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NOTICE

This report was prepared to document work sponsored by the
United States Government, Neither the United States nor its
agenta the United States Department of Energy, the United
States National Aeronautics and Space Administration, nor any
federal employees, nor any of their contractors, subcontractors
or thelr employees, make any warranty, expreas or implied, or
asgsume any legal 1iability 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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1. Summary

This report incorporates those items required for the Preliminary'
Review {Type I & Type II Documents). In addition, Part IV A. of
tﬁi; report contains a technical description of the work performed
to date on the concentrating collectors and the attitude control.
This information, because it is more comprehensive than the previous
monthly reports, should supercede the monthly reports and béCOme

the basis for the Preliminary Design Review. Accordingly then,

we have provided a drawing at the end of this report which will
become the prototype collector should the tesfing of its individﬁal
parts’ prove équal to or in excess of the performance specifications

for this project.

Part II' Contract
A. Changes:

.Sincethis is a guarterly report, and since there are no
major changes in the design of the collector: at this time
there are no items of mention for this section. However,
this report has .updated design schedule changes indicated
and tﬁey may be found in the Development Plan (Part IV J.1)

of this report.

B. Value of work scheduled and cost of work performed.
Since this is a préliminary guarterly report and since there
are no significant deletions or additiomns in the work
scheduled the information requested in this section will be

provided in its most updated and complete form January 31,1977.



Variances in Cost or Schedule
Updates in the schedule may be found in the. Development
Plan (Part IV J1 of this report). To date phere are no

cost variances projected.

Data - Cumulative to Date.
Presented in attachment to this section are the folloﬁihg:
. Present concentrating collector and attitude control
Independent Test - From which base line similarities’wére.
developed.
2. Insolation data for 32° N.L.
3. Focus intensity profiles of the present concentrating
collector from which baseline similarities were developed.
4. Design drawings of the lens (only those most promising
for further analysis are shown). Drawing 4-25-495 will be

constructed for prototype test & development.

5. Attitude Controllexr Tracking Test Profile.
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The University of Texas at Arlington
Arlington, Texas 76019

Mechanical Engineering Department Arlington-Ft. Worth 817-273-2561

May 11, 1976

Mr. Lynn Northrup
Northrup, Inc.

302 Nichols Drive
Hutchins, TX 75141

Dear Mr. Northrup:

This letter will certify that the Northrup Solar Collector with a black
chrome absorber coating has been tested at the University of Texas at
Arlington using procedures recommended by the National Bureau of Standards.
This testing was done between November 13, 1975 and December 18, 1975.

Sincerely,
™M §
l\‘
T. Jd/ Yawley,” Ph.D.

Associate Professor -

TdL:rh

- 4 -

An Equal Opportunities/Affirmative Action Employer
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INSOLATION DATA FOR 32° N.L.
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IT. D. 5.

ATTITUDE CONTROLLER TRACKING TEST

PROFILE
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Part III Schedules
The information requested in this section has been pro-
vided in the updated Development Plan (Part IV J.l) and
although the individual componeﬁt development dates have
varied, no significant changes arc envisioned. Contract
completion is still scheduled for the 70th week. We have
however, enclosed herein the Development Plan showihg progress
to date. The updated Development Plan (Part IV J. 1) shows
progress expected from 2/2/77 through completion of the

project.

- 18 -~



ORIGINAL PAGE 15 DEVELOPMENT PLAM SCHEDULE

ORIGIV 18 -
roroou? grave! NORTHIRUE  or poor QUALITY NAS8-32251 OF POOJ;LLQI;JﬁEI}TY FOLDOUT FRAME 2/

CURRENT STATUS MOMTORING weex[] WEEK

LafE (WEEKS) [ON SCHEDULE | AHEAD (WEEKS)| ACTIVITY # L x| msis|Tie s o

11|12} 55| 1415 1607 |16 .IIQIBZ’JZS Bﬁ]?? EBLJSDSI E]ﬂMSLSL?%A‘O‘N 3p LG4- ks -rOLlSZﬁL‘OLﬂLGL‘!I& 55]@031 &ﬂLdESIGELf T

i m======
T T - =
L C

E H
101

]
H
il
I

I}

& Tt oEvIL - AT T 1
£ 1 cani b ooy g S e
T

T oL tanlalle =
« 108 b DTRATIOn
5 moniea |

£t I |
CXLPCTOR At sooml T L 1T 1 I |

il

i

o el e
T

E_ 2, Eageichiiom

£ 4, 16574 [vaparjom

PRI %'___ =

TR | L = I A i e i A

-  —
TET I & G = = b =
e =
L Laiigs]
W1, BT ﬁ
A1 JEN
[T
G reloryer; FIL ATyt TN | g,
it iy
I 1 PeSincixims pesiom
L1 PG O o s

PR
S FREUIG Fien
2 AL IR

§
L]

~18-

!

L J @l i-® & @ - L - [ ]
= T r
— — ! »
- _i ®
Q1T s R @ i
I

UEIICATIIN B KCEMCE TET PhacEienTs & | 4
T — » Bl o i

TRACTA MARCLIE. IETEALATIE & o
MAIATTRCE T LT

M PNTE LT

TOTALATION OHRA T L
MAINTERNCT AR

o i
i .
A — ®

OCILEH B3N, 41004NE

wacmrwct w et ;i RERAREC

& LisT & DRAWINCY
@ REPORT & 2ATA



Part IV Technical Performance
A. General description of work to date.

The foXlowing technical reports are indicators of tgé
development which will be required to successfully complete
this contract. The first section is by the ALTERNATE
ENERGY RESOURCE GROUP and describes the concentrating
element (lens} work as well as the receiver tube element
work. The second section describes the work performed
and the direction to be taken on the further development

of the attitude control.
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January. 1977

First Quarterly Technical Report

Analysis of an Intermediate Temperature

Concentrating Collector

Alternate Energy Research Group
Northrup, Incorporated
302 Nichols
Hutchins, Texas 75141

- 21 ~



Alternate Energy Research Group

Lynn Northrup, Jr., M.S.; M.B.A.
Research Director, President

Northrup Incorporated

Robert Waller, Ph. D. (Physics)
Alternate Energy Research Director

Northrup Incorporated

Brian Johnson, Ph. D. {Electrical Engineering}
Assistant Professor (Physics Dept.)}

University of Texas at Dallas

Stephen Curry, Ph. D. (Physics)
Assistant Professor {Physics Dept.)

University of Texas at Dallas

John Yellot, M.S. (Mechanical Engineering)
Visiting Professor in Architecture

Arizona State University



INTRODUCTION

Concentrating collectors which utilize fresnel lenses have been shown

to be a practical and viable meaﬁs of obtaining intermediate tempera-
tures for conventional hot water applications. Northrup, Incorporated
has received a contract from NASA to develop and fabricate an improved
lens type concentrating collector for higher temperatures. The sub-
system contract will include 300 square feet of:prototype collector

with attitude controls. The following is a report whicﬁ ;;dresses the
progress made toward the development of the improved concentrating col-
Tector, Areas which will be covered include the analysis and design of
the concentrating fresnel lens, the design of the receiver tube, proposed

tracking techniques, and finally the test facility and procedures which

will be used to verify the performance of the collector subsystems.

The general concepts of lenses, in particular fresnel lenses, have been
well established from the field of optics for many years. A review will
be made of these concepts and their particular application in the Tield

of solar energy collection. Since the collection of solar energy does

not require a good imaging device, many of these requirements normally
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imposed on lenses may be relaxed. However, it will be shown that some
of these effects such as longitudinal sphericaﬁ abberation may not be
overlooked if one is to obtain the maximum lens efficiency for the
collector design. Techniques and means of controlling the longitudinal
spherical abberation will be discussed in detail. The material which
is used in the construction of solar fresnel lenses is an important
consideration with respect to transmission, reflective losses, and
weatherability. Another important aspect of lenses is the focal length
variation with respect to the incident angle and the imposed tracking
requirements. Finally, several lens configurations will be discussed

including the analysis and rationale of these designs.

The design and sizing of the receiver is primarily based on the con-
figuration and size of the solar fresnel lens. A simplified heat loss
analysis is presented for the receiver as a function of the annulus

gap between the metal tube and a glass jacket. Losses as a function of
the degree of vacuum in this gap are also examined., Proposed low cost
pro&uction type seals between the metal receiver and glass jacket are
presented with particular emphasis on durabjlity and thermal expansion,
An electro-deposited black chrome (Cr203) and nickel coating will be
examined in terms of absorptivity and emmisivity, and a comparision will

be made to other types of coatings which are available for this application.

Finally, the experiméntaT techniques and verification plan for testing the
prototype will be mentioned., These experimental techniques include
measuring the efficiency of the individual components as well as the overall '

concentrator collector efficiency. Efficiency measurements for the fresnel
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lens together with the abparatus uysed to obtain focal plane intensity
profiles are presented. The apparatus used to measure the heat loss
curves and thereby determine the receiver efficiency is shown in con-
junction with the portion of the test facility used to measure the over-

all collector efficiency.
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JANUARY 1977

FIRST QUARTERLY TECHNICAL REPORT
ANALYSIS OF THE ATTITUDE

CONTROLLER

NORTHRUP INCORPORATED
302 NICHOLS

HUTCHINS, TEXAS 75141



1.1.

1.1.1.

l.1.2.

1.1.3.

INTRODUCTION

Background information on the original Sun Tracker.

The design specifications of the original Sun Tracker
were as follows:

Accuracy: Within * 1° {(Angle of error with the éun)
ﬁeliability: Highest reliability possible using standard
commercial components.

Cost: Lowest cost possible while maintaining accuracy
and reliability.

