised Engineering Analysis of the Temperature Specification,
in Huntsville May 24°P,

Identification of the Major problem Areas,

Shipping of components and materials has been a continuing problem. ¥Tne
Sgnadex glass took 1} months. Extrusions may take four weeks,

Approval is requested to order the Sunadex glass and end section extrusion

as soon as possible as consistant with the Prototype Design Review procedures,
The Solarsorb paint peeling was primarily due to poor directions from the

manufacturer for absorber panel preperation. A complete procedure has been
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prepared to properly cleaﬁ, etch,and desmut each absorbsr panel prior to

paintifig, The entire procedure will be tested by mid-May.

18
05 POOR. QUALIEY

I1-36



THIRD'QUARTERLY REPORT .
AIR FLAT FLATE COLLECTCR
TO
NATIONAL AERONAUTICS & éPACE ADMINISTRATIOR
NAS8-32261

JULY 31, 1977

Life Sciences Engineering
Rt., 1, Box 746
Morrison, Colorado  B0kés

ITI



TAELE OF CCNTENTS

Paragraph

.Part I.SUMNARY

.- 1. Introduction

2., Summary
2.1 Contract

. 3. Schedule

L, Technieal Performance

"Part I1 CONTRACT

2. Changes Requested

2.1 Engineering Change Proposal
2.2 Prototype Design Review

Part III SCHEDULE

9. Schedule
3.1 Yerification Plan Test Program
3,2 Development Plan

Part IV TECHNICAL PERFORMANCE

Fig
Fig

Tab,

Tab

Tab,

Tab

. Tab.

L, Data
4.1 Data Analysis
L,2 Glazings Tests
.3 Back Panel Coating Tests
I Heat Transfer between Absorber FPanel & Stiffeners
. General Description of Work Accomplished in Quarter
3 July
Forecast of Activities
Ma jor Problem Areas

L
b L
4.5
M'S-
h,5.2 June
L,s,
I, 6
b7

TABLE OF TABLES AND FIGURES

, 3=1 Veérification Plan Testing

. 3=2 Development Plan

L1 Sunadex Glazing Stagnation Data

. 4-2 Sunadex Glazing Performance Test

-3 Coated Versus Uncoated Back Panel Data (Stagnation)}
. L.l Coated Versus Uncoated Back Panels With Air Flow
L-5 Heat Transfer Testing Between Absorber & Stiffeners

IIT-1

ORIGINAL PAGE

Page
IIi—l
ITI-1
III-1
II1-1

ITI-]
I11-1

1T1I-3
III~3

I11-3
11I-3

TII-4
III~4
[1I-4
III~4

111~7

CIII-7

III-7
I1I=-7

II1-5

III-11
IIT-14
I1I-1k
I1I-16
111-17
ITI-19
III-19

I1I-5
111-6
III-%
I11-10
ITl~12
ITI=-13
ITI-15

It

OF POOR QUALITY



2.10

4.2,

Part I Summary

Introduction ‘

This third quarter was the Firal Developmental Phase of the
Alr Flat Plate Collectoer énd Manufacturing preparationg which
are described in the subsequent parté of this report,

Summary

Contract

An Engineering change proposal was sulmtied and approved for
changing the air outlet temperature specifications.

Schedule

A p}oposed‘schédule for manufacturing was given along with com~

pletion dates.
Technical Performance

Data Analysis
Glazing performance data was collected, reduced and analyzed

and the resulis were tabulated,

Glazing Tests

Stagnation and Performance Testing was performed on the Sunadex

glazing and compared to normal glass.
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4,3,

LP."".

ho5.

b6,

k.7,

Back Panel Testing
Stagriation and Performance Testing was ﬁerforméd on bare

panels and compared to back panels with flat black coatings.

Heat Tyansfgr Testing.

-Preliminary Testing.was performed on the SC4XB absorber panel

to deterimine the heat transfer properties between the absorber

and.U—chapnel stiffeners.

Description of Activities

A.description of -monthly activities was provided.

Forecast of Activities to Complete Tasks

A Forecast of Activities required to complete manufacturing of

the first sleven SC4X8B collectors were provided and an approx-

imate completion date was given.

Major Problem Area

Shipping delays were discussed and expected arrival times were

.glven, This also required changes to the production schedule.

B
pGE
N
o foom A
5 B
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2.2

PART II CONTRACT
Changes Requested
Enginee;ing Change Proposal
An Enginéering Change Proposal titled,"Heating Capacity Air Exit
Temperatures," Program Control-Nﬁmber.AH-ooz?h was submitted on

May 13, 1977. The ECP was approved by CCBD 301-77-014k4 as stated

-in Amendment/Modification No. 4, This ECP changed the Subsystem

Pérformance output: from 130°F to 120°F far a 70°F inlet air temp-

erature, and from 180°F to 1?2°F output for a 140°F inlet air temp-

_erature, The graph of Efficiency as a Function of Operating Con-

ditibné.was changed to include the above performance changes,

Prototype Design Review.
The Prototypé Desigh Review corrected 13 Review Item Discfepancies.
On Jurie 24th, the Technical Manager closed all RIDs and directed

Life Sciences Engineering to proceed with fabrication of the Proto-

type Collectors.

ORIGINAL PAGE I8
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PART III SCHEDULE
3« Schedule
4,1 Vérification Plan Test Program
Thg'Vefification Plan Test Program was revised as shown in Figure
‘3%;; Thg_d;azings Tests and Combined-doatings/ﬁlazings Tests occur-
red iﬁ late May and June, Additional stagnation tests were added in
June with the Combined Coatings/Glazings Tests, The Environmental
Tests and Structural Analysis/Testing were transferred as part of
the Certification Tests to August. This was neecessary as materials
Tor the Qua}ification Unit and Prototype Collectors could not be
ordered until the end of June, An additional Punctional Performance

Test was included as it was part of the Certification Test,

. Acceptance Tests for the first three (FACI) Prototype Collectors
was: proposed for mid-Septembér. Acceptance Tests for the remaining

