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INTRODUCTION

I.



This document constitutes the certification and verification
of the Model NSC-01-0732 fresnel lens tracking solar collector.
Section II represents the certification portion of this report.

It consists of a certification statement with signatures from
four independent professional engineers and a separate report

on the structural analysis of the collector system. Section III
presents the system verification against the Interim Performance
Criteria‘'s for commercial (Document No. 98M10001) and residential
installations. Applicable paragraphs of the IPC's are indicated
by matrices which immediately preceed the verification discussion,

analysis, and test results. All test results are included in this

report rather than a separate section.
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CERTIFICATION



INTRODUCTION

This document constitutes the certification of the Northrup ML

Series Collector, Model NSC-01-0732.

CERTIFICATION STATEMENT

The ML Series concentrating Collector complies with the follow-

ing national codes where applicable:

National Standard Plumbing Code, National Association
of Plumbing-Heating-Cooling Contractors 1971.

f%ZZ?(TA~ /?iﬂ;/:

e
L]

PTofeSSLOnal Engineer:ﬂ

i

National Electrical Code 1975

\"u. ' ,)I&’U\FUQZ/

Profé551onal Engineer™

Building Code ANSI A58.1-1972
Applied to the Dallas/Ft.Worth Region
For Installations less than 30 ft. above ground

ngmc:;%a&/l%/

Profes#ional Engineer

I have reviewed the performance requirements, testing
procedures, test facility, and data for the ML Series
Concentrating Collector, Model NSC-01-732 under Con-
tract No. NAS8-32251. I am able to certify that the
collector satisfies those reguirements.

/,

st

Praé/$~}¢nal Enylgger
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3005 Hanover
Dallas, Texas 75223
May 28, 1978

Mr. Carl L. Jacobs

Northrup, Incorporated

302 Nichols Drive

Hutchins, Texas 75141

Dear Mr. Jacobs:

As you requested in your letter of April 20, 1978, and in

our discussion on May 2, 1978, at the Northrup plant, I

have examined the structural design of the supporting

system for the Northrup ML Series Collectors, Model NSC-01-0732.
My observations and evaluation of this system are enclosed.

It was a pleasure to work on this project. Please let me know
if you have questions or need additional information.

(

Sincerely,

ZW%

n Mohraz, Ph.D., P.E.



EVALUATION OF THE STRUCTURAL DESIGN OF THE
NORTHRUP ML SERIES COLLECTORS
MODEL NS(-01-0732

Analysis of the Supporting System

Several analyses of the supporting syptem were carried out
using the ACES (Analysis of Civil Engineering Structures) computer
program. The supporting structure was idealized as a zombination of
frame amd truss system since it is believed that the connections
at the upper ends of the south brace assembly and the north column
assembly are not completely rigid.

Four separate solutions were obtained for the following
load conditions: |
a. Dead load The analysis for this loading condltion was carried

out using the loads provided by Northrup which are based on the
actual weights of the components.

b. Live load The anlysis for this loading condition was carried
out based on a live load of 16 pounds jer square foot (psf)
which is the minimum roof live load specified by ANSI (Table 3
ANST A58.1-1972). It is believed that this load 1s more
appropriate than a live load of 4.67 psf (based on 1" thick
ice) used by Northrup. ;

c., Wind load Since it is conceivable that thls system may be
marketed in locations other than the Dallas-Ft. Worth area,
the analysis for wind load was based on a wind speed of 110
miles per hour (mph) which 1s specified by ANSI for the
coastal areas of the Gulf of Mexico, (Figure 2 ANSI A58.1-1972),
rather than a wind speed of 70 mph used by Northrup. Using a
wind speed of 110 mph, Exposure C which is specified by ANSI
for flat c¢mn1. country, open flat coastal belts, and grasslands,
and a heig! ' of less than 30 feet, a wind pressure of Lé psf
(Table 6 ANST 58.1-1972) was used 1in the analySis. ‘

Two iaependent wind directions were considered in the



solutions--one in the plane of the frame and perpendicular to
the plane of the collector, and the other in the plane of the
frame and in the horizontal direction. The side wind loading
is discussed separately.

The analyss<s indicate that the design of the various
members of the supporting frame is adequa%en The stresses in
the members were computed using the loading combinations
specified on p. 10 of ANSI. For each member the wind loading
which resulted in the larger stress in that member was used
in the combination. A summary of stresses in the members is
given in Table 1. The allowable width to thickness ratios
were computed usihg Section 2.3.1.1 of the Cold Form Specificaticn,
1968 edition. The stresses are well below the allowable limits.