In order to achieve the lowest possible cost, ;he tracker
was designed to operate at line voltage. By 0pe}ating
the tracker at line voltage we were able to eliminate a
low voltage transformer as well as the iéolated coupling
between the low voltage electronics and the tracker drive

motor that required 120 VAC.
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2. Redesign of the Sun Tracker.

2.1. It was decided to re-design the Sun Tracker for the
following reasons.

2.1.1. To reduce the cost of the original contract.

2.1.1.1. Investigate the use of low cost integrated circuits
to reduce labor costs.

2.1.1.2. 1Investigate the use of a single chip to replace the
amplifier and the logic portion of the control. This would
reduce the components cost and also lower labor cost.

3. Other woxrk to be performed.

3.1. Investigate the possibility of using a microprocessor for
controlling the tracking.

3.2. Investigate using low voltage for the tracker control.
This would allow the tracker to connect to other low

voltage systems.
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4, Work accomplished to date.

4.1. Investigation of using low voltage for the tracking system.

4.1.1. There were three possible voltage configurations for the

'tracking system. These are listed below with their advantages
and disadvantages.

4,1.1.1. Low Voltage Control - Low voltage motor.

4.1.1.1.1. Advantages

4.1.1.1.1.1.Minimum effort to obtain U.L. listing

4.1.1.1.1.2.Maximum safety to personnel

4.1.1.1.1.3.Compatible with other low voltage systems.

4.1.1.1.1.4.Use of low voltage field wiring.

4,1.1.1.1.5.Easily adaptable to other frequencies and voltages.

4.1.1.1.2. Disadvantages

4.1.1.1.2.1.High motor current

4.1.1.1.2.23High current triacs requifing heat sinking.

4.1.1.1.2.3.Printed circuit board must have large copper circuits to
handle the high motorlcu£rent - particularly the high
starting current. ‘

4.1.1.1.2.4.Use of high current low voltage transformer.

4.1.1.1.2.5.Use of high capacity motor capacitor.

4.1.1.1.2.6.Added cost because of low voltage transformer.

4.1.1.1.2.7.A4ded cost because of isolated coupling between the
low voltage control and iine voltage motor

4.1.1.2. Low voltage control - Line voltage motor.

4,1.1.2.1. Advantages

4.1.1.2.1.1.Medium effort to obtain U. L. Listing.
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4.1.1.3.1.6. Use of low current triacs

4.1.1.3.2, Disadvantages

4.1.1:3.2.1. Maximum effort to ob£ain U.L. Listing.

4.1.1.3.2.2. Most unsafe control for personnelt

4.1.1.3.2.3. Use of line voltage wiring between the photocells
and the tracker control as well as between the
drive motor and the tracker control.

4.1.1.3.2.4. 'Very difficult to adapt to higher voltages.

4.1.1.3.2.5. Printed circuit board must be manufacturéd by a
U.L. approved manufacturer.

4.1.1.3.2.6. More difficult to make compatible with other low
voltage systems.

4.1.2. The decision was.to design a low voltage control
with a line voltage motor. The primary reasons for
this decision were: . ‘

4.1.2.1, Safety to personnel

4.1.2.2. The compatibility of the tracking control with

other low voltage controls.

4.1.2.3, Easily adaptable to higher voltages.
4.2, Investigation of using a higher torgue motor.
4.2.1. One way to reduce the cost of a solar heating or

air conditioning system would be to have the tracking
system drive a larger number of collectors. For this
reason a number of motor manufacturers were contacted
to get pricing on their higher toréue motors. Pricing
was also obtained on motors equivalent to the one
presently being used so that a second source could

be located. There is a possibility that the present motor

will continue to be used.
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4.1.1.2.1.2.
4.1.1.2.1.3.
4.1.1.2.1.4.
4.1.1.2.1.5.
4.1.1.2.1.6.
4.1.1.2.1.7.
4.1.1.2.1.8.
4.1.1.2.1.9,
4.1.1.2.2.

4.1.1.2.2.1.

4.1.1.2.2.2.

4.1.1.2.2.3.

4.1.1.2:2.4.

4.1.1.2.2.5.
4.1.1.3.
4.1.1.3.1.
4.1.1.3.1.1.
4.1.1.3.1.2.
4.1.1.3.1.3.

4.1.1.3.1.4.

4.1.1.3.1.5.°

Relatively safe for personnel.

Compatible with other low voltage systems.

Low voltage wiring to photocells.

Low motor current

Small motor capacitor

Low current low voltage transformer.

Easily adaptable to other frequencies and voltages.
Use of low current triacs.

Disadvantages

Printed circuit board must be manufactured by a U.L.
approved manufacturer.

Must maintain a specified spacing bétween line voltage
circuit and low voltage circuit on the printed circuit
board.

Use of line voltage wiring between the tracker con-
trol and the drive motqr.“

Added cost because of isolated coupling between the
low voltage control and the line voltage drive motor.
Added cost because of low voltage transformer.

Line voltage control - Line voltage motor.

Advantages

Lowest Cost

Low voltage transformer no£ required.

Isolated coupling not required.

Low motor current

Small motor capacitor
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4.2.2.

Mfg.
Grapger

Molton

Brevel

OEM

ECM

4.3.1.

A list of motor manufacturers is shown below with

torgques and pricing:

Model
22813

QHM

QHM

4BB
FBB

E105W4

2089-160

TABLE I
Quantities
Torque 100 250 500 1000 2500 5000
In.Lb. ‘ .

35 11.85 11.50 10.93
100 15.81 15.12 14.44 14.10 13.75
100 19.75 15.63 14.25 13.13 12.50

35 23.40 15.60 11.71 9.83 g.06
100 27.88 18.59 13.%94 11.71

45 13.85 11.87 10.88

45 18.15 14.00 11.41 10.37 9.96

Investigation into using a single chip for its

tracker control.

A company by the name of Interdesign, Inc. has designed

what they call a monochip.

* This chip has up to 300

components that consist of NPN transistors, PNP tran-

sistors, diodes, and resistors of various valves.

The chip size is 0.080 inches by 0.080 inches.

The

components in this chip are not connected - one to

another.

In order to use this chip we would have to purchase a

design kit for $35.00.

ponents that are contained in the monochip.

By

The kit would include com-

connecting the components in the proper manner one can

make differential amplifiers,switches, Schmitt triggers,

timers or what ever is desired.
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4.3.3.

4.3.4.

4.3.5.

4.3.5.1.

4,3.5.2.

4.4.1.

When one has the components contained in the kit connected
to give a desired result, he then tells Interdesign which

components to connect to other components and

he will receive 50 custom integrated circuits in a 14 pin-

dual in line integrated circuit package for testing.

Deleted

We have decided to not design in this chip at the present
time because of the following:

We are not absolutely sure of the final configuration of
the tracker at the present time. If we decided next year
to make a change in the tracker we can do so relatively
easy with a printed circuit board, but we would be unable
to make a change in the chip.

We are hesitant to design in a component that can be
supplied by only one manufacturer. His problems become
our problems. For example, if he uses union workers, a
strike could seriously hurt our shipping schedule.
Photocell sensor housing.

The original photocell sensor had the photocells mounted so
that there was a 60° angle between them. This would cause
a difference in output current between the two cells when
the sun light was on one cell more than on the other.

For later comparison we shall develop the equation that
relates the sun travel with the current outputs from the

photocells.



T o= éd)a
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PHOTO CELL # | —s \\ 4——PHOTOCELL FEE.
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»€ |

FIGURE I

From Figure 1, the current from either photocell can be expressed by:
i = Iscm Cos (8 % g)
Where Iscm = Maximum short circuit current
when 8 = f = 0
The current from each photocell is:
B i, = Iscm Cos (& + f)
i2 = Isecm Cos (8 - f#)
The difference becomes:
i, - i; = Iscm [Cos (& - ) - Cos (8+f)]
From Trigonometric formulas we find ‘

Cos x — Cos y =-2 sin 1/2 (x+y) x sin 1/2 (x-y)
Therefore

ig - iy = Iscm [-2 sin 1/2 (6 - g + 8 + @) x sin 1/2 (6-§-9-f)]
ip - iy = Isem [-2 sin 1/2 (28) x sin 1/2 (-2 §)]
iy - i) = Iscm [ 2 sin 6 sin f]

As @ = 60° we find

i, - iy = Iscm (2 sin 60 sin #)

i, - i; = Iscm (1.732 sin §) ORIGINAL PAGE IS
OF P

iy - i; = 1.732 Iscm sin §  (Equation #1) OOR QUALITY
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4.4.4.

4.4.5.

4.4.6.

4.4.7.

4.5.

4.5.1.

It was found that the tracking system would cause the
collectors to point to the brightest area in the sky-when

a cloud covered the sun. In order to eliminate this
problem - a new clear plastic housing was designed in which
the sensors are mounted on a printed circuit board,
perpendicular to the light from the sun.

Figure 2 is an explodgd view of the housing. Figure 2A

is a sectional view of the houéing. It is seen that an
opaque area on the surface of the housing is directly over
the space between the two photocells. The areas directly
over the photocells are free from shading while the areas
on the sides are shaded to reduce the light entering from
these areas.

The new housing design will limit the hunting action caused
by clouds covering the sun. This is accomplished by the
shaded sides of the housing causing a more balanced light
on the photocells.

Tests on the shaded sides of the sensor housing indicated
35% reduction in light.

A tracking system including collectors has been constructed
on the roof of the Northrup building so that a more thorough
test can be made during a cloudy period.

Tracking accuracy of the new sensor configuration.