~ 7 Prbtotypé‘Coliectors‘was proposed for mid-October,

3.2 Development Plan
:Tﬁe-Development Plan, Figure 3-2, was simplified by listing all
l.Quafterly Reviews on one line. The Fird% Article Review was proposed
for mid-September. Hardware delivery for the first 3 Prototype Col-
' iecﬁors was rescheduled for late September, The‘Prototype Review

was complgtgdron gune 24th,
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PART IV TECHNICAL PERFORMANCE
Data
Testing began in this Quarter with the glazing tests for Sunadex
glass ag May 22, These tests continued into June., In July tests
were made to determine 1f there was an advantage or disadvantage
in painéing the inside portion of the back panel. Preliminary
tests were also made in July to determine if there was good heat
transfer between the 4%x8' absorber panel and the U channel stif-

feners riveted to the back of the absorber,

Daté Ana}ysis ‘

Data taken- during the'glazing stagnation tests was recorded with
the Doric Trendicator. In early June the Digitrend Data Logger
wés‘installed and checked. out and all subsequent data was recorded

with this instrument where possible. The Doric Trendicator was

“used in ‘the heat transfer tests with 4'x8' absorber panel and is

presently being used to monitor outgasing tests made with an 18"x1i8*

small test fixture. Insolation testing through the middle of July
was taken with the new Rho Sigma Pyranometer. The subsequent de-
gradation of two Rho Sigmas prompted Life Sciences to order the
Epply‘PSP Spectral Pyranometer which was delivered after mid-July,
Air flow testing was made with the Thomas Meter and-checked per-

iodically with the Dwyer Micro Tector Hook Gage.

Glazing Tes?s

Stagnation and performance testing began on May 22nd right after

‘the Sunadex glazing arrived. The first results were considered

unsatisfactory due to the partial failure of the Rho Sigma Pyrano-

meter, Upon replacing the Rho Sigma good results followed.
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4.2.1

4.3

" verify this initial data, in September and October.

'Back Panel Coating tests

Stagnation Testing
On May 27th stagnation testing occurred. The East cell at the

test facility was composed of two series 22"x48" Test Collectors
éach having aSuradex glazing. The West cell was identical except
the glazing Qas of plain glass, The day was clear and wind speed
was considered negligible., Readings were taken at 15 minute inter-
Qals. The results are recorded in Table 4~1, These results show
that during stagnation the lower coilector in the East cell utiliz-
ing the sundex glazing was consistently 2% hotter than the normal
glazing; The upper collector of the Eagst cell held a consistent 6°
advantage over the plain glass cell,

Performance Testing

Testing was halted the first week of June until the Digitrend Data
Logger was installed, and checked out, Several days of glazing
tests followed with the blower on. Representative data was taken
on June lhkth. The day was clear with a negligible wind factor, A
few cloﬁds formed in the late afternoon giving variations in the -

insolation readings. The results are recorded in Table 4-2, Air

flow in each cell was monitored separately and stayed consistently

within 2-or 3% of each other as the blower RPM'S were varied, The
efficiency calculations show an enhancement in the BTU output for
the Sundex glazing of from 10 to 18% over that of normal glass de-
pending on the volume of air flow. PFurther testing is planned to

ORIGINAL * v yry

Testing resumed quly 20th, The East and West test cells were suvplied
with identically constructed test collectors, each having Sundex

glazings. The only difference in the collectors wag that the inside

III-8



SUNADEX GLAZING STAGNATION DATA #

Sunadex . Normal
- Ambient Lower Upper Lower Upper
Insolation Temperature Collectors GCollectors Collgctors Collectors

. OF Op °F F o
266 72 223 24,3 220 236
a8 72 229 251 227 244
254 7k 234 . 256 232 250
255 75 o237 261 236 254
57 76 222 266 240 259
261 7 24,5 269 243 - 263
261 77 246 271 245 265
257 i 66 273 215 265
257 . 18 21,5 272 21l 265
5, 243 270 243 264
250 80 2,2 269 | 241 263
216 79 239 266 238 260
‘2h3 79 235 . 262 235 257
555 : 80 ‘ o231 257 T230 252

228 - 225 252 225 217

* Data was taken at 15 minute intervals

Table 4=1 (May 27, 1977)
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0T~I11.

SUNADEX GLAZING PERFORMANCE TEST =+

Sunadex glass ' Normal glass
Inlet Outlet Inlet Outlet
Insolation Ambient . Temperature Temperature CFM Efficiency Temperature Temperaturg CFM Efficiency

265 ag L 95 145 57 7L oL 134 54 54
267 89 96 148 57 73 95 136 54 56
266 '89 . 97 150 53 69 g6 139 51 53
266 . 90 98 151 53 70 97 140 51 1
265 90 99 152 53 71 98 141 50 53
266 91 100 153 56 73 99 . 141 52 54
262 90 101 153 Sk 71 100 TS X 52 5h
261 92 102 153 55 71 101 141 52 54
258 92 103 153 55 7< 102 141 52 23
252 92 103; , 152 55 69 102 140 52 52
232 94 103 15C 55 7h o102 139 52 54

2%

X

% g #* Data was taken at 15 minute iatervals

&z

mavle 4~2 (June 14, 1977)



403.1

4,3,2

" of the East collectors had a flat black coating and the West. cell

collectors had bare aluminum back panels.

Stégnation Testing

The testing results taken on July 20th are tabulated in Table 4.3

.and .show that no consistent advantage 1s given to either test cell

and that in most cases the results are nearly identical.

Performance Testing

; Air flow testing began July 27th and results are tabulated in Table

u-a. The eff1c1ency calculations again show that no significant

éBVantage exists for the coated back panel, but the sky had been

" partly cloudy to.overcast since testing began so that additional

b b

“testing is required.

Heat Transfer Between Absorber Panel and Stiffeners
Concern .has been raised over the heat itransfer between the absorber

panel and the U-channel stiffeners riveted to the back of the

"absorber so that for cases of thermal shock to the collector, the

-absorber panel would have room to expand without buckling. A worst

case condition was investigated in which the collector was assumed
below zero at night and an early morning sun wasg suddenly eprsed to
the collector,.. Heat transfer between the absorber and U-channel was

aésymed to be poor gnd a possible temperature difference of 1200F

"wgs drrived at, On the basis of this, a 1/4"x5/32" obround rivet

hole was affived at, giving the length of the absorber sheet 1/8* on
each end to expand ﬁithout bukling, ~:. . . ..