Side Wind Loads
The design of the wind bracing system for the horizontal

side wind loads is based on a wind speed of 70 mph for heights
less than 30 feet. Although the design is adequate for this

wind speed, it will not be adequate for higher wind speeds encoun-
tered in other locations. If the system 1s to be used in other
locations,; the wind bracing needs to be increased by additional
bracing in other side panels, increasing the size of the bracing,
or a combination of both.

Deflections ‘

The solutions for different loading conditions indicate
that the deflections and rotations in the members and joints of
the supporting structures are extremely small,

Connections

Examination of the forces in the south brace‘and the north
column assemblies indicate that the design of the connections 1is
adequate. Proper anchoring of the supportirng system to the



foundation is necessary in order to avoid pull-out caused by
the wind loading. In addition the assembly of connections
should be properly carried out.

Collector Truss Assembly

The relatively small loads on each collector truss assembly
result in extremely small. stresses and deflections in the truss
element which are well below the allowable.

Conclusion
Based on the analysis for different loadirz conditions and
the examination of the structural design of the supporting
system for the Northrup ML Series Collectors, Model NSC-01-0732,
the following conclusions can be made:
1.The design of the supporting system is adequate for a live
load of 16psf and a wind load based on a wind speed of 70 mph
for heights of less than 30 feet above the ground. Since no
seismic analysis has been carried out, the system ghould not be
used in locations with a history of seismic activity.

2.With additional wind bracing, either by bracing more panels or us-
ing larger diameter rods, the design would be adequate for
locations with a wind speed of up to 110 mph (such as the coastal
belts), for heights of less than 30 feet above the ground and
no seismic activity,

3.Proper tie-down of the supporting system to the foundation is
necessary in order to avoid pull-out caused by the wind loading.
No analysis of the foundation was carried out since it depends
on the specific location where the system is to be installed.

L. The system can be certified for locations with no history of
seismic activity and a wind speed of up to 70 mph and heights of
less than 30 feet above the ground. |

May 28, 1978 6‘4&»\ %W/

Blgin ‘Mohraz, Ph.D., P. .




Table 1 Summary of Stresses

(a)

- Axial Bending
Member stress stress
psi psi
South brace 3374 C 433
, (b)
- Manifold Support 2159 C 811
" Manifold Strut 1179 C 809
Inclined Strut 1513 T 861
North Column 3529 C ' 415

(a) C = compression; T = tension
(b) Design of north manifold support governs

{c¢c) D = Dead load; I = Live load;

Loading
Combination

D+L+W

D+L+W

D+L+W

D+1L+W

D+L+W

W = Wind load

(horiz.)

(perp.)

(horiz.)

{perp.)

(perp.)

w/+t

allowable

93

116

157

91

w/t

actual

85
81

83

79
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1.2.4 OPEPATION IMPATRMENT

When domestic water is used as the heat transfer fluid, Codes
for potable water do not regu_i;gfheat exchangers for proper operation.
Other than the tracking module, all outside auxiliary energy sub-
systems are complimentary and are not to be considered as an integral
part of this system. The manifold system and absorbers are constructed
of type M hard copper tubing with a limited number of brass fitf;inés,
which are standards for damestic water systems. The tracking module
can be easily serviced, and any defective camponent therein may be
conveniently réplaced should any failure occur. A failure in either
the manifold system or tracking module will not impair the functional
capabilities of the solar powered portions of the hot water system

for time periods longer than those expected for conventional hot water

equipment.
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1.3.1. COLLECTOR EFFICIENCY

The 1977 Northrup production concentrating collector consists
of three main parts. They are the Fresnel lens, the sheet metal
collector housing, and the flattened absorber tube. Results of
an independent efficiency test for the collector are shown on the
| following pages. On the basis of these performance curves, it is
i evident that the efficiency criteria specified by this contract can
be met by a flattened absorber tube approach. Furthermore, the
Fresnel lens has been improved and now provides better concentration
of sunlight.’ By virtue of the above discussion, it was decided to
incorporate a flattened tube receiver (without an additional glass

convection suppressor) into the design of the new collector.

L

18
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TESTING OF SOLAR COLLECTORS ACCORDING *
TO ASHRAE STANDARD 93-77

'y .
0(’3‘ ‘577 . James E. Hill, Senior Mechanical Engineer

John P. Jenkins, Mechanical Engineer
Dennis E. Jones, Mechanical Engineer

Thermal Engineering Section
National Bureau of Standards
Washington. D.C. 20234
ABSTRACT
A proposed procedure for testing and rating solar collectors was publish-

ed by the National Bureau of Standapds.(NBS) in 1974. In early 1977, the Ameri-
can Society of Heating Refrigerating and Air-Conditioning Enginears (ASHRAE)
adopted ASHRAEL Standard 93-77 which is a modified version of the NBS procedure.
A test facility for water—cooled collectors and air heaters has been built
at NBS in accordance with this Standard. The purpose of this paper is to

briefly explain the recently adopted test procedure, describe the NBS test

facility, and to give typical test results for commercially available collectors.