The accuracy of the tracking control can be determined
from Equa?ion No. 2. Equatipn No. 2 1is found in the

following manner.
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From Figure 2A, the total area of a photocell is WL.
AT = WL
The area of the .shaded portion of Photocell #2 is:
AS2 = LC2 = LY Tan #
The area of the unshaded portion is:
BUS, = LB, = L [W - Y Tan §]
The area of the shaded po;tion of Photocell #1 is:
ASl = LC; = L Y' Tan #
The area of the unshaded portion of Photocell #1 is
AUSl = LB1 =L [W~-Y' Tan #]
The current generated by Photocell #2 is found by multiplying
the maximum short ¢ircuit current from the photocell by thel
ratio of the unshaded area of the photocell to the gotal areé
of the photocell, and adding the additional current caused by
the shaded portion of the photocell. The resultant current
must then be multiflied by Cos @ because of the angle of the
sun to the photocells.

This current can be expressed by:

12 = ég LB2 Cos g + ImF 1-C, Cos @

I

WL

i2 = Im (W~ Y Tan #) Cos § + ImF Y Tan @ Cos §#
W W

i, = £$ [WCos f - Y Tan ff Cos § + F Y Tan g Cos f#]

Where F = % of light through the shaded portion of the
housing = 0.65 & Tan @ Cos @ = sin #

Therefore: i,=Im [W Cos § - Y sin # + F Y sin g1
W .
The current generated by i, is found by multiplying the maxlmum
short circuit current from the photocell by the ratioc of the

unshaded area to the total area of the photocell and then multi-
plying this current by Cos §. This current is expressed by:



i = Iscm L B Cos g Iscm (W - y' Tan @) Cos #
1 WL 1 W

il = Iscm (W Cos g — ¥' Tan g Cos #)
7 \

i = Iscm (W Cos f - Y sin #)
1 W

The difference current becomes:

i2 - i =Iscm [WCos # ~ Y sinf + F Y sin &
1 W ;

- WCos # + Y' sin #]

i - i = 1Iscm [~¥Y sin § + F Y sin + Y' sin #]
2 1 W -
i2 -~ i = Iscm (FY - Y + y'] sin #
1 w :

Substituting values in for W, F, Y and Y' we have

i - i = 1Isem [ .65 (1.95) - 1.95 + 2.06) sin #

2 1 .3937
iz‘- i, = 1.38 Iscm Sin @
. 3937
i2 - i1 = 3.5 Iscm sin @ {(Equation 2)



4.5.4.

If we compare the difference curtents of Eguation 2 and
Eqguation 1, we see that an improvement of 102% has

been obtained with the new sensor housing design.

In the original tracker design, the current from each
photocell is shorted by a ten ohm resistor. The
voltages developed by the resistors are then fed into
the inventing input and non-inventing input of an
operational amplifier that has a gain of 300. The
output of the op-amp using the new housing design is

expressed as shown:

From Equation 2: i2 - il =73.5 Iscm sin §, the input

to the op-amp is therefore:
ez--el = 3,5 Isem R sin &, R =10 ohm

) e, - e = 35 Iscm sin §#

The output from the op-amp is:

[t

e 300 (35) Iscm sin @

<O

e

o 10500 Iscm sin g (Equation 3)

The original tracker has been designed to begin tracking.
(The application of power to the drive motor) when the
output voltage from the op-amp reaches approximately

+ . .
~ 0.55. Using equation 3 we find:
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0.55 = 10500 Iscm sin §

and
R A .
g = sin .55 (Equation 4)
10500 Iscm
TABLE 2
Iscm = 0.05 Amps. at 12:00 Noon

" = 0.0499 Amps at 11:00 & 1:00
" = 0.0483 Amps at 10:00 & 2:00
" =.0.0464 Amps at 9:00 & 3:00
" = 0.0428 Amps at 8:00 & 4:00

" = (0.0347 Amps at 7:00 & 5:00

NOTE: The values of Iscm are approximate. They

of course will also vary'wi%h’the time of vyear.
To determine the tracking accuracy, we use Equation 4
as follows:

g = sin”1 .55 (Equation 4)
10500 Iscm

By letting Iscm equal the highest and lowest current from
Table 2 we obtain the lowest tracking error and greatest

tracking error respectively. The tracking errors are

0.06 degrees for Iscm = 0.05A and 0.087 degrees for Iscm
0.0347A.
Errors caused by temperature are covered in Paragraph

5.1.1.
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5. New Tracker Design

5.1. Figure 3 is a schematic diagram of the new tracker. ' The
major differences between the new tracker and the original
tracker are:

5.1.1. The photocells are éhorted out by the inventing input of
the operation amplifier. This configuration is called a
current converter whose output is as shown:

e, = (i2 - il) Rg¢ (Equation 5)
By proper choice of R¢ we can have the same gain as that
of the original tracker and at the same time have
considerably better temperature stability. In the original
tracker design the error caused by input offset drift with
temperature was multiplied by the gain of the amplifier.
This amounted to as much as a 0.27 volt error whicﬂ corresPO;ds
to an error of less than 0.05 degrees. In the new design
the erroxr caused by offset drift will not be amplified by
the op-amp. The error caused by the offset drift will be
‘approximately 0.9 Mv which corresponds to an angular error
of 0.002 degrees.. Rf if a 1% resistor that has a
temperature coefficient of 100 ppm/°C or 0.01% per degree C.
The error contributed by Rf is found to be 0.6%.

5.1.2. By making use of the current converter as described in
5.1.1, we reap another advantage by the fact that the current
converter does not require a balance potentiometer as used
in the original tracker control. This not only saves the
cost of the relatively .expensive potentiometer, but saves

the cost of assembly and the cost of adjustment.

-42-



6.
6.1.

7.1.

.3.

4.

Another change is the use of integrated circuits in place
of the discrete components as used in the original tracker
control. This will reduce labor as there are fewer parts

to assemble and solder.

Yet another change is the fact that the circuit is low
voltage. We have gone to low voltage for safety reasons
and so that the tracker can easily connect to other low

voltage systems.

Use of low cost Ic's for the new tracker control.

By making use of the current converter as outlined in
Paragraph 5.1.1. we are able to use standard commercial
grade low cost integrated circuits such as the National
Semiconductor type 1M 324. The LM 324 contains four
operational amplifiers. The use of this op-amp will

reduce the component costs as well as labor costs.

The isolated coupling between the line voltage motor drive
circuit and the low voltage electronics will be a relatively

low cost Optoisolator as the General Electric Type H11Cé

or the Monsanto MC 52400.

Use of Microprocessor.
The microprocessor is one of the greatest assets the
electronics industry has developed. It will have a place

in the control of solar heating/air conditioning systems.
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It is not practical to use a microprocessor for the
tracking controi at the present timeé. Later ﬁhén perhaps
a microprocessor is uséd for the data acquisition and
control of pumps, valves, space conditioning, etc. it
may be more practical. The main reasons for not con-
sidering the microprocessor at the present time for the
tracker control is the fact that by the time the analog
signals from the photocells are processed to be used for
a microprocessof, they can also be in a state so as to

drive triacs that will apply.power to the drive motor.
Breadboard of the Tracking Control.

Construction of a breadboard of the tracker has begun
that will serve as a prototype from which a prototype P.C.

board will be designed.
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Part IV. (Cont'd.)
B. Forcast of required activities.
1. Completion of test facilities.
2. Acquisition and testing of the concentrating element.
3. Acquisition and testing of the receiver tube element.
4. Construction and test of casing element.
5. Analyéis of "Hazards" with prototype materials.
6. Verification of compliance with interim performance
criteria.
7. Modification analysis.
8. Completion and test of assembly.
The above items are required to be complete before the
next guarterly report. Any and all modifications required
before the prototype manufacture and test will be presented

no later than the next quarterly report date.
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Major problem areas and planned solutions.

Major problem areas to date have been analytically
resolved however, the ensuing test results will
provide verification of the analytical solutions.

For a discussion of the theoretical approach please

- refer to item IV. A of this report.

Data submittals.

Data for this section may be found in item T¥. D of this
report

Drawing list of proposed components.

1l. Lens (concentrating element) 4-25-495

2. Receiver tube element NI-01207-2

3. Attitude control schematic diagram NI-01157-1

4. Photo cell assembly drawing 4-25-127 and 4-25-127-1
5. Collector assembly drawing NI-01057

The drawings listed above may bei%gund at -the end of this
report. | o

Special Handling, Installation, Maintenance

At this stage of development this section is not applicable.
The next quarterly report will contain information appro-
priate to this section.

Hazards analysis.

At this time (prior to test) information for this section
is not available, after testing this item will be defined
and the next quarterly report will contain information

appropriate to this section.

—46-



Data Required for Prototype Review
The data reguired for successful completion of the
prototype review is that data which will eminent from

the testing program herein (Part IV J.2.3) described.

Government Furnished Instrumentation Delivery
At this time no government furnished equipment is
envisioned for the successful completion of the proto-

type development phase of this contract.
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Iv. J.1 COLLECTOR DEVELOPMENT PLAN

I. Concentrating Element

A. In order to meet the criteria set forth in the contract
(NAS8-32251) it has been determined that the concentrating element
must have a concentration ratio from similarity with other concentra-
ting collector designs of about 6 to 1 as a minimum, This initial ratio
has been determined from "similarity" with existing collector systeﬁs.