JPreliminarﬁ testing was performed without air flow on the Manufactur-

ing Mock-up test collector. The absorber panel temperature was
monitored in the posipion';equired by the specifications. One U-

channel-temperature'was monitored directly on the énd rivet nearest

IIr=-11



COATED VERSUS UNCOATED BACK PANEL DATA
UNDER STAGNATION *

Uncoated Coated
'Insoia‘tiotli** Top T.C. Center T,C. Side T.C. Top T.C. Center T.C. Side T.C.

of OF op oF op O

270 251, 247 243 251 246 202
272 - 260 253 218 258 252 2149
273 ' 264, 256 251 262 256 254
280 . 270 262 257 270 264 262
T2 273 261, 259 273 266 266
277 274 265 259 274 267 267
275 271 263 256 272 265 266
275 252 245 236 252 246 246
275 261, 254 248 263 256 258
271 262 252 245 261 253 256
268 ‘ 258 251 242 258 250 254
265 253 248 237 254 246 250
257 21,8 241 232 248 241 245
250 ' 240 232 22 240 233 237

¥ Data was taken at 15 minute intervals.

# # Regults tabulated on the upper collectors of
each cell,

Table 4-3 (July 20, 1977)
II1-12
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UNCOATED o  COATED

INSOLATION A R . CPM T
208 | L8 EET R : Cus 'f"_lﬁ
éBl A 8 e N SUEP 20
2 . s 26 - 27 w2 30
254 45 26 - B 42 30
a5 sz 25 37 ' 48 - 28

- 258 .52 24 29 : 48 -
279 52 30 % B I
%3 50 31 43 55 30
277 60 30 10 | 55 33
250 L 29 30 | K0 28

a5 Lk 30 33 W3
.Ei%%
8
Ep

Table L=l COATED VERSUS UNCOATED BASK PANILS WITH AIR FLOW (Jaly 27,1977




k,5

the top of the absorber. On the opposite U-channel, a thermocouple
was Placed between the top two rivets. The sheet was allowed to

come to equilibrium indoofs and then taken outside and set perpen-
dicular to bright sunshine. Temperature increases were monitored

by the,Doric Trendicator at one minute intervals., The results are
displayed in Table 4-5, Note that the temperature lag of the U-chan-
nel hits its peak in 2 to 3 minutes and that the rates of temperature
increage thereafter, are approximately the same for the absorber pan-
el and the U-channel until equilibrium ls approached when the U-chan-
nel temperature approachea that of the absorber panel. Visual in-
spection of the absorber during the test found no buckling. This
indicated that heat transfer was much better than previously belie-
ved and the existing 1/4"x5/16" obrounq rivet holes were more than

adequate for any conditions of thermal shock found in the United States.

General Description of Work Accomplished during the Quarier

May

Test Collectors

?wo SCZZK#S.Test Collectors were reworked for the Glazing Tests by
replacing the plain glass with Sunadex glass. Initial data was taken
on May 22nd, which compared the Sunadex performance against plain
glagg pérformance.

Data C?ilection System

fhe wind direction-and speed instrument was received and installed on
May Z?th The Dlgltrend Data Logger arrived on May 3lst and was in-
stalled durlng the first week in June,

Design Changes

A Revised Engineering Analysis of the Temperature Specification for

the Air Flat Plate Collector was prepared and became the basis for

the Engineering Change Proposal described in Section II.
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HEAT TRANSFER TESTING BETWFEN ABSOHRBTR AND STIFFENERS

U Channel g Channel

. . ‘ g . : on betwesn
\:T§mex Top T.C. Center T.C. Bottom T.C. Side T.C. Rivets Rivets
% 1300 90 90 - 90 90 9 . . 92

#1305 99 101 100 0 - 97 97

1306 113 12 113 114 104 102

1307 118 118 17 . 119 108 © 109
1308 126 127 129 . 126 116 114
1309 130 132 130 133 21 115
1310 - 132 133 132 134 TN 118
1311 133 135 133 136 iza 118
i313 135 137 134 140 125 124
1315 10 139 138 141 - 126 ‘izé
17 1 14 11 45 128 130
131y 147 145 145 150 130 133
##41330 161 159 158 161 149 18
W00 1260 158 158 158 150 148
#* Equilibrium reached indoors
%* Sudden exposure to sdnlight;(no glazing)
wRE Equiiibrium |
55
xﬁﬁﬁﬂﬂ5§:2g§§ﬂ¥5%
o 2P

Table 4-+5 (July 26, 1977)
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Quarteriy Report

The Second Quarterly Report for the second 3 month period was sub-
mitted. This report contained all of the test data except the May
22nd. Glazings Test. )

Technical Conference

A technical conference was held on May 24th. The‘804X8 drawings

" were reviewed and additional drawings were requested. A number of
recoﬁméhdgfions and suggestions were made. The thermal analysis was
réviewed.’_AdditionalAreports submitted included: Installation, Oper~

ations and Maintenance Manual, Spare Parts List, Funé¢tional Descrip-

tion and the Certification Plan,

June

Test Collectors

Addifiqﬂél Glazingé Tests were performed on the SC22X48 Test Collect-
ors. The Sunadex glazing yielded efficliencies up to 20% higher than
the. normal. glass during air flow tests.

Test Facility

The Digitfenﬁ Data Logger was installed and checked out during the
firét week in June. A tachometer was attached to the blower motor to
monitor RPM's,

A félse celling was instalied in the test facility to serve as a com~
mon ducting to return collector heated air to the blower motor to
provide for higher input air temperatures from 1209 to 140°F., &
‘mbnitor Qas placed on the line voltage to measure its variations, Dry
and wet. bulb thermocouples were installed in the duct and test facility
for measu;iﬁg relative humidity at each loecation,

: The'dgté:Syst;m'is now monitorings humidity, ambient air temperature,

wind direction and velocity, solar radiation, input line voltage,

¥
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absorber.panel temperatures, input-output air temperatures, blower
RPM's and Thomas Meter air flow data.