NOMENCLATURE

A = cross—sectional area of the collector, m?

Cy = effective heat capacity of the collector, its components,
and the transfer fluid in the collector, J/°C

¢y = specific heat of the transfer fluid, J/(kg.s)

F' . = collector efficiency factor

Fp = collector heat removal factor :

I . = total solar energy incident upon Ehe plane of the collector
per unit time per unit area, W/m '

Iy = total solar energy incident upon a horizontal surface, W/ w2

Kar = incident angle modifier ) :

f ' = mass floy rate of the transfer fluid through the collector,

" kg/(s.m®)

4y = rate of useful edergy extracted from the collector, W

R "= ratio of total solar enargy incident upon a tilted surface
to that upon a horizontal surface

t, = ambient air temperature, °C , .

te = average temperature of the transfer fluid in the collecter,
o C . :

Lf o = temperature of the transfer flU?d leaving the collector, °C

tf'l : = temperature of the transfer fluid entering the collector, °C

UL' i = heat transfer loss coefficient for the collactor, W/(m2.°C)

.
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COLLECTOR EFFICIENCY, %
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Linear Fresnel Lens, Tracking Concentrating Collector
90 — Copper Absorber, Black-Chrome Selective Surface ]
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TOLERANCE - ABSORBER TUBES

A single lens concentrating collector module was tested on
3/4/78. It employed the lens and absorber tube that had
been proposed for use in the 4-lens collector. Due to
availability, the absorber coating was 3M Nextel paint
which has an absorpitivity of .98 as compared to about .95
for black chrome.
The resulting efficiency curve is shown on the nextkpage; For
black chrome coating the efficiency intercept is expected to be

n= (.95/.98) (80%) = 77.5%
while the slope of the curve should remain the same. Regarding
the 4-lens design, there are extra tolerances to take into
account, These tolerances are listed in Table 1. The safe
design approach would be to increase the width of the absorber
so that at least as much light would be gathered should the
tolerance limits be reached. That width turns out to be 1.72"
(ses table 1). A 1-1/4" nominal diameter copper tube flattened
to 1.78" has been pressure tested up to 150 psig in anticipation
of the new absorber design. See Pressure Test: Flattened Tube

3/23/78 for thé conclusions.
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THERMAL EXPANSION
ABSORBER POSITION

a= o, AAT = (9.2 x 16 w/m-)(210 w)(220% = 65°F)

A= .03 4
2 PLACES

APPROXIMATE ODESIGN TEMF, T ASSEMELY  TEMP

O ABSORBER WIDTH

* ‘/éq

TEST AESORBER - SINGLE LENS Cotd.

e [72

25
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TABLE 1 TOLERANCE

RELATIVE ALIGNMENT |

1. Inlet (or outlet) té absorber i,%/32
2, Inlet (or outlet) to housing ceﬁter + 1/32
3. Lens center to housing center + 1/32
Absorber Width + 1/64
Thermal Expansion o+ .03

MAX. DEVIATION 0.14 in

Test absorber - Single Lens Coilector = 1~7/16
Conservative Tube Size needed for the 4-Lens Collector

= 1-7/16 + 2 X 0,14 = 1,72 in
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PRESSURE TEST: FLATTENED TUBE

3/23/78
B
|
N R
— A

INTRODUCTION

A 1" nominal copper tube flattened to a width of about 1-1/2"

had originally been planned for use as the receiver in the 4-Lens
collector, However, when tolerances were taken into consideration
it became clear that an absorber widfh of about 1.7" was needed.
This required stepping up to a 1-1/4" nominal tube. Since the
exposed convective area of the tube is set, it is advantageous

to flatten it as much as possible in order to "pick up" stray
light from the lens, The limiting factor is internal pfessure.
The purpose of this test is to determine if a 1-1/4" nominal tube

flattened to 1.78" can withstand working pressures of 100 psi

(gauge) .