. Preliminarily, two types of concentrating elements haGe been reviewed -
ﬁhé reflective surface type and the~]ens type. The reflecting surface
type was rejected from further consideration because it could not meet
the overall requirements of the design when required size and longevity were
considered. The typical reflecting surfaces available today are only
75 - 80% reflective (requiring larger surface areas for the same Eoncen;
trating effect) and, from actual measured data, they will decrease in
efficiency (20% reductionj‘over a 20 year period. Other factors such as
tracking devices required, surface marking over periods of time, etc.,
indicated that the lens type concentrating collector would provide a more
acceptab]e solution to the problem. Accordingly then, the lens has been
preliminarily analytically developed from the assimilation of data on over
100 lens designs and configurations. The lens which has been decided upon
for prototype design is & 12 inch wide acrylic fresnel lens. Technical
data on this preliminary design decision may be found in other sections of

this report.

With the material and lens type fixed for prototype development, Tabie I
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will be followed to assure the provision of all items necessary for

the successful completion of the contract. The items shown in Table

I are defined below.

1.0
1.1
1.2
1.3
1.4
1.5
1.6

1.7

1.8

1.9

1.10

1.15.

Fabrication of the lens for test purposes
Provide fabrication drawings

Design facility for testing lens

Optical testing of the fabricated Tens
Determination of actual (tested) vs, analytical
Effectivity of the fabricated item

Variance determination of focal Tength with solar declination

variances.

Cost impa&t analysis

Verification of conformance with contract requirements

Energy benefit analysis to dete;mine:if modifications should be

made to improve concentration or“m&nﬁfacture

Perform integration analysis to assure compliance with overall

system configuration

Hazard analysis

Provide verification of compliance with interim performance criteria
Provide final alternate designs, if any, at prototype design review 1in
order to eliminate problems with tested lens

Provide documentation of quality control durin§ or after lens fabrication
process to assure consistancy in product.

Test integrated sub-assembly parts to assure overall compliance with

contract



1.16 Provide installation drawings

1.17 Acceptance test and data package

1.18 Independant test data correlation with facility testing
1.19 Provide final lens specifications

1.20 Provide applicable portions of operating and maintenance manuals

B. Objectives of Concentréting Element Phase Development

1. To provide a concentrating element which will meet or exceed the
requirements in the contract.

2. To provide a concentrating element which w{i1 meet or exceed the
applicable portions of the “interim performance criteria.

3. To provide a concentrating element which will be "repeatable® in
manufacture.

4. To provide a concentrating element which will be equal to or below
the costs indicated in the contract for quantity purchases.

5. To provide a concentrating element which is integratable with the

overall concentrator assembly.

II. Receiver Tube Element

A. In order to meet the criteria set forth in the contract, it has been
preliminarily determined that the receiver tube required should have an effective
absorber coating (black chrome) and because of the attitude control envisioned,
an evacuated glass jacket surrounding the receiver to reduce re-radiation of
collected energy. The technical report discusses the analytical work in this
area toldate. The receiver tube material, in addition, shall be capable of

supporting itself and the glass jacket when it is installed in the concentrating
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collector,

With the material and glass jacket type fixed for prototype development,

Table I will be followed to assure the provision of all items necessary for

the successful completion of the contract. The items shown in Tqb]e I are

defined below.

2.0
2.1
2.2
2.3
2.4
2.5

NN N NN
o

.10

2.16

Fabrication of receiver tube assembly

Provide fabrication drawings

Design facility for testing receiver tube

Vacuum testing of jacket and seals

Heat loss testing of the entire receiver tube

Determination of actual {tested) vs. analytical

Effectivity of the fabricated item

Variance determination of additional loss due to solar declination
Cost impact analysis

Verification of conformance with contract requirements

Energy benefit analysis to determine if modifications should be made to

improve components or manufacturing process.

Perform integration analysis to assure compliance with overall system con-

figuration

Hazard analysis

Provide verification of compliance with interim performance criteria
Provide final alternate designs, if any, at prototype design review in
order to eliminate probiems with tested receiver assembly

Provide documentation of quality control during or after receiver tube
fabrication process to assure consistdancy in product.

Test integrated sub-assembly parts to assure overall compliance with
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contract
2.17 Provide installation drawings
2.18 Acceptance test and data package
2,19 Independant test data correlation with facility testing
2.20 Provide final receiver tube element specifications

2.21 Provide applicable portions of operating and maintenance manuals

B. Objectiées of Receiver Tube Element Phase Development

1. To provide a receiver tube element which will meet or exceed the re-
guirements in the contract.

2. To provide a receiver tube which will meet or exceed the applicable
portions of the interim performance criteria.

3. To provide a receiver tube element which will be “repeatable" in
manufacture.

4. To provide a receiver tube element which will be equal to or below
the costs indicated in the contract for quantity purchases.

5. To provide a receiver tube.element which is integratable with the over-

all concentrator assembly.

ITI. Casing Element

In order to meet the criteria set forth in the contract it has been prelimina-
rily determined that the casing element must rotate about the receiver tube and
support the concentrating element. The casing will, in addition be required

to support itself and the concentrating element during all "attitude" positions.
By similarity to other concentrating co11ector types, it has been preliminarily
determined that galvanized sheet metal fabrications in the general shape shown
in the enclosed drawings will be sufficient to meet the requirements of this

contract, The rotation points however, will of necessity, have to be designed

-53-



to provide relatively friction free movement over an insulated receiver
tube assembly. The casing shall be supported as it is presently envision-
ed, from the manifold framing assembly and-this-suppoft connection shalt

also rotate upon demand of the attitude controller.

With the material and rotation points fixed for prototype development, Table
I will be followed to assure the provision of all items necessary for the
successful completion of the contract. The items shown in Table I are defined
below.
3.0 Fabrication of the casing assembly for test purposes
3.1 Provide fabr‘ica’tion drawings
3.2 Design facility for testing casing
3.3 Rotational testing of the fabricated casing
3.4 Determination of actual {tested) vs. analytical resistances and forces
acting upon casing.
3.5 Effectivity of the fabricated item.
3.6 Cost impact analysis
3.7 Verification of conformance with contract requirements.
3.8 Energy benefit analysis to determine if modifications should be made to
improve casing or manufacture
3.9 Perform integration analysis to assure compliance with overall system
configuration
3.10 Hazard analysis
3.11 Provide verification of compliance with interim performance criteria.
3.12 Provide f%na] alternate designs, if any, at prototype design review in

order to eliminate problems with tested casing
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3.13 Provide documentation of quality control during or after casing
fabrication process ta assure consistancy in product.

3.14 Test integrated sub-assembly parts to assure overall compliance
with contract,

3.15 Provide installation drawings

3.16 Acceptance test and data package

3.17 Independant test data correlation with faciiity testing

3.18 Provide final casing element Specifications

3.19 Provide applicable portions of operating and maintenance manuals

B. Objectives of Casing Element Phase Development

1. To provide a casing element which will. meet or exceed the requirements
in the contract. l

2. To provide a casing which will meet érrexceed the applicable portions
of the interim performance criteria.

3. 'To provide a casing element which will be "repeatable" in manufacture.

4, To provide a casing element which will be equal to or below the costs
indicated in the contract for quantity purchases.

5. To provide a casing element which is integratable with the overall

concentrator assembly.

IV. Manifold Elements

A. In order to meet the criteria set forth in the contract it has been preliminari-
1y determined that the manifold elements must support the receiver tube element,
the casing element, the concentrating element, the attitude control assembly as
well as the weights of its own parts and associated wind loadings. fhe mani-

fold assembly shall in addition be developed to be supported by a framing
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system and this system will support the entire assembly. The manifold
elements shall be designed from "similarity"” with existing concentrating
collector designs. However, while the materials and methods of fabrication
are "in house technology", development is required for the "loading" var-
jances {with the present design) as well as the casing and receiver tube
element connections. The development of expangion compensators within the
manifold system as well as the adequate prevention of heat loss from the mani-

fold is also required.

wjth the materials and variablie parameters fijxed for prototype development,
Table I will be followed to assure the provision of all items necessary for
the successful completion of the contract. The items shown in Table I are
defined below,

40 Analytical evaluation of manifold and arrangement proposed.

41 Fabrication of the manifold element for test purposes

42 Provide fabrication drawings

43 Design facility for testing manifold arrangement

44 Performance testing of the fabrice{téd manifold arrangement

45 Determination of actual (tested} vs. analytical

46 Effectivity of the fabricated item

4.7 Cost impact analysis

48 Verification of conformance with contract requirements

49 Energy benefit analysis to determine if modifications should be

made to improve heat loss or manufacturing process
410 Perform integration analysis to assure compliance with overall system

configuration
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4,11 Hazard ana]ysis'

4,12 Provide verification of compliance with interim performance criteria

413 Provide final alternate designs, if any, at prototype design review
in order to eliminate problems with tested manifold elements

4.4 Test integrated sub-assembly parts to assure overall compliance with

contract
415 Provide installation drawings
416 Acceptance test and data package
417 Provide final manifold specifications
418 Provide applicable portions of operating and maintenance manuals
B. Objectives of Manifold Phase Development
1. To provide a manifold element which will meet or exceed the require-
ments in the contract.
2. To provide a manifold element which will meet or exceed the applicable
portions of the interim performance criteria. .- ‘
3. To provide a manifold element which wii] be "réﬁéatab]e" in manufacture.
4, To provide a manifold element which will be equal to or below the costs
indicated in the contract for quantity purchases.
5. To provide a manifold element which is integratable with the overall con-

centrator assembiy.

V. Attitude Element

A. In order to meet the criteria set forth in the contract it has been preliminarily
determined that the attitude element must rotate the casing element in accordance
with the variable position of the sun. The attitude element preliminarily has

been designed from similarity with existing concentrating collector designs.

While this control is in existance, further development is required to eliminate
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the physical problems associated with the tracking and to improve the stability

?f the

electronic tracking circuit.

dith the system fixed for prototype development, Table I will be followed

to assure the provision of all items necessary for the successful completion

of the
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

5.9

5.10

5.11
5.12

5.15
5.16

contract. The items shown in Table I are defined below.