Prototype Design Review Summary

Thirteen Review Item Discrepancies (7LS5 tﬁrough 7LS17) were received
during the first week of June and responses were completed by the end
of the following week, All RID's were closed on June 24th. and Life
Sciences Engineering was directed to proceed with the fabrication of
the Prototype Collectors. A number of changes were made in the cel-
lector ﬁesign by thé RID's and drawings were changed accordingly.
Manufacturing Pfeparation

Orders were placed for the special extrusions and the Sunadex glass
in late June. A 5 ton punch press was obtained, Four miter vises
were .obtained to hold the aluminum outer glazing H-bar frame during
Its fabrication and for Tedlar installation. Tanks for etching and
cleaning were obtained and ineulated. A heating system was developed
to hold the solutions at the proper operating temperatures.

Negotiations were completed for the manufacturing facility which has

1800 square feet of work area. A test fixture, 18"x18" was construc-

ted to test the outgasing properties of certain adhesives and silicone
rubber strips used in the SC4X8 Prototype Collectors,

Certification Document

A Certification Document was started in June to accompany the Certif-

ication Plan, It will contain data and signature pages for each item

in the Certification Plan, ORIGIMAL PAGE IS

.- OF POOR QUALITY
July

Manufacturing Preparation
The stching and cleaning tanks were completed in early July and four
22"x48" panels and one 4'xB' panel were successfully etched and pain-

ted. Safety procedures were added to the existing specification.

II1-17



A competent welder was found who will -make the welds for the col-
lector frame, A welding Jjig was designed to hold the frame while

it is being welded.

In assembling the manufacturing mock-up collector, a number of pro-
cedure chanres were made, The absorber panel and stiffeners will

be riveted together prior to painting. The rivet back-up plate or
washer will be installed with the rounded side down and temporarily
shiﬁmed with a2 001 shim during installation, This shim will also
be used to provide spacing between the 5/8"x5/8"x1/8" U-channel and
the absorper panel to provide for the floating motion of the absorber
panel.- ‘ '

In ordefing the aluminum, companies were not able to supply the 4'x8’'
.aluminum shget ,032 thickness in the 3003-H34 specification but were
able to supply it in the 5005-H34 specification, No significant
changes are expected from this substitutlon,

The 18"x18" test fixture was mounted en the manufacturing facility
roof and, cbnnected to the Doric Trendicator., Outgasing tests of the

silicone RTV 732 will be performed during the first week in August,

Manufacturing Raeility Preparation

Manufacturiﬁg equipnent was transferred to the Manufacturing Facility
on Juiy 9th, ;ightingl coolers and fans were installed for better
wofkihg conditions. Working tables were constructed for assembling
fhe_dollectqrs,_the punch press and power saws, A heater control
'pgne;;ydg;designed. developed and installed to supply electrical
power mbfthé-e£ching and cléaning tanks' heaters. Storage racks
and_she;vés were made to hold the raw materials and supplies for

assembling the collectors.

II1-18



L,6 Forecast of Activities
The following sctivities were forecast for the month of August
which are primarily required for completion of the Certification
Test, |

4.6.1 The Manufacturing Mock-up will be completed and templates devel-

h oped frpm the mock~up for mass producing subséquent collectors.

4,6,2 The Qualification Unit will be fabricated upon completion of the
templates, -

L,6.3 The Certification Testing will proceed from Performence Testing
through structural testing, An Architectural Engineer will review
drawings in support of the Certification Agency.

L,6.4 The Design Brochuré will be completed by the end of August,

b,6,5 Components for the first three Prototype Collectors will be made
'in August, Assembly of the components is planned for the first
week in September, FACI 1s proposed for September 15th,

"&,7- MaJor Problem Areas

Ordérs were placed for all components during the last week in June

'and first week in July. Several companies had back logs of orders

resulting in shipping delays that subsequently delayed the proposed

fabrication of the deliverable Prototype Collectors, The Certif-
ication Test is now .scheduled for the last week in August. Delayed

‘materials included the Sunadex glass and-the plastic U=channel,

Most of the materials were availablefor going ahead with fabri-

cation of the Manufacturing Mock-up and the Qualifacation ﬁnit.

Fabrication of the Qualification Unit is expected to be completed

by mid-August,

The Ngtiqnal Aeronautics and Space Administration research studies

on Tedlar are needed to mupport the Certification Test,
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2,1,

22,

2‘3-

3.

L,

PART I SUMMARY

Introdustion

During the Fourth Quarter; the Manufasturing Mockup, Qual Unit and ten
Pi'otot,ype Solar II Collectors ware fai)ricated and tested as described

in subsequent parts of this report.
Summary

Contract .

The Certification Test was completed and monitored by the Certification

Agent on both Performance and Structural Tests.

Mrst Article Configuration Inspection and Acceptance Teat I
The First Article Configuration Inapection for serial number L3E4x8-00-002

and 603 were completed on Oetober 6th,

Acceptapce Test 11

Accaptance Test II was completed on November 4th for serial numberé

LSE4x8-00-004 through =010,

Scheduls

The Schedule in Part IIT reflects the actual schedule for the completion

of the contract,

Technical Performance .

hil. “Data

Extensive Data was obtained on the Mockup Unlt, the Qual Unit and the first
3 P}oyokype Collectors during this ‘quarter. While the @eta indicated

performince was above the Spacification Curve, stray nolse made the eoff-

deciencies excessively high,

-1



L,2, Certification Structural Testing
All strmctural tests in the Certification Test Plan were satisfactorily

conpiakead,

4.3, Teat Facility
The stray tioise problem was found to be a grounding/shielding problem..
in the Thomas Meter whichlﬁ;s corrected, -Glazing tests which were or-
iginally performed in July were repeated to compare the efficiences

of Sunadex versus plain. glass as an inmer glazing.

Lol General Description of Worx Accomplishad
4 genmeral description of the work was provided for each month of the

Quarter,
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PART. II CONTRACT

Changes Requested

No requests for changes were submltted during this guarter.
Certification Test

The Certificatlon Test for the Qualification Unit was begun
Septewber 3rd, with Performance Tests and completed on September
30th. with Structural Tests. A sunmary is provided in the Tech-
nical Performance Section.