TEST PROCEDURE AND RESULTS

Pressure levels were maintained by filling the tube with nitrogen
gas. A Bourdon tube gauge with‘an accuracy of at least +5 psi
was ﬁsed. The tubevtested was 10 feet long. The results are
tabulated below, |

Type M Copper Tube, 1-1/4" Nominal Diameter Pre-Flattened

PRESSURE (psig) DIM, A DIM. B-
0 1,78 ; .88
50 ' 1.78 .38
- 70 ' 1,75 . 89
90 . 1.75 .91
110 1.75 , .94
130 1.73° : .95
150 1.72 .97
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The highest test value, 150 psi, is 50% higher than the
normal working pressure which verifies the practicality of
using a tube such as tﬁis in relatively high pressure sit-
uations. The recommended width for the 4-Lens absorber

tube is 1,.75".
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1.3.1 THERMAL PERFORMANCE (EFFICIENCY)

INTRODUCTION

Efficiency curves for a 4-lens collector panel were-détermined'”"

for 0° and 12° incidence. The test procedure used was similar
to ASHRAE’Stanaard 93-77, although somewhat abbreviated. .

EQUIPMENT | :
Two stainless steelssheéthédkType T thermocouples‘to measufe
thé collector inlet and outietvtemperatures; a variable area

flow meter to measure the flow rate through the collector; an

Eppley standard pyrheliometer (with a clock drive) for direct

insolation measurement; an Eppley pyranometer for total insolation

measurement; an anemometer for wind velocity measurement; a Type

2240-A Fluke Datalogger to record instantén@ous signals from

the thermocouples, pyrheliometer, pyranométér, and anemometer, a

thermocouple housed in a well ventilaﬁed instrumentation shelter

painted white on the outside to be used in measuring ambient
temperature.

CALIBRATION PROCEDURE:

1. Before the beginning of the efficiency tests, the thermocouple

used for the ambient temperature measurement was checked

against an Erco precision mergury-in-glass thermometer. Theybrr
were compared in ice water,taﬂd then in ambient air. In either
case, £he thermocouplé agreed to within i.SOF of the thermometer.
2. Prior to the efficiency tests, two stainless steel sheathed
thermbcouples were tested by placing them and the Erco pre-

cision mercury-in-glass thermometer in silicone heat transfer
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| f%uid that was heated to about 320°F. The fluid was allowed

to cool to about 60°F during which time the responses of the

three temperature measuring devices were periodically monitored.

In all cases, the thgrmocouples'agreed to within at least 0.2°F

of each other and to 0.3°F of the thermometey@hich was occas-

ionally checked.

|
The flow meter was calibrated by running water through it at

about 1l.7gpm which corresponds to the proposed test flow rate

through one collector panel. The actual flow rate was deter-

mined by rﬁnﬁing the water thréugh.the flow mégér into a i
weigh ;éhk while timing it, afterwards adjusting the flow-
meter scale correspondingly,. The procedure was repeated
until the flow rate was calibrated to better than +1.0%.

40 lbs. of water was useawbn the final calibration run.

The anemometer was calibrated by the manufaéturer pr%oi to
procuremehﬁgabout two years ago. Since wind Vélocit§”is

not a par% éf:the’efficiéncy calculation, and, because the'
readouts frém this instrument have agreed with local weather

services, no attempt will be made to calibrate it.

The Datalogger was calibrated by the manufacturer March 28§,

1978. Between calibration dates, which occur every six months,

the Datalégger should be accurate to within'i 1%.
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LIST OF SYMBOLS

collector aperture area

specific ﬁeatioflthe transfer fluid
direct normal insolation

total insolatipn

mass flow rate of the transfer fluid
collector efficiency %

ambient temperature

collector inlet temperature

collector outlet temperathre

31




TEST PROCEDURE THERMAL EFFICIENCY

1

The collector tilt angle was adjusted so that the lenses
were ‘approximately normal to the sun during the hours of
data accumulation which were two hours before solar noon
throughmﬁwo hours afterwardsi :

The watéffflow rate through the colléctbr panel was set

at about l.7gpm and recorded. During.the progress of the
test, the flow meter was checked every five minutes to en-
sure that the volume rate of flow did not change.

The pyranometer (total insolation measurement) was placed

on a tracking mount that maintained near normal incidence

to the sun. The pyrheliometer (direct insolation measure-
ment) was mounted on a clock drive which was aligned to the
sun during the test. Each instrument as well as the collector
aperture was wiped clean before the tests on each day.

Four different values of inlet fluid temperature were used

to obtain the values of (To—Ti)/Id, which is the abscissa

value in the efficiency plot. Fifteen "data points" were used

in the determination of the normal incidence efficiency curve.