Fabrication of the attitude control assembly g modified circﬁitry
Provide fabrication drawings

Design facility for testing assembly and control

Performance testing of the fabricated control assembly
Determination of actual (tested) vs. analytical

Effectivity of the fabricated item

Cost impact analysis

Verification of conformance with contract requirements

Energy benéfit analysis to determine if modifications should be
made to improve assembly or manufacturing process.

Perform integration analysis to assure compliance with overail
system configquration

Hazard analysis

Provide verification of compliance with interim performance criteria
Provide final alternate designs, if any, at prototype design review in
order to eliminate problems with tested assembly

Provide documentation of quality control during or after assembly fabri-
cation process to assure consistancy 1in product.

Test integrated sub-assembly parts to assure overall compliance with
contract

Provide installation drawings

Acceptance test and data package
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5.17 Independant test data correlation with facility testing

5.18 Provide final control and assembly specifications

5.19 Provide applicable portions of operating and maintenance manuals
B. Objectives of Attitude Element Phaée Development

1. To provide an attitude element which will meet or exceed the require-
ments in the contract.

2. To provide an attitude element which will meet or exceed the applicable
portions of the interim performance criteria,

3. To provide an attitude é]ement which will be "repeatable" in manufacture.

4. To provide an attitude element whiph will be equal to or below the costs
indicated in the contract for quantity purchases.

5. To provide an attitude element which is integratable with the overail

concentrator assembly.

VI. Concentrator Collector Assembly
In order to meet the criteria set forth in the contract it will be necessary
to assemble and test the var ious components to assure compliiance with the state-
ment of work. With the individual components fixed for prototype development,
Table 1 will be folowed to assure the provision of all items necessary for the
successful completion of the contract. The items shown in Table I are defined
below.

6. 0 Assembly of'components

6. i Assembly testing

6. 2 Interim performance criteria verification

6. 3 Verification fo sub-system performance specification

6. 4 Test data analyzation

6. 5 Fabrication Drawings
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6. 6 Installation, operation and maintenance manuals
6. 7 Independant testing certification
6. 8 Performance specifications

6.9 HazardsAAnalysis

6.10 Spare parts list

6.11 Procurement specifications

6.12 Installation drawings

6.13 Design data brochure

6.14 Acceptance test package

6.15 Quality assurance plan

6.16 Performance specifications

6.17 Warranty

6.18 Source control documentation

6.19 Shipment of completed assemblies.

B. Objectives of Collector Assembly Phase Development

1. To provide a collector assembly which will meet or exceed the require-
ments in the contract.

2. To provide a collector assembly which will meet or exceed the applicable
portions of the interim performance criteria.

3. To provide a collector assembly which will be “"repeatable" in manufacture,

4, To provide a collector assembly which will be equal to or below the costs
indicated in the contract for quantity purchases.

5. To provide a collector assembly which is integratable with solar system

designs.
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ITEM (NAME & PART NO,)

CONCENTRATING ELEMENT

TABLE 1

ORIGINAIL, PAGE IS

~ TT AT FrItT
OFPOORQUALATY

DEVELOPMENT PLAN

SCHEDULED COMPLETION DATE

REMARKS
ITEM NO, I DEVELOPMENT | QUALIFICATION| ACCEPTANCE
Quarterly Review 2-2-77 Preliminary Review
1.0 2-25-77
1.1 1-.25-77
1.2. 12-15-76
1.3, 3-11-77
1.4 3-18-77
1.5 3-~18-77
1.6 3-18-77
1.7 3-18-77
1.8 3-18-77
Modification Analysis 4.8-77 Analysis to be performed
- in conjunction with othen
tested items at this timd
1.9 4-8-77
1.10 4.8-77
Quarterly Review 4-15-77
1.11 3-18-77
1.12 3-18-77
1.13 6-10-77
1.14 6-10-77
1.15 6-3-77
1.16 6-10-77
Quarterly Report 7-1-77 Prototype Review
Quarterly Report 9-23-77
1.17 12-16-77-
1.18 12-16-77
1.19 12-16-77
1.20 *12-16-77 -
Quarterly Report 12-30-77 First Articte
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ITEM [NAME & PART NO.)

RECEIVER TUBE ELEMENT

TABLE I

DEVELOPMENT PLAN

SCHEDULED COMPLETION DATE

REMARKS -
ITEM NO., 11 DEVELOPMENT | ODUALIFICATION| ACCEPTANCE
Quarterly Report 2-2-17 Preliminary Réview
2.0 2-11-77
2.1 12-10-76
2.2 _ 1-13-76
2.3° 2-18-77
2.4 i 2-18-77
2.5 2-18-77
2.6 2-18-77
2.7 2-18-77
2.8 2-18-77
2.9 : 2-18-77
Mod1f1cat1on Analysis 4-8-77 Analysis to be performed
in conjunction with otheq
tested items at this t1mﬁ
2.10 4-8-77 ’
2.1 4-8-77
2.12 3-4-77
2.13 3-4-71
Quarterly Report 4-15-77
2.14 6-10-77
2.15 6-10-77
2.16 6-3-77
2.17 . 6-10-77
Quarterly Report 7-1-77 Prototype Review
Quarterly Report 9-23-77 -
2.18 12-16-77 ‘
2.19 12-16-77 rirst Article
2.20 12-16-77
2,21 12~-16-77
Quarterly Report 12-30-77
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ITEM (NAME & PART NO))

CASING ELEMENT

TABLE I

DEVELOPMENT PLAN
ITEM NO.III

SCHEDULED COMPLETION RATE

REMARKS

DEVELOPMENT

OUALIFICATION

ACCEPTANCE

Quarterly Report
3.0

Modification Analysis

3.1

3.2
Quarterly Report

3.3

(o~ e  JEG 5 8=

W W W W W W Www
] L]

_"_"_'_'.\D.

WRN—O

(%]
—t
.

3.15
Quarterly Report
Quarterly Report

3.16 :

3.17

3.18

3.19
Quarterly Report

2-2-77
4-15-77
4-8-77

4-8-77
3-18-77
4-15-77 -

6-10-77

. T
[ACEASEAS AV IS N N

?

~

]

FEE
I Bt BN
et B N N |

NS
v

[=)]
5
o
3
~d
~J

6-3-77
6-10-77
7-1-77
9-23-77

12-16-77
12-16-77
12-16-77
12-16-77
12-30-77

Preliminary Review

Analysis to be performed
in conjunction with
Fother items at this time

Prototype Review

Fitst Artic]é-
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ITEM {NAME & PART NO.)

MANIFOLD ELEMENTS

TABLE 1

ORIGINAL PAGE IS
OF POOR QUALITY

DEVELOPMENT PLAN

SCHEDULED COMPLETION DATE

REMARKS
ITEM NO.]'_V DEVELOPMENT | CUALIFICATION| ACCEPTANCE :
Quarterly Report 2-2-77 Preliminary Review
Modification Analysis 4-8-77 S
Quarterly Report 4-15-77
S 4.0 4-15-77 .

417 4-22-77

4.2 4-12-77

4.3 1-28-77 -

4.4 5-6-77

4.5 5-13-77

4.6 5-13-77

4.7 5-13-77

4.8 5-13-77

4.9 5-13-77

4.10 5-13-77

4.11 5-13-77

4.12 5-13-77

4.13 6-10-77

4.14 6-3-77

4.15 6-10-77
Quarterly Report 7-1-77 Prototype Review
Quarterly Report 9-23-77 .

4.16 12-16-77

4.17 12-16-77

4.18 12-16-77
Quarterly Report 12-30-77

First Article
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I1TEM {(NAME & PART NO.)

ATTITUDE ELEMENT

TABLE I

DEVELOPMENT PLAN

SCHEDULED COMPLETION DATE"

REMARKS
ITEM NO. vy DEVELOPMENT | DUALIFICATION] ACCEPTANCE
Quarterly Report 2-2-77 Prelimipary Review
5.0 " 3-4-77
5.1~ 2-18-77
5.2 1-15-77
5.3 3-11-77
5.4 3-25-77
5.5 3-25-77
5.6 3-25-77
5.7 3-25-77
5.8 4-8-77
5.9 ' 4-8-77
Modification Analysis 4-8-77 |
5.10 4-8-77
5.11 4-8-77
Quarterly Report 4-15-77
5.12 6-10-77
5.13 6-10-77
5.14 6-3-77
5.15 6-10-77
Quarterly Report 7-1-77 Prototype Review
Quarterly Report 9-23-77
5.16 12-16-77
5.17 12-16-77
5.18 12-16-77
519 1R-16-77
Quarterlv Report -65- 12-30-77 First Article
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ITEM (NAME & PART NO.)