First Article Configuration Inspection and Acceptance Test 1

The First Article Configuration Inspectlon was held on October
6th, This inspection included a review of the Certification Test
Heport, the FACI.for serial number LSE4X8-00-001,. and Acceptance
Test Reviews of Solar II Collectors, sérial numbers LSE4X8-00-002
and LSE4X8-00-003., These collectofs were shipped on October 3lst,
Acceptance Test II

A second Acceptance Tgst was held on November 4th. for the remain-
ing 7 Solar II Collectors, . serial numbers LSE4X8-00-004 through
LSE4X8-00-010, Upon completion of the Acceptance Test, the Solar

II Collectors were boxed and shipped on November 7th,



3.

.1

3.2

PART 1YY SCHEDULE
Schedule
Verification Plan Test Program
The Verification Plan Test Program was revisad to reflect the actual testing as
gshown in Figure 3=, The Certification Test began with Parformance Tasts on
September 3rd and Structural Tests were run on September 28th, Additional Per-
formance Tests were run between September lith and November ith to leocate an
intermittant noise problem that appeared during high tempersture testing. Per-
formance Tests run om November 3rd. and Ath, verified an intermittant thermo-
couple problem had heen corrected. A Verification Test Summary was prepared for

the FACI %0 indicate the status of the Test Program prior to Certification Test.

Acceptance Tests for the first thres Prototype Collectors occurred during FACT
on October 6th, Acceptance Tast for the remaining seven Prototype Collectors

was completed on November Lth.

Development Plan
The Development Plan shows the final planned wersus actual milestones in Figure
3-2. The first three Prototype Collectors were shipped on October 31lst., and

the remaining seven Prototype Collectors were shipped on November 7th,

ORIGINAL PAGE.f'fS
OF POOR QUALITY
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ACTIVITY DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT WOV

§=AI

DEVELOPMENT TESTS

Air Flow Tests.

Pleﬁum Spacing Teats

Air Temperature Output Tests
Basic Gollector Efficiency Data
QUALIFICATION TESTS

Absorber Coating Tests
Glazing Tests
Combined Coatings/Glazings Tests

Stagnation Tests

Environmental Tests (Cert, Test)

Structural Tests (Cert. Tast)

Punctional Performance Tasts (Cert. Test) o
25

ACCEPTANCE TESTS | .d'c‘.%

FACI (3 Units) %g

Final Acceptance (7 Units)

Planned

Actual

Figure 3-1, VERIFICATION PLAN TESTING
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MILESTONES

ROV DEC JAN FEB MAR  APR.

HAY

JUNE JULY

AUB  3FP

OCT WOV

. Acceptance Tests

.Authoriéy to Proceed

Preliminary Design Review

Quarterly Reviews

Prototyps Design Review

First Article Review

Hardware Delivery

Planned A4
Actual W

gg;'.

Figure 3-2, DEVELOPMENT PLAN
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4,1.1

La112

Part IV Technioal Performance

Data

Extensive testing of the eollsctors-was carried out this Quarter. fhe
Manufacturing Mockup was tested for preliminary performancs and stagna-
tion data, and for structural integrity as preparation for Certification
Test,. The Certification Teat was run on the Qualifieation Unit aceording
to Certification Test Flan. GCertifiostion data n&s taken at three input -
temperatures, Stagnation data was obtained, and extensive structural
testing was perférmed, Fach of these tests Was monitored by the Certifie
¢ation Agent, J, Pals of Intermountsin Inspection Co. Performsnce test-
ing was then carried out on the first three deliverable units; #LSE 4x8-00-001
through -093 to assure that baseline performanees spegifications. were met.
July glezlng tests were repeatad to det;rmine the advantage of Sunadex

glass over plain glass,
Performance Data

Date on all LSE 4xB collectors was taken at the test fasility ueing the
same testing cell and our standard testing and recording equipment., Tenmp-
sratures of the absorber panels were measured with thermocbuples for the
Mockup and Qual units and with Uinco Thermal BResistors for LSE 4x8-00-001

through -003 collectors,
Performance Data for Manufactiring Mockup,

The Manufictsring Mockup was finished in ﬂugust. The purposes of the Mockup
wers: 1., to develop manufasturing proceedures, 2., to develop Certifieation

Test proeedures, and 3., to obtain preliminary performance data.
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The Mockup performanse data was found to be in error dus to a faulky
end connedtor design. The end connestor was re-designed for all subse-
quent units to permit better air flow. MNogkup stagnation tests found

absorbar temperatures in excess of 350°F for insolation asar 300 BTUH/ftz.

" The inner Sunadex giazihg reached a tempersturs of 255°F and the H-bar

flange at the bottom of the sollector reached 196°F, After the end con-
nector was redesigned, the pressurs drop across the collector was .1 inches

or lesg of water at 120 CFU of pir flow,
Performance and Stagnation Data for the Qualification unit

Performance and stagnation data were taken on the Qual unit. The testing
of this sollector wgs monitored by the Certifiocation Agent, The performance
ourve and the specification curve per ECP # CUBD 301-77-0l4i are plotted

in Figure 1, The Qual Unit performance is well above the Specification
T 1

Curve., Performance dats is shown in Tables 1, 2, and 3.

Certain misleading data points have been deleted from th®se tables. One
such "wild" point underlined in Table 3 and plotted in Figure 1. This
point was the result of a momentary cloud -¢over which caused a large drop

in ingolation resulting in a large increase in sffieciency.