A data point encompassed a five-minute time span in which the
total and direct insolation, the collector inlet and outlet
temperatures, and wind velocity were recorded at one-minute

intervals. The efficiency data point was then calculated as:

5

2 C(To - Ti)
n= n=1 m n
5 (AL )

d !
5

[

n=1
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which is essentially a numerical integration over the five-
minute time épan. 'The collector was allowed to stablized
before each test. During the five-minute intervals, the
inlet temperature did not change by more than O.GéF and the
average wind velocity was lower than 10mph for all tests.

The instantaneous_effiéiency curve was obtained using the
technique of a linear least-squares fit.

In order to dégermine the efficiency at lzoincidence, another
effidiencykvalue was determined in general accordance with the
methodsiﬁreﬁiéusly described. The collector panel was oriented
so that the average incident angle between it and the solar

radiation for the test was 12 degrees.
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RESULTS
The individual data pointg from the normal incidence test
are shown plotted on the first of the two efficiency graphs that

follow. Note that there is very little deviation of the points

from the fitted curve, indicating that test conditions had stablized.

2

The eguation for efficiency

n= .80 - .4986 (Ti - Ta)
(T

which is based on direct insolation only, was derived through the
use of a linear least-squares fit.

One of the performance requirements of this contrac£ states
that the collector efficiency on February 21 and August 21 be
the same or better than that of a performance specification which
is shown on the second graph. The collector orientation on these
two dates corresponds to a seasonal tilt angle of 12 degrees. The
efficiency curve for 12 degrees (based on insclation normal to the
plane of the colledtor) is

n=.79 - .4986 (Ti - Ta)
T )

which is nearly the same as the performance at normal incidenée.
Calculation of the 12° efficiency is included later in this repdrt.
The two curves are shown on the second efficiency graph relative
to the performance specification. It can be easily seen‘that the
performance specification is exceeded.

The second performance requirement of this contract is stated

below.

For Dallas Texas, the single solar collector willkcollect a
minimum of 1144 BTU/th/day of energy at an inlet fluid temperature

of 190°F (water). The tilt angle at this performance basis will

34
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be equal to the latitude angle, azimuth of 0 degrees, average
ambient dry bulb IOOOF, wind velocity zero, August 21 date,
direct normal noon solar flux of 283* BTU/Hr th, longitude

of 97° dégrees and 32O latitude.

When used primarily for heating a single collector will pro-
vide 1242 BTU/FtZ/daY at an.inlet fluid’temperature of 150°F
(wa;er). /The tilt angle at this pefformance basis is equal to
therlatitude angle, azimuth of 0 degrees, average ambient SOOF,
wind velociﬁyfzero, February 21 date, direct normal noon solar
flux of 316* BTU/Hr~Ft2, longitude of 97° ana 32° degrees latitude.

For the two dates mentioned above, a seasonal incidence angle
of 12O will be maintained throughout the day. Therefore, the
equation

n= .79 - .4986 (Ti - Ta)
( I )

is used in the calculation of the all day energy gain. The values
of direct normal irradiation are taken from the 1972 ASHRAE

Handbook of Fundamentals. The final calculations, based on eight

hours of sun tracking, are tabulated in the following pages. In
either case, the calculated energy gain is greater than the per-
formance requirements.

In conclusion, the 4-lens concehtrating collector was tested

according to the previously described procedures. Test data and

calculations are included in the following pages as verification.

The test results indicate that this collector exceeds the performance

requirements of Contract No. NA$8-32251.

*ASHRAE Handbook of‘Fundamentalg, American Society of Heating,
Refrigerating and Air Conditioning Engineers, Inc., 345 East
47th Street,New York, NY, 1972. :
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o '
: i’ Febhruary 21 ALL DAY ENERGY GAIN
; ’ n= .79 - .4986 (Ti - Ta)
i 1 )
i _ o
i T, = 150°F
T, = 500°F
i
i Ep must be larger than 1242 BTU/th/Day
Solar Time 8:00 9:00 10:00 11:00 12:00
| Ion 244 ;87 305 314 316
1 In+In+1l 265.5 296 309.5 315
s’! —
! Ti-Ta .377 .338 .322 .317
1

' n . 602 .621 .629 .632

Ep = 2 cos (12°) [(.602) (265.5) + (.621) (296) + (6 29) (309.5)+ (.632)
(315)]

= 1442.6 BTU/Ft2/Day 1242 BTU/Ft?/Day
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August 21 ALL DAY ®WERGY GAIN

= .79 - .4986 (Ti - Ta)
( I )