CONCENTRATOR TABLE I
COLLECTOR ASSEMBLY

DEVELOPMENT PLAN .~ SCHEDULED COMPLETION DATE- REMARKS

ITEM NO. yI DEVELOPMENT | CUALIFICATION] ACCEPTANCE

7 _ Preliminary Review

7 Analysis to be perform-
- ed in conjunction with
other tested items at
this time

QuartérTy Report 2-2
Modification Analysis 4.8-

Quarterly Report

DO OO
. e 4
Gl WPy =y

5 tS e
— ol

¥y Report -1-77 Prototype Review
y Report p-23-77

Quart
Quart

-

i
—
o
L
T
]
~d

- 1-20-78
1-20-78
1-20~78

OO Oy Y
- L) - - . L] - [ - - » [ -

CODNOOUmMBWN—D
-—
N
t
t—
7
~J
~J
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VERIFICATION PLAN
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VERIFICATION MATRIX
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ITEM {NAME & PART NO.} VERIFICATION CROSS
Concentrating Collector REFERENCE MATRIX

. 1. SIMILARITY 3._INSPECTION ~_ nJA__ NOT APPLICABLE
VERIFICATION METHOD: "\ vig 4._TEST

VERIFICATION PHASE

PERFORMANCE REMA#KS
REQUIREMENT DEVELOPMENT JQUALIFICATION] ACCEPTANCE
_3th:5ystem Design

Initial Design 1 4 4

A Prototype Design 2 4 4

B First Article T 3 4

C Hardware Review 1 3 ‘4 ’

2. Residential

Interim Performance
Criteria
1.2.4 1 2 N/A
1.3 1 2 4
1.3.1 1 4 4
2.1 1 4 4
2.1.1 [ 3 4
2.1.2 1 4 3
2.1.3 1 2 1
2.1.4 1 2 1
2.1.5 1 * 2 ]
2.1.6 1 2 4
2.1.7 1 2 2
2.1.8 N/A N/A N/A
2.2 1 .2 2
2.2.1 1 .2 2 (HEK}HQaJJIRAESBIS
2.2.2 ] 2 2 OF POOR QUALITY!
2.2.5 1 2 4
2.3 1 2 4

FIGURE 6 — VERIFICATION MATRIX

- C-5
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ITEM {(NAME & PART NO.)

VERIFICATION CROSS
REFERENCE MATRIX

4 VERIFICATION METHOD:

1. SIMILARITY

3._INSPECTION

N/A___NOT APPLICABLE

2, ANALYSIS

4, TEST

PERFORMANCE
FZOUIREMENT

VERIFICATION PHASE

QUALIFICATION

ACCEPTANCE

BEMARKS

DEVELOPMENT

‘ 2.3.1 . 1. a. 4
2.3.2 1 4 4
2.0, 1 2 -

S 2.4.1 . 2 4
2.4.2 1 2 3
2.7.1 1 ] 1
2.8 1 1 2
2.8.1 N /A N/R N/A
3.1 1 2 2
3.1.1 1 2 2
3.1.2 ] 2 2
3.2 ] 2 2
3.2.1 1 2 2
3.2.2 1 2 2
3.2.3 N/A N/A N/A
3.2.4 1 2 2
3.3 1 2 2
3.3.) 1 2 2
3.3.2 ] 2 4
3.4 1 2 2
3.4.1 ] 2 2
3.7 1. 2 2
3.7.1 1 2 2
3.8 1 2 2

FIGURE 6 — VERIFI

c-5
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ITEM (NAME & PART NO.) VERIFICATION CROSS

REFERENCE MATRIX -
. 1._SIMILARITY 3. INSPECTION °“-N/A__NOT APPLICABLE
VERIFICATION METHOD: ™, e 4._TEST
PERFORMANCE VERIFICATION PHASE CEMARKS
REQUIREM ENT, DEVELOPMENT | QUALIFICATIONY ACCEPTANCE
- 3.8.1 , N/A N/A N/A
3.9.1 ] 3 3
1 1 1 2
4.1.1 1 1 2
4.1.2 ] 1 2
4.2 1 2 2 3?%%%%@%%3
4.2.1 1 1 2
4.2.2 1 1 1
4.3 - 1 1 2
4.3.1 1 1 1
4.4 1 1 3
4.5.2 1 ] 3
4.6 - 1 2 2
4.6.1 1 2 .3
4.7 1 . 2 3
4.7.1 1 2 .3
5.1 1 2 2
5.1.1 1 2 b
5.1.3 1 2 2
5.1.4 1 2 4
5.1.5 1 2 4 :
5.1.6 ] 2 2
5.2 | ] 2 2
5.2.] ) 2 2
FIGURE 6~ vemﬂcgiom MATRIX
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ITEM (NAME & PART NO.)

VERIFICATION CROSS

VERIFICATION METHOD:

REFERENCE MATRIX
1. SIMILARITY 3 _ANSPECTION _ N/A__NOT APPLICABLE

2, ANALYSIS

4._TEST

VERIFICATION PHASE

PEZFORMANC
Q:-OUle’MENE DEVELOPMENT | OUALIFICATION ACCEF';;IJC_EA REMARKS.
5.2.2 1 1 1
; K.2.3 L] ? 2
5.2.4 1 2 4
E 5.2.5 2 2 4
5.2.6 2 4 4
% 5.3 2 2 2
: 5.3.1 1 1 !
5.3.2 1 2 2
5.3.4 ] 2 2
k 5.4 1 2 3
5.4.1 1 2 2
6.1 1 3 3
6.1.1 1 3 3
6.1.3 i 1 ]
6.1.4 1 1 1
6.2 2 3 4
6.2.1 2 3 4 .
6.2.2 2 3 4
6.2.3 1 2 3
6.2.4 L 3 3
6.3 1 3 3
6.3.1 1 3 3
6.3.2 1 3 3
11.2.1 1 2 2

FIGURE 6 — VERIF

=72~
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ITEM NAMEBPARTNO) VEQIFICATION CROSS ]
REFERENCE MATRIX
. 1. SIMILARITY 3. INSPECTION N/A__NOT APPLICABLE
VERIFICATION METHOD: ")\ 0 veis 4. TESY
PERFORMANCE VERIFICATION PHASE HEMARKS
NEQUIREMENT DEVELOPMENT | DUALIFICATION | ACCEPTANCE
11.2.2 1 2 4
1731 1 2 4
3. Commercial .
Intérim Performanc
Criteria 7 : ORIGINAL PAGE IS
13 . A x OF POOR QUALITY
1.3.1 1 4 4
2.1 1 2 4
2.1.1 1 2 4
2.1.2 1 2 2
2.1.3 1 2 4
2.1.4 1 2 4
2.1.5 1 2 2
2.1.6 . 1 2 "4
2.1.7 1 2 4
2.1.8 N/A N/A N/A
2.2 1 \ 2 4
2.2.1 1 2 3
2.2.2 1 2 3
2.2.4 1 2 2
2.2.6 1 3 4
2.3 1 4 4
2.3.1 1 3 q

- ?3.
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ITEM (NAME & PART NO.)

—_—

VERIFICATION CROSS

REFERENCE MATRIX

VERIFICATION METHOD:

1._SIMILARITY 3. INSPECTION  N/A NOT APPLICABLE

2._ANALYSIS 4. TEST

VERIFICATION PHASE

; PERFORMANGE REMARKS
REGUIREMENT 1 oeverorment [auatirication] acceprance |
A 1 3 3
2.4.2 1 3 3
2.7.1 1 2 2
2.8 1 2 2.
3.1 ] 2 2
3.1.1, 1 2 2
3.2 1 2 2
3.2.1 1 2 2
3.2.2 1 12 2
3.2.3 N/A N/A N/A
3.2.4 L 2 2
3.3 1 2 2
3.3.1 1 2 2
3.4 1 2 2
3.4.1 1 2 2
3.7 1 2 4
3.7.1 1 2 4
3.8 1 2 2
3.9 1 2 4
3.9.1 1 2 4
4.1 1 2 4
4.1.1 1 2 4
4.1.2 1 2 4
4.2 ] 2 2

FIGURE 6 — VERIFICATION MATRIX

- C-5
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'TEM INAME & PARTNOD VERIFICATION CROSS
REFERENCE MATRIX
1 VERIFICATION METHOD: ;: imttz,';} i’_ :f;?mm NA_NOTAPPLICASLE —
S REORMANCE VERIFICATION PHASE CEMARKS
A QUHREMENT DEVELOPMENT | QUALIFICATION] AccepTANCE
7.2 ] 2 2
4.2.2 1 2 2
4.3 1 2 -2
4.3.1 1 2 2
4.5.2 1 2 3
4.6 ! 2 3 831%\8%1' PAGE'IS
4.6.1 1 2 3 QUALITY
4.6.4 1 2 2
4.7 1 2 2
1 4.7.1 1 2 4
5.1 1 2 3
5.1.1 1 2 2
5.1.3. 1 2 3
5.1.4 ] 2 4
5.1.5 1 2 4
5.1.6 - 2 2
5.2 1 2 4
5.2.1 1 2 2
5.2.2 1 2 2
5.2.3 1 2 4
5.2.4 1 2 3
5.2.5 4 2 4
5.2.6 1 2 2
5.3 1 2 4

FIGURE 6 — VERIFICATION MATRIX

- 75~
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ITEM (NAME & PART NO.)