In Figﬁra 1, some variations in the data polnts were observed to becone

mﬁre pronounced as the air ‘temperature increased, These variations were
diue to the inherent turbulencs in the air duct where the Thomas'ﬂetefi;s
located. The forced convection heat transfer coefficient between the air

stream and the thermopile is a function of the intensity of the turbulence

and the temperature of the*air stream. Such variations can be greatly re-

duced by construsting a special air duct that exhibits laminar flow where

PAGE BB
meAL
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the Thomas Meter is located,

Stagnation data is displayed in Table 4, In Figure 2 a curve of Air Flow
Rate throuéh the Collector Versus Pressure Drop across the collector is
drawn showing that at 120 CFM the preséurn drop across the collector is
lass than .l inches of water which soncurs with the pressure drop require-

mant.,
Ghadoly Performance Data for # LSE 4x8-00-001 through -003

In order to assure that the first three deliverable units exhibited effic-
iencies equivalent to the Qual unit, performance data was recorded. The 70°F
qir input data for collectors =001 through =003 is given in Tables 5, 6, and

T respectively.

be? The Certification Test!s Struetural Testing

The structural testing of the Qual unit required in the Certification Test
Plan was succesfully perfonmed as follows, A drop test and racking test of
the collector simulated handling and shipping stresses. A Maximum Load
Test with 16 lbs/ft% of water on the Qual unit was designed to simulate
wind, snow and ice loads., The Tedlar Water Load Test assured that under
moderately heavy wind, snow or ice loads, the Tedlar would not bes permen-
antly deformed or torn ete, The Tedlar Air Leak Test assured that pinholes
did not form in the Tedlar after several weeks of use, The Flutter Test

3

was performed to measure Tedlar flutter under wind gusts, A Plenum Pressur-
.ization Test assured that no permanent deformation was observed when the
plenum chamber was pressurized well above the normal opsrating pressures,

For full Certification Test data refer to the Certification Test Report.
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Parformance Test #LSE 4x28 Jual

Ambient Air to Inlet

0T=AX

Flow Insolation Asbignt RH Inlgt Outlet JO#L TOFz T0#3 1Tofk  Efficiency %
CF¥  BIUH/f% Mr % % AirF Ar °F F °r op Total Area
120 280 72 L 80 137 183 208 160 177 69

124 290 73 W, 82 142 187 214 163 181 72

127 -306 T4 K 83 145 196 223 167 190 72

115 316 76 37 85 153 201 227 175 197 69

116 318 76 35 84 153 200 227 17, 198 70

116 317 75 3L 83 152 199 226 172 197 n

14 317 77 36 83 152 200 225 172 198 69

116 311 i W Bk 152 199 225 171 198 n

1;!.2 305 76 36 83 151 196 221 168 195 70

Table 4.1 Low Temperature Performance Data

September 1h, 1977



A

Time

12:20

12:25

12:30
12:40
12:50
13:00
13:10
13:45

?iow '

CFM

128
117
121
118
116
116
124
116

Sraovd TVNIDIEO

A3rIvad 400d 0

-~

Insola
BTU/ft

328
324
330

. 323

321
317
312
232

Aab3i
Air

82
82
&2

8l

81

a1

8L
a1

nt RH
8?

Performance Test Serial # LSE LxB=-Gual

%

40

36

L

Inlot
Air oF

9%

95

95

9

97

98

98

97

Outlet

Air °F

. 158
158
159
160
160
160
159
145

Recirculated Input Air

Thermo

199
200
201
201
201
201
198
175

Thermo

225

226
227
227
227
226
223

194

Thermo
couple#l couple#2 ' couple#3

172
173

T

174
174
174
170
154

Table 4.2: Intermediate Temperature Performance Data

Thermo
conple#l
197
198
199
200
200
200
198
175

November 3, 1977

Efficiency

Gross Area €

69
65
66
65
b4
64
68
68
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Performance Test LSE L2 Qual

High Temperature Input

Time =" *Flow Insoldjion Amsbient RH . Inlet Outlet Thermo  Thermo  Thermo  Thermo Efficiency
L'_.“,CFH _ BTU/ft ALr°F % Air9F  A4r°F couple#l couplef2 couple#3 coupleffs Gross Area %

L

1245 117 348 68 L3 127 182 208 250 200 220 52
1255 117 325 69 " 129 182 228 . 250 201 223 54
1305 119 N3 72 v 129 - 182 222 243 198 219 55
s w1y mor 2@ w0 w6 187 10 10 62
1335 120 222. 72 37 128 162 188 201 172 187 53
1355 122 289 72 " 129 170 209 226 189 203 L8
1405 114 292 73 29 130 174 215 231 190 209 48
1415 118 278 73 w130 175 211 227 185 208 52
1425 1 262 A 2 132 175 210 225 185 207 53 .
1435 167 249 73 " 132 174 207 223 181 204 51

Table 4.3, High Temperature Performance Data . November 4, 1977
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Time

1430
1440
1450
1.500'
151¢

ALITVAD 400d 40
qr AOvd TVNIDIEO

Insolation
BTUH/ft

288
281
233
186
78
59

STAGNATION TEST SERIAL #LSE 4x8 QUAL

Amblent
op

87
eg
88
88
88
88

Table o4 Stagnation Data

o
271
282
288
270
23%
218

September 3, 1977

TC #2
OF

292
301
309
283
244
226

September 3, 1977

¢ #3
°p

259
266
269
236
195
178

¢ # 4

P
266
277
286
268
236
220

@% /l/m,%-

Coto *5¢ 74
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—Time

1030
1045
1100

1115

1130.

1145

XIIIVAOD MO0 J0
St DV TVNIDIYO

CFM
128
126
125

131

126

125

‘Flow - Insolat

BTUH/$%
183
211
261
277

‘288
297

éon

Performance Test Serial # LSE 4x8-00-00L

" Ambient

Air°F
60
60
60
60
5%
58

m‘ -

4
27

R+

n

" Inlet
Air°F

65
65
67
64
65
65

Outlet -
Adr °F

161
105
116
122
125
129

RTD#L

op

121
137
159
166
170

175

w2

F
154
150
175
182
187
192

Kb
124
119
136
137

146
150

Table 4.5 Low Temperature Performance Data for LSELx8-00-00L

RTD¥E{,
Op

125
125
143
149
154
159

Efficiency
Total Area &

7L
66
66
73
73
73

September 23,1977
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Performance Test Berial # LSE AxB-00-002

Tine  Flow Insolatjon . Ambjent RH Inlet Outlet RIDFL RIDF2  RIDF3  RYDFL  Efficiency %