3
i

()
i 190°F

T = 100°F

=
—
N
o
i

E, must be larger than 1144 BTU/th/Day

Solar Time 8:00 _9:00 10:00 11:00 12:00
IDN 239 263 275 281 283

| In+In+l

2 251 269 278 282
i Ti-Ta
i I .359 .335 . 324 .319
% n 611 .623 .628 .631
| Ep = 2 cos (12%) [(.611) (251) + (.623) (269) + (.628) (278) + (.631)

@:@} (282)]

| E, = 1317.5 BTU/Ft%/Day > 1144 BTU/Ft2/Day
|
|
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o
Efficiency at 12 1Incidence Angle Based on Direct Insolation

Normal to the Plane of the Collector

o
At 0 Incidence:
(Ti - Ta)
n = .80 - .4986 ( I )
At 12° Incidence:
n = .739 @ Ti - Ta = .104
I

The intercept of the 12° incidence curve will be different than the

o} . l ..
0 curve if the amount of incident energy on the absorbers has

changed. However,'the slope will remain the same since the con-

vective

-.4986 = Intercept -~ .739
0 ~ .104

Intercept = .79

“ n o = .79 - .4986 (Ti - Ta)

This is virtually the same as the 0

39

and radiative area did not change.

o
incidence curve.
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JTITLE: 4 LENS Cone. C-i. DATE: “}/2’5,"78
. ML MoLFL NSC—0/-"/42. WIND sPEED:_ 1.0 — 7.4
PERSONNEL:__C. ng‘p&s/p. SEITER WIND DIRECTION _S.E.
TEST No.:__J CONDITIONS : _VERY CLELA DAY,
COLLECTOR APERTURE:__43041% 0°_INCIBENCE _AHSLE. :
EFF = m-CplToyut = Tin) ; A_T_'z('rin'Ta)
Ag.: 1 1 T
TIME| Ta | Tin | Toue |p0Y |Frow| 1 [EacaT] m 1| a1t |2AZ] eFF [aTiT | A19
N:50|7..5]102.8{1i3.8| 3.4 |(.7] |32 84991252.9] 1.0 1083
10511708 J1o2 714,91 2.4 | 1.7, |22 542.0]-33.7111.7% .108]
1:521U.3 11023 |:i3.7] 2.4 | 71 |32, 841.0 1257.9 |1/. L1099
1253701 N10z.2i3.9 (4.3 a1 [321.8 2410 1237411. | do75
(2691701 102,813,224 | 171 |322.7446377| £44.0f291.0 | 1.1 |62178].755 |.1073].107
55170 L1030 114.1 | 2.7 | 1.7 |322.3 £49.0 1287.8] 11, | .04
N0:52170.8 Lo A|i4.0f 3.0 [1.71 {3215 5490 1233.1 | 11. 1 1114
- :07171.6 f1e2.4 [113.4] 2.7 | LT [329.0 047012873 1.0 1013
1S G |30 (0391 2.8 [1.71 |320. 54,0 |2861110.9 1075
LeSelg oA 136 17 1L 13198 (963841 849.0] 2846 5]10.7 [6185.4.750 [.1690 | -110
./Z:m U0 1022 usa) 2.4 1171 [21972] ~ [842.0]2857] /.0 JU3
1240 1704 |~ 2 1141 3.2 |71 |309.8 Fa.0 2357111 | 1097
12:02170.8 |i0Z2.0|114.2] 5.2 | L7 |320.5 24901270 1. 2 SIEES
1203170, 3 |10%.1 | 113.8] 2.6 |1-71 |22i.1 4110 12380]/0.7 22
12094713 L1024 | u4.q] 1.0 1171 13235465541 %12.0290.3] 1. 0 |61L821 153 ). 1975 ). 11!
12551708 ljetel2.1135.1 1.1 |323.2 B49.¢ |22 107 1078
12en |73 |163.] |1/4.2 | 3.5 (1.7 [321.9 549.¢C 12376100, ( L1073 ]
1220711721 |b2.2{1/4.1 | 3.1 [L71 |322.2 F49.01227.5110.9 ]074
12208 | 707 [ 15214141 | 2.3 | <1 [322.) 457 12513] 1.0 1 0RS
17:09172.-2 L 10%.1 11139 [3.6 |71 [321.5 e i30|F 1 289.8]10.8 |(2344 740].1 0] .10R
@ 1047 &l = &l. %3
@ 23l Col= 172
&
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Titee: 4 _LENS  Conge. Coll. DATE: 4/25/72
] ML Mopgl NSC-0/ -0732  winp speep:_LS — 2.8
PERSONNEL:_C JACOBS b SEITER WIND DIRECTION:__ SE.
TEST No:__| : couomons VERY CLEAR DA‘{A
COLLECTOR APERTURE: _430#* O’ INCIDENCE ANSLE
EFF: T CPTout ~Tin) . AT (Tjp-Ty)
Ac - I - Hee 30
TIME| Ta [ Tin [Tout [VEL [Frow| 1 EscaT| m 1] a1 |SAZ"| EFF [aTiTlard o
12311718 |159.1 |169.0 | 4.5 |/1.70 | 3224 §30.3) 2874 | 9.9 .30(7
1232071 11159.3[169.1 | 1.8 |1.70 |325.5 8%.3 |293.21 9.¢ 2988
12:33{70.2 | 1594 |[621 | S.! |)..70 |322.2 8303 129251 9.7 203
12:341 7.9 1159.51167.2.1 5.0 | 1.72 |322.6 43312905 9.7 3015
12:351 722 |159.5(169.2]| 3.5 {170 |323.2405181830.3]29..1 | 9.7 |¢35%] (48 |.2005 |30/
12341724 1596 |152.3] 2.2 |[. 70 |322.2 837 129011 7.7 300k
121371726 | 1527(1494]5.0 |[.70 |322.3 8323|2410 | 9.7 12773
2381 72.6{152.7 1674 5-5 |[.70 |322.7 §30.3|241.2 1 9.7 279
2:27| 73.1 [159.9 [ 1+9.413.3 |/ 70 |324.0 83a3] 292.5] 9.7 2148
122427241592 11¢3.51 3-3 | 1.70 |323.640351[832.3]292.6] 9. 8_|e26684.644 |-2964].299
@ =al7z20100.0]167.5]2.5 | 170 322 8243|2900, | 9.8 2990
12428731 [0z 17124 |/,70 |322.0 430312907 7.5 2%
12:43172.9 | 1b0.3]170.014.7 [/.70 |324.1 203(2925] 9.7 2178
1/2:44173.9 |I6o-6 17031 1.5 |[.70 |322.5 §30.3 |292.219.7 2978
12°45173.2 160.5 | |72.3] 3.6 |/.70 [32).5 KO8 | F30.3[291.2| 7.8 |2m2..].c42 |.2975].299
(22461727 len. 71 1703 3.5 |).70 |321.5 832 1290.0] 7.4 .30%4
12:37172.9 |140.8]1704] 3-2 |79 [322.6 £30.31290.819. 3075
22431724 |1 bl nf170.L.] 5.2 | 1.70 |3224 g30731291.1 1 9. L D044
122491 7.9 | |60l 170714 .9 | 1.70 |323.6 30.31292.3] 9.7 . 3048
12:64 1alieni 1723147 | 1.7) [32l.6lan02] 9323 287.8| 9. 8 lizsez|. 642 |.308%] 3¢5
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‘ "ML MobEL NSC-0i-073%