VERIFICATION CROSS
REFERENCE MATR X

VERIFICATION METHOD:

1. SIMILARITY

2. ANALYSIS

3. _INSPECTION

N/A___NOT APPLICABLE

4. TEST

VERIFICATION PHASE

P!‘;_FEFORM{J.NCE REMARKS
HEQUIREMENT DEVELOPMENT | QUALIFICATION] AcCEPTANCE :
RN . 1 F 2
5.3.2 1 2 2
5.3.3 1 2 2
5.4 1 3 4.
5.4.1 1 3 2
6.1 i 3 3
6.1.1 1 3 3
6.1.2 1 3 3
6.1.3 1 3 4
6.1.4 1 3 4
6.2 N 2 3
6.2.1 1 2 4
6.2.2 | 1 2 2
6.2.3 1 2 2
6.2.4 1 2 Z
6.3 1 * 2 2
6.3.1 1 2 2
6.3.2 i 2 2
11.2.1 1 2 3
.22 i 2 3
11.3 1 2 3
11.3.1 1 2 3

FIGURE 6 — VERIFICATION MATRIX
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http:METHOD:2.ALYI4.ES

IV. J.2. VERIFICATION PLAN

2. Description of Test Hardware:
The test hardware required to perform the development and
acceptance testing required in this coﬁtract is discussed below.
Most of the equipment can be utilized for quality assurance and
control and therefore, the acquisition of these items will serve
dual purposes.
a. Solar Radiation Measurement.
Since proper testing of concentgating collectors requires a
pyrheliometer, the Eppley standard pyrheliometer, with a sun-
following mount and a clock drive have been procured. This
is recognized by the World Meteorclogical Organization (WMO)
as a Class 1 instrument and is the standard for measuring direct
normal insolation.
For measuring total global insolation, an Eppley PSP pyranometer
has been procured, and this also is classified by WMO as a
Grade 1 instrument. These are the finest solar radiometers
which can be obtained at the present time, and they will enable
both the direct and the diffuse insolation to be measured
continuously during each test, in conjunction with the re-
cording instruments specified below. By the use of absimple
shading disk, to be fabricated by Northrup, the diffuse radiation
can be measured by the Eppley PSP pyranometer, and thus the
raéio of direct radiation to diffuse and direct to total can be
obtained accurately. These instruments will have been cali-
brated by the Eppley Laboratories when they arrive, and they
will be compared with similar instruments at the University of

Texas at Arlington from time to time, to ensure stability of
calibration.
-]



VERIFICATION PLAN (Cont'd.)

b. In order to measure -the insolation with sufficient

accuracy, a Type 73-310-05 millivolt potentiometer, manu-
factured by Biddle, has been procured. This iﬂstrument is

the finest of its kind, and it can measure accurately to better
than 0.1 percent, thus meeting the reguirements of ASERAE

93-P for both inscolation and temperature measurements.

c. A two-pen recorder, Houston Instrument Type A-5211-2
Omniscriber has been obtained. This is a two-pen recorder
which meets the requirements of ASHRAE 93-P. It will be used
for many purposes, but primarily for continuous recording of

the signals from the Eppley pyrheliometer and pyranometer.

d. In order to record, either in millivolts, as in the case
of the radiometers and the flow meter which will be mentioned
later, or the thermocouples and thermopiles which will be used
to measure temperatures and temperatufe differences, a Type
2240-A Fluke Datalogger has been procured. This also meets
vthe standards set by ASHRAE 93-P for precision and accuracy,
and it will permit all of the necessary data for any given
test to be displayed and recorded in digital form.

€. Flow measurement will be handled by an E.F.M. electronic
turbine-type flow meter, with a range of 0.24 to 2.4 gallons
per minute. This instrument has special bearings té permit it
to operate in the range 6f 300 F and 70 to 75 psi pressure.
Such conditions will be attained when the concentrating collector

is operating at the upper part of its capability range.

~78-



VERIFICATION PLAN (Cont'd.)

f. Wind speed and wind direction will be measured by Texas
Electronics Instruments, Type TV-102 for wind speed and Type
2010 for wind direction. These produce millivolt signals

which are compatible with the Datalogger.

g. For the purpose of calibrating the many thermocouples and
thermopiles which will be needed in the test program, the

ERCO precision mercﬁry—in-glass thermometers have been pro-
cured. These can measure temperatures up to 394 F, and they
are traceable to NBS Standards. In addition, six high pre-
cision, 200 F thermometers will be procured, for guick measure-
ments of temperature which do not require the precision of

the ERCO instruments. The latter wiil-be used as standards

for calibration purposes.

h. Water temperature differences will be measured by 10-
junction thermopiles, to be built by Northrup in strict com-
pliance with the requirements of 93-P and the applicable codes.

These will be made from Type T thermocouple wire.

i. Type T thermocouples (copper-constantan) thermocouples
will be used for measurements of wet bulb and dry bulb tempera-
tures throughout the system. By proper calibration, these

can attain the precision and accuracy required by 93-P.

j. A weather shelter meeting the standards set by the ASHRAE
requirements will be prepared by Northrup and mounted on the

factory roof, close to the platform on which the testing will
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VERIFICATION PLAN (Cont®d.)

j. be mounted in immediate proximity to the collector

which is being tested, as required by ASHRAE 93-P.

k. For purposes of calibration cf flow meters, a weigh tank
and scale will be used with a stop watch. It is recognized
that any turbine-type flow meter requires frequent cali-
bration, and provisions will be made, if it proves to be
necessary to do so, to determine the calibration with hot
water, and then reduce the temperature so that £he water flow
rate can be measured precisely by the most accurate method

now known, a calibrated scale with a weigh tank and an accurate

stop watch.

1. Pressure transducers, also compatible with the datalogger,
will be used to measure the actual pressures and the pressure
drops across the collectors. Pressure 4drops aré_gkpected to
be very small, but reliable strain-gauge type transducers are
available which can handle this situatién. Actual pressures
will be measured with calibrated pressure gauges, but the
anticipated pressure drop is so low that this probably cannot
be detected accurately by pressure gauges which are quite

adequate for actual pressure measurements.

" It is anticipated that the instruments cited above will enable a test
facility to be assembled which can meet all of the accuracy and

other requirements of ASHRAE 93-P, and since that document is more
strigent in its reguirements than the original NBS test procedure,

the NBS requirements will automatically be met.

-B80—-



VERIFICATION PLAN (Cont®d.)

Since the proper mounting for a Northrup concentrating collector
is due north (not compass north) at the angle of the 16cal latitude
proper care will be taken to locate true north, and the precise
latitude of the plant site has been determined by the original--
property survey. It is close to 32 degrees north latitude, and

80 this angle will be used to establish the tilt angle for the

collectorsn
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IVv. J.2. VERIFICATION PLAN

3. 'Test Schedule:

There .are six basic tests. which must be performed to assure
‘ccompliance with the contract documents. These tests, depending
upon the results obtained, will reguire further materials
testing. It is for this reason that the test schedule indicated
below shows test completion dates rather than test initiation
dating. Each of the six tests shown below also has associated
with it the "Modification Test" completion date. This test is
reguired only if the testing of components now envisioned for
the collector assembly will require modification for assembly,
energy/benefit considerations, cost ete. These tests will only
be performed it it is decided that a change from the proposed

design will significantly improve the delivered product.

TEST SCHEDULE -

Test Modification

Element Complete Test
Concentrating 3-11-77 6-3-77
Interim Performance

Criteria Verification 3-18-~77 6-3-77
Integrated Assembly 6-~3-77 6-10-77
Test
Receiver Tube

Vacuum Test 2~18-77 6—-3-77

Heat Loss Test 2-18-77 6-3-77
Interim Performance

Criteria Verification 3-4-77 6—10-77_
Integrated Assembly Test 6-3-77 6-10-77
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VERIFICATION PLAN (Cont'd.)

TEST SCHEDULE (Cont'd.)

Test Modification

Element Complete Test
Casing 4-28-77 6-3-77
Interim Performance

Criteria vVerification 4§-28-77 6-3-77
Integrated Assembly Test 6-3-77 6-10-77
Manifold 5-6~77 6-3~77
Interim Performance 5-13-77 6-3-77

Criteria Verification
Integrated Assembly Test 6—-3-77 6-10-77
Attitude 3-11-77 6-3-77
Interim Performance -

Criteria Verification 4-8-77 6-3~-77
Integrated Assembly Test 6-3-717

Concentrator Collector Assembly

6-10-77

Assembly Test 6-3-77 6-10-77
Interim Performance

Criteria 6-10-77 6-15-77
Independent Test

Verification 12-16~77
Acceptance Test 12-16-77

Final Test Before

Shipment - 1-20-78
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4.

q.2. VERIFICATION PLAN

Level of Development and Testing Required:

a. With the collector configuration fixed for prototype
design, the development plan indicates testing periods
for the various sub components which will provide the
gualification needed to adhere to the requirements of the
contract. The development plan indicates specific re-
evaluation points (before prototype assembly) to assure
that the performance specifications and the interim per-
formance criteria are met. Further development after
initial sub assembly component testing will be regquired
only if the performance specifications cannot be met, or
if an energy/benefit analysis indicates that furthér
development would substantially improve the sub assembly

component..

b. Testing is required on the 5 major sub assembly com-—
ponents and the completed assembly to assure the government
that the conditions of the contract are met. The individual
components as described in the development plan and as
further defined in the performance specifications will be
tested to determine not only their performance but also

their reliability. Should an item defined in these documents
"fail" during testing it shall be re-evaluated and when

the fault has been defined, it shall be re-tested for con-

formance with the specifications.
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VERIFICATION PLAN (Cont'd.)

c. In order to meet the requirements of the verification
matrix (Item IV J.2.(1l) abocve), the collector assembly will
be tested where applicable in the verification matrix and
analyized where systems rather than the collector assembly
component information or requirements are required.
Structural information shall be analized rather than tested
to prove adequacy sinre the materials utilized are known
structural quantities regquiring no further testing when
assembled acgording to recognized structural engineering

practices.
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J. 3.QUALITY ASSURANCE PLAN

(a) Northrup, Incorporated will provide a factory qudlity control
program which will be in accordance with the intent of NASA-MSFC
interim performance criteria. Each collector assembly shall be

tested before shipment, to insure that it js leak free to 1 1/2

times its operating pressure and that the assembly meets the performance
criteria of the contract. While Fhe actual assembly has not been
rigorously defined at this stage of development, the following is an-
assurance program which will assure the quality of the major collec-
tor components and which will be updated as required during the course
of this contract.

The fabrication of the housing is checked for squareness when sheared
and formed after stops and djes have been set and re-checked for form
and alignment after assembly. Fixtures and jigs are employed in final
assembly to insure consistent quality, and measurements taken to verify
permissable tolerances. Housings are finally checked on concentrator -
type collectors and adjusted by cross tie rods to insuré tight and true

fit to lens.