< _ ; CRf BIUH/fY Me% % Mr OF ALCCP °p °p F ¥ Total Area
1155 122 256 72 40 76 - 125 160 180 151 166 65
115 120 272 73 n 78 128 165 185 158 172 62
1130 123 285 75 m 80 133 171 32 1563 179 éh
145 124 295 75 " 81 136 175 195 167 184 66
Blower RPM's increased
1215 158 310 76 o 8L 135 168 186 160 172 75
1245 152 219 T " 82 136 171 189 161, 173 72
1300 146 323 7 " 83 138 172 190 165 174 70
1330 154 319 80 " 83 137 167 187 161 169 | 74

Table 4.6 Low Temperature Performance Data for. LSE 4x8-00-O0Z
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"Performance Tast Serial #LSE 4xB-00-003

Time ' Flow  Insolatjon Ambignt RH Inley Outlat RIDFL RIDF2 RTDF3  RIDAL  Sfficiency %
: P

CPM ~  'BIUH/ft Alr %  air % air %7 °F F °p op Total Area

100 136 263 73 37719 128 161 184 152 153 71
1115 132 278 v n o 80 133 167 193 158 160 71
1130 132 289 75 n 81 137 172 199 163 166 72

C1045 129 300 76 " 82 141 176 203 166 170 71
1200 133 299 “ 76, " 82 141 176 202 165 171 73
1215 132 299 i " 83 139 171 194, 158 167 7
1230 128 308 78 " 83 1hh 181 209 171 179 72
1245 128 308 78 " 83 146 185 215 175 183 72
1300 131 337 79 " 84 150 187 219 177 186 72

%

v

Table 4.7 Low Temperature Data for LSE 4x8-00-~-003

AITTVND 900
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Test Facllity

The first set of high temperature data was considerad suspsct, The flow
rete was well above tha 120 CFM, At elevated temperatures the flow rate
had questionably large fluetuations, The performance testing at elevated
temperatures was repsasted and date was still considered suspect due to

large variations in flow.

The oparation of the Thomas Meter was checked out. A stray 50 microvolt
signal was present at zero flow conditions, All system grounds and ap-
propriate shielding of suspect wiring was rechecked and the stray field

pickup was eliminated.

Futher investigation showed that the zero reading from the thermopile of

the Thomas Meter did not vary linearly with temperature, It was found that

- the 12 seemingly identical thermocouples making up the thermopile each had

slightiy different output variations at different temperatures causing the

thermopile zero to drift almost 200 microvolts at high temperatures,

An alternate method of measuring the thermopile data was to connect the
thermocoubles on each end of the Thomas Meter in parallel which averaged

out ihe temperature dependent variations, Alsc, the thermopile zero was
‘checkeéd prior to acguiring each data point., The data in Section 4.1,3 was a

rerun of high temperature and intermediate input sir temperature data.

Glaziné Test

Glazing Tests were originally performed in July to compare the efficiencies

of $unééex versus ordinary window glass when used as an inner glazing. LSE

raported preliminary data that gave Sunsdex glass a 10 to 187 advantage over

plain gless., This was considered preliminary since our Test Facility had

Iv-19



air flow problems between the two test cells. Originally, two different
sets of 2'X L' test collectors placed in series was used, Each set of col-
lectors was placed in a soparate test cell and had one of the different
glazings. When ths tests were rerun, only one set of c'ollecbors was used,
-After the plain glass glazing was tested, it was replaced with Sunadex
without removing the collestors from the test cell. Air flos in the cesll
vas kept constant between each test. Results of the test showed that when
the .collectors had the Sunadex glazing they exhibited an 11% enhancerent in
heat;-, output than when the same ¢ollectors supported the plain glass glazing.
.,This was expacted since the Sunadex glass transmitted 10%f more sunlight than

the plain glass., The comparisocn data for this test is displayed in Table 8,

O6T

7 is given for each point, since,

. Efficiency = K _é._.:it‘__
where A T is the temperature increase of the air across the collector, I

is the insolation and K is a constant for thia test,

%F POOR. QUAm%
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Ins olat% on
BTUH/f%

261
262
249
257
265
266

S; dDVd TVNIDIYO

ALI'TVAD 9004 J0

GLAZING COMPARISON TEST

Plain, Glass Sunadex

Inlet Outlet AT Insolation Inlet Outlet

Air °F Air °F I BTUH/t2 Air OF Air ‘OF
81 C 142 . 423h 259 66 . 128
81 141 230 258 66 128
g0 139 «237 249 66 127
80 139 237 222 66 125
81 139 .220 210. 66 123
80 139 218 225 66 120

Average dg 7 o226 ' Average -é%- = 256

Reading Taken on 5 Minute Intervals

Table 4.8 Inner Glazing Test Between Sunadex and Plain Glass

o241
0240
peinn
o263
267
239
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~ General Description of Work Accomplished during the Quarter

August
Maaufacturing Mockup

Two.difficultiea were found in -assembling and testing the Mockup, First,
it was difficult to install the 5/32" Sunadex glass in the H-bar center
support, The channel in the H-bar was too narrow for the glass and sili-
cone rubber U-channel, A new H.bar was obtained with a 0,003" larger chan-

nel and the glass with the silicone rubber U-channel it in smoothly. The

-sacond problem westhe collector input/output End Connsctor that was found

to be too weak and it partially closed in the opsning. This was corrected

in the Qual unit. Reliable Stagnation data was collected on the Mockup.
Qualification Unit

The Qualification Unit was fabricabted accoriding to manufacturing procedurss
with redesigned End Connectérs. The Qual unit was installed in the Test
Facility on August 3lst. Air flow tesis across the collector showed that

the. new End Connector design allowed & pressure drop across the collector

-of less -.1 inch of wster,

Certifieation Test Support

A statement of work was given to an architectural engineer to raview the
installation drawings and the IOM Nanual., As a result of this review, the

SCLx8106 drawings were redrawn. The Installetion Operation & Maintenance

Manual -was also rewritten.

V.22



Hsﬁufactmring

A welding j1g was constructed and used on the Qual Unit. The jig was designed
to assure that all subsequent collectors have nearly identieal' dimsnsions,
Our welder recently demonstrated his capability to weld the H-bar corners

of the Tedlsar frame which will greatly improve its strenghh.

Preliminary use of the Gelva 1753 on the Mockup Unit to glue the Tedlar
was found to be unsatisfactory. Mr, Stucky of MSFC suggested waiting 15
ninutes for the Gelva to sat pfior to instelling the Tedlar. This proced-
ure was used on the Qual Unlt and further testing of the Qual Unit became

necessary to evaluate the Gelva/Tedlar retention.