PERSONNEL:_C J&lopc /b sergw

TEST No.:

2

COLLECTOR APERTURE:

430 2:7%

DATE:
WIND SPEED:

—

4/24/73

page of . _

O-l mph

WIND DIRECTION:
CONDITIONS ; MOSTLY C/Fik , Sorte

R_f o=

AW

LIGHT Hh7e DURWA& 2..1"paTn Pr¢

EFF = TP Taut - Tin) . AT' (Tjp-Ty) O” incipbrce gpie
AC . I'O I'o I'o

TIME | Ta [ Tin [Toue |Vér |Frow] 1 [frca] m 1] ar fsar’ | err Jamiz |t 4
[3:74) 7o {211, 1 |218.0] 2.2 |1.72 |213.1 823.6)252.9] .7 B
iy A lai. (12179 1.4 172 |217.5 823.L [254.3] (.3 5478
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i3:21173.0 |21.7 [213.2] 0.0 172 |299%.] 03.44228.%) 6.5 L 6075
13:z2|72. 1|20 | 2178 1.! |1.72 |283p el | G 6520
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1252517321212, 1 {UB 2] 2.6 | L. 72 1334 823.0[237.7] 2.1 5539
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1o |14 (220 | ud.ol 2.2 |1z [206.3 B [240.3]1 6.9 St
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3131 70,3 e Biin8l .t |12 B8 £23.5L125%.11 7.0 5537
B2 /L) [ 81194 =0 [ 1ote 312, 5:3.]1252.6] 7. 5544
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TETLE: 4 Lens Corte- Coll.
‘ML Moper  NS2-0i-0732
PERSONNEL:_¢. JALOGS / D s¢irée

‘t

oate: 4/20/78

rage of ._¢.