Gauges of metals are verified before shipments are unioaded in our
facility and nonconforming materials are rejected and sent back to the

vendor or subcontractor.

The sun tracking mechanism is tested for acceptance in the following
manner:
(1) Control boxes checked for squareness, dimensions and weather

tightness.
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QUALITY ASSURANCE PLAN (Cont'd)

(2) Internal wiring, printed circuit board, motor, drive rod,
bearings, etc. are assembled and Tabels attached in control box
assembly in accordance with design drawings and wiring diagrams.
(3) Plexiglass parts for solar sensing devices {supplied by sub-
contractor) are checked for proper milling and dimensions. Reject-
ed parts are returned to sub-contractor, Sensing unit housings
are assembled with photovoltaic cells encliosed therein, and wired, all
in accordance with design and fabrication drawings, using cements
and adhes%ves recommended by manufacturer of plexiglass.
(4) Final inspection and testing of each completed tracking and
sensing mechanism is performed by a skilled technician and includes
inspections and tests for the following:

Alignment of motor, bearing and drive bolt.

Tightness of all fastening devices and wire terminal.

Accuracy of wiring and color coding.
The composite system is then energized to simulate field conditions,
using artificial light to activate photovoltaic cells. It is tested
throughout the entire travel including function of Timit switches
and cycling of motor direction to approach actual sun tracking. Any
malfunctioning is corrected and all component parts found to be in-

operative are returned to sub-contractor or vendor.

In addition, an assembled collector shall be removed from the
production 1ine during the produc?ion run and subjected to perfor-
mance testing using. ASﬁRAE standards to assure the purchaser
of consistent quality in the delivered product. If the government

should elect to purchase more than 300 square feet of this collector,

_87_



QUALITY ASSURANCE PLAN (Cont'd)

one collector in each 100 production units wiil bé subjected

‘to the above testing.

(b) Northrup,Incorporated is a corporation organized and existing
under the laws of the State of Texas, having its principal office
and place of business in the city of Hutchins in the State of Texas.
The organization is not bound by any prior agreements to utilize any
materials in its collector designs. The patents on various existing
collector compenents are wholly owned by Northrup, Inc. This quality
assurance plan is the one regularly employed in the normal business

practices of Northrup, Incorporated.

{c) The inspection plan will be as outlined in (a) above and shall
include shipping dinspection to assure the purchaser that:

1) Materials shipped are those specified.

2) Materials shipped are correctly packaged

3) A1l certifications, erection instruétions and packing siip

have been provided.

{(d) The 84,000 square foot facility of Northrup, Incorporated includes
the equipment needed to accurately test the solar collectors it manu-
factures. Test procedures, data collection, calculation, and reporting
essentially conform to the recommendations of the National Bureau of
Standards - "Method of Testing for Rating Solar Collectors based on
Thermal Performance®, J. E. Hi1l and T. Kusuda, NBSIR 74-635 and pro-
posed ASHRAE Standard 93-P. 1In addition, all the equipment necessary
for Underwriters Laboratory approval (U.L.) and the American Refrigera-

tion Institute approval (ARI) for HVAC units is also contained within
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QUALITY ASSURANCE PLAN (Cont'd)

the facility.

(e) The materials and processes used to assure the collector qua-
Tity for all but performance testing are indicated in (a) above.
Performance testing will utilize the equipment indicated in the
verification section of this report.

(f) Records of all inspections and tests shall be maintained in
fhe project Tog book and will be avajlabie for inspection of the

N

government’s representative upon request,
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PRELIMINARY EQUIPMENT SPECIFICATIONS

The following preliminary physical pro_ 3 of the
collector assemblf are enumerated to allow for

prototype development.

(a) Casing Element:

1. Bottom and Sides: 20 gauge hot dipped
galvanized steel.

2. End Plates: 16 gauge hot dipped galvanized
steel.

3. Self lubricating bearings - Steel housing
with plastic based self lubricating bearing
material to withstaéﬁutemperatures of 500°F.

(b) Concentrating Element:h

1. Aperture: 12" x 120"

2. Type: Transparent, Curved (Modified) "Fresnel",
Refracting prismatic lens

3. Material: Acrylic Plastic

4. Optical Properties:

a) Transmissivity 0.92

b) Absorptivity 0.005

¢) Focal Length 12"

d) 1Index of Refraction: 1.49

e) Lens Life: 20 year minimum with 5%

discoloration.
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PRELIMINARY EQUIPMENT SPECIFICATIONS (Cont'd.)

()

(d)

5.

6.

End Seals to Assembly: Caulking

Side Seals to Assembly: Mechanical Interlocking Edges

Receiver Tube Element:

1.

Material: ASTM Standard for type "L" hard drawn copper
tube 0.055 wall thickness. Glass tube - Corning type
0080 or similar. Index of refraction 1.5 and overall
transmission 90%.

Dimensions:

a) Metal Tube: 1" Tubing.

Absorption Aréa 11/8" x 120" = 0.94 Sg. Ft.

b) Glass Tube: 2.125" Dia. OD
Transmission Area 2.125" x 126" = 1.86 Sqg. Ft.

Metal Tube Selective Coating:

a) Type: Specular nickel, black chrome, electroplating
process, NASA specification, without polishing.
700°F maximum temperature.

b) Properties: 0.95 absorptivity, emissivity 0.15.

c¢) Expected life: 5 yeaxrs minimum durability.

Attitude Control Element:

1.

General System: Conversion of solar energy into electrical
energy through two photovoltaic cells, applied through

an integrated circuit to cyle a two-directional drive

120V. 60hz. motor. Photovoltaic cells are positioned to
sense radiation from east and west directions. When both
cells are producing equal energy, drive system is de-

energized. When produced energy is un-equal, they signal
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PRELIMINARY EQUIPMENT SPECIFICATIONS (Cont'd.)

1.

the drive system to track toward the point of equalization,
which pesitiens the collector at the andglée required to

maintain focal point of lens on the absorber tube.

Drive Mechanism: Consists of the controlled drive motor
(through a system of reduction gears) propelling ip two
directions a steel aircraft cable which is coupled to

each collector in the array by means of pulleys. The

cable is a continuous loop which allows the cable to drive
each collector to east or west in unison with the collector

that is controlled by photovoltaic cells.

Limits and Controls: Tracking will not operate unless
east cell is producing 1.0 MA of current. Adjustable
limit switches control maximum angie of tracking.‘ When
east cell produces less than 1.0 MA, tracking is'to the
east to await the morning sun. If skies are overcast,
tracking begips when sky is clear, and drive mechanism

catches up with sun.
Tracking Drive Speed: 2.59°/Min. or 38.85 x sun speed.
Accuracy of Tracking: Plus or minus 0.20°

Maximum number of collectors on one tracking system: 24,

when installed per instructions.
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PRELIMINARY EQUIPMENT SPECIFICATIONS (Cont'd.)

(e)

(£)

(g)

Manifold Elements:

The collector manifold assembly shall be formed of 16 gauge
galvanized steel except for closure piece. -The housing

cover shall be 20 gauge steel. The housing shall contain

Type "L" copper pipe, the all brass high pressure ‘connection
fitting and weafherproof flange bearing assoclated with each
collector. The manifold shall be insulated with 2.4 Lbs/Cu. /Ft.

of rigid fiberglass insulation.
All connecting hardware to provide a completed assembly.

Performance Specifications

(See Attached Sheets)
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Iv.

J © TEST PROCEDURES

- As now envisioned, the tested items shall be the sub-

assembly items which will affect the overall collector

assembly performance. The development plan defines these items
and briefly they are: The concentrating element, the receiver
tube element, the casing element, the manifold elements, and
the attitude element. Once testing and modification testing
of the individual components is accomplished, the entire
assembly will reguire testing-to assure that the delivered
contract items are in accordance with the performance

specifications.

Test procedures for each scheduled test with identification of
the item to be tested, the test objectives, and the pre-

requisites for passing or failing will be submitted 30 days

prior to each scheduled test.

Attached please find the following scheduled test procedures:

1. Receiver Tube Element.
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RECEIVER TUBE ELEMENT TEST PROCEDURE

I. Items to be Tested - Contractor Identification
Test No. NI 02057T
1. Absorber Tube: Copper Type "L" 0.055 wall thickness
1" O0.D. with black chrome coating.
2. Glass Tube = Corning Type 0080 or similar. Index
of refraction 1.5 and overall transmission 90%.

3. Brass seal or stainless steel seal 2" radius.

II. Test Objectives

1. To provide a manifold element which will meet or
exceed the requirements in the contract.

2. To provide a manifold element will meet or exceed the
applicable portions of the interim performance criteria.

3. To provide a manifold element which will be repeatable
in manufacturé.

4. To provide a manifold element which will be egual to or
below the costs indicated in the contract for quantity

purchases.

II1I. Test Facility Location & Test Date:
The tests will be performed at the Hutchins, Texas facility
of Northrup Incorporated. The tests will be completed on

or before 2-18-77.

Iv. Passing or Failing Criteria
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1. Receiver assembly to have a sustained Vacuuﬁ
(1 - 10 Microns ) during temperature variations
of 0°F through 400°F.

2. Receiver assembly to have an overall heat loss
efficiency of 66% (for a theoretical 75% collection
efficiency) at 200°F fluid temperature.

3. Cost of receiver assembly to be below equivalent -

assembly (66%) without evacuatioﬂ.

V. Steps for Test Conductance
Tests and procedures will be provided as recommended in
the proposed ASHRAE Standard 93-P. This standard provides
test methods and calculation procedures for determining

steady~state and quasisteady - State Thermal Performances.
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V.

DRAWINGS
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