Gegtification Teat Preparation

A Cortification Test Report was prepared to contain the test data and

provide sign off sections as tests were completed,

Acceptance Test

An Acceptance Test was prepated in two parts: 1, for the first 3 Prototype

Collectors and 2, for the remaining 7 collectors that wers to be shipped

without glass.

heboa2 September

The Qualification Unit was instslled in the Test Facility on August 3lst.
Performance testing was run on September 3rd and lith. The Performance Test
on September 3rd was monitored by the Certification Agent who alsec monitored

"the structural testing of the Qualification Unit on September 30th,

'ORIGINAL PAGE I8
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Deliverable Prototype Collectors

The first three prototype collectors were completed by mid September,

The 'built-in' end connsctor daveloped on the Qual Unit was incorporatad
into the design of all collectors. It was designed to attach to the end
connector and pass through the ends of the shipping container/test assembly.
¥r, Stucky's recommendation to wait 15 minutes for the Galva 1753 to set
has improved the Tedlar/Gelvs retention problem, The Tedlar is solar heated
to—150°F surface tempsrature and allowed .to cool rapldly .in order to shrink
the Tedlar. Testing to date indicates that the sorners of the Tedlar should
be installed in the Tedlar H-bar frame after the Tedlar has been shrunk.
This relieves some of the stress on the corners, A thin bead of Dow Corning
732 on the inside corners of the H-bar and Tedlar further strengthens these
corners. The Tedlar-Gelve interface at the ®erners will be monitored and

may require further testing,

Test, Facility

During Septémbar, data was tgken on the ngl Unit and the first three deliver-
able prototype collectors, During testing of LSELx8-00-002, the Dwyer Micro
Tector Hook gage air flow readings were not in agreement with the Thomas

Meter readings of air flow, A hot wire anemometer and a. Davis Rotating Vane
were used to show that the Thomas Ueter was found to ba functiohing properly
at low inlet air temperatures and testing of the.prototype collector con-
tinued. This delayed the First Article Configuration Inspsction one week

and the structural testing of the Certification Test two weeks.
Test Data

The Certification Teast's Performance Tests were run at the Test Faellity

on the Qual Unit with input temperatures of 78°F and lAOOF. The weather

IV=24



was so hot that input temperatures of 70°F were unobtainable. The output
temperatures of the collector were {bove specificationg. The pressure drop
across the collector was Just under',i inches éf water, On account of the

air flow.problam mentioned above,the Qual unit was ratested on September 1lith
with good results,

Stagnation testing of the Qual Unit reported temperatures in excess of 300°F.
The deliverabls prototype collectors # -C0l, ~002, -003 were performance
tested with a 70°F inlet taﬁperaﬁure and all three collectors had outlet

1

air temperatures above specifications,

Certification Test

In addition to the Certification Test Plan, a Certificatlon Test Report

was prepared to includes furthep imformation an& sectional sign off sheets,
The structural testing included & Drop Test,Rack Test; Tedlar Air Leak Test
Tedlar Water Losading, Colleétor Maximum Load Test, Plenum Pressurization,

Thermal Shock, and E}uttér Test, The Certification Test WgS*ﬁampleted on

Septémber 30th, , b
: . oaGE 1
Design Brochure AL A
RIG
%‘E POOR quatt™

The preliminary Design Brochure review was completed by the Architectural

'Ehgineer.and brochure improvements were made at his direction.

Vgrification Status Summary

The Verification Status Summary to the Verification Plan was completed.

It summarized testing status through the end of August.
Manufacturing
‘ Manhfapturing of the last seven collectors began during the last wosk of

IV-25
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Séptember. Most of the materials were cut for welding, painting, and final

‘apsembly. A set of manufacturling process plans were prepared to provide

a step by step procedure for making collectors,

Problems

The only problen was the Gelva 1753 retention of the Tedlar. Mr. Stucky's
recammendation to air dry the Qelva-before inserting the Tedlar did show

improvement in retention.
October
Coertification Test Report.

A Cgrtification ‘Test Statement containing the data and anslysis of the
Certification Test was prepared for the Certification Test Report. The

Certification Test Reporﬁ was reviewed and signed by the Certification

_Agent and LSE test engineers on October lst,

First Article Configuration Inspection (FACI) and Acceptance Test I
The first Article Configuration Inspection for LSE4x8-00-001 collector and -

Acceptance Test inspectlon of 002 and -003 collectors were held on October

l.'q

6th. ‘The three Solar II Collectors were inspected. In addition, the

N

Installation, Operation and Maintenance Manual, the Warranty, and Special

_Handling procedures wers reviewed,. Four Q?view Item Discrepancies were answered,

- The Certification Test Report of the Qual Unit was reviewed as part of

PACI. and signed off by the Tachnical Monitor. Test data and analysis of

the first three Solar II Prototype Collectors were reviewed. 4 list of
. items was developed for LSE to complete including: hardware and -documentation,

revised set of reproduciblé drawings and an up dated list of apecifications,

Iv-26



Acceptance Test II

Acceptance Test for the last seven prototype collectors was delayed while ths
problems at the test faciiity were remadied. The sev;n prototype Solar II
Collectors, serial numbers LSE Ax8-00-00/ through =010 were inspected along
with the shipping containers, The NASA Quality Control Inspsctor directed LSE
to add aaditional strength to the sides of the shipping containers in the form
of 4'x8':1/4'" plywood. Minutes were prepared and included in the shipping

containers with the collectors, The DDR250 was signed by Mr, Howard B G Kittredge
of NASA Quality Control.

Test Data

o

As described in section 4.3, the air flow was above 120 CFM during the B
high temperature testing giving misleading data. LSE repsated the high temp-
arature data for the corrsct air filow, The problams encountered with the Test

Facility caused a three week delay in obtaining reliable data, The new data

was included in the Certification Test Report.

Manufacturing

MYanufacturing of the last seven prototype collectors was completed in the mid-
dle of October, Four shipping containers were made for the seven collectors

and shipment was made on November 7th,

K}
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