&

WIND SPEED:
WIND DIRECTION:

0-53 mph

W- S

TEST No:._2 CONDITIONS . CLEL4R O° /Wcuér k.
COLLECTOR APERTURE:_43.0 #1% ANGLE -
EFFz TCP{Tout - Tin) . AT' (Tip-T,)
Ag - I T o oele
TiME] Ta | Tin Tou_t_“'”‘ FLOW| I [mear| m 1| ar Ar"] err janiz 15,
14:12 | 73./ |2572.2|263.3|14.3 | .72 |369.0 go7 1254.1{ 6.1 7245
1413 |72.8 1257.3]|503.0] 0.9 |1.72 |308.5 Bo7 l254.0| 5.7 NEA
14:14 174.7 | 25724 [2¢3.0] 0.1 |1.72 |307.3 807 |253.2] 6.6 216
14:15174.0 |2574|2¢63.0] I.1 |1.72 |300.3 87 [252]5.6 7258
14:15173.8[2523]263.1] 1.0 | 1.72 [306.02359] | 807 [252.8]| 5.8 |s4424|434 |.7259 |.725
14417172.9 257 |263.0]3.94 |72 |306.0 07 |252.5|5.9 729¢
14:18 [73.1 |257.1 [2¢3.5 1.3 |L.72 [305.4 d07 l25.5(5.9 RELZ
14:19 | 74.1 12571 |2(2.1] 0.0 |1.72 [301.2 He7 |25¢5| 5.6 7248
14420) 74,7 |2571 |262.9] 1.5 |1.72 |3044 8i7 |es0.6]5.8 7274
42! | 72.8 |257.1 [262.8] 5.3 |/.72 |304.1 [3613] 507 |252.8| 5.7 |54¢37.437 |1345|.7120
14:22 |73.2 2671 |2¢2.7] 3. |1.72 |309.0 Ec7 1250716.8 3%
14:2% |72.7 [2570 [2e2.R 2.6 |/ 72 3040 807 |250.0|5.8 1372
4224 |73.7 |256.3|262.7] 4.2 |L.72 |393.5 fc7 1242.7| 59 332
14:25 [72.8 [266.8 |262.6 [2.8 |L72 |303.0 | 607 [249.5] 5.8 7375
72:29 2.2 {2567 |262.5)2.7 |lqa '502.17_;583(.,]307 248.6| .8 |53¢¢%5| 444 | 422|727
14521]72.8 |256.7|202.4|2.5 | /.72 |301.0 Ba1 |244.( | 8.7 337
4528 ]73.5 |2567 Jeted | 2.9 1.7 [302.5 o7 [244.5] 5.7 1343
14:29|74.5 [250.6|2¢24]2.9 |12 |303) oz 24149 5.8 7287
1430 (7410|2564 [262.35]12.9 | 172 | 303! %07 |244.3] 6.9 7302
1431 | 742 [ 2571 | 2ee3] 2.8 |72 | 3023123099 507 2984| 5, | 53 (o8} .43] 735217724
@240t . .~|58.5%°
(P2 ¢, =[10ls

45




~L. page of _L_

_EFFicienNcy @ (2° wewen:E ANlE  DATE: 427/ 78

T IL e
4 Lens &xilc. QoiL. "ML MeEL NSC-21-5732wino sPeep: 12 — 94 mph
PERSONNEL: C.s’fﬂlﬁ/‘; D. SEITFR WIND DIRECTION: W — AJW/
TEST No:___J CONDITIONS : _CLEAR , (2" INCiténce
COLLECTOR APERTURE:_43.0 f+% ANGLE
EFF = m'cp'(TOut'Tin); AT'_(Tin'Ta) ‘rL fchTZ fmw(z,’)l
e P T '
TMEL Ta ITin |Tout |VEE |FLoW| 1 Jgmear| m 1| a1 EaI™| EFF |aTiT’ 'ﬁ‘r"f’/@r(.
7:40170.2 |96.% |1053] 4.1 |1.76 |295.6 E78.2425%.] 9.0 1029
7:4| 170.6 |9%.2 |95.61 2.7 | /. 7¢ |295.6 875.2.1254.%] 9.4 Jdot|
1:42170.0 | 9.2 |1c54] 3.2 |1.7, |294.0 £751|2547] 2.2 1029
7:43| 702 195.2]105.2) 1.2 |1.7¢ |298.1 77%.2 125551 9. 5 9990
iGN T0.5 1 7 1105.6) 6 & |1 70 (29753998752 |256:2] 9.2 [547449|.996 1011 |.103
9:45 170.6 |9¢.3 |175.2 ) 3.6 |1.76 |2974 f175.21256.51 4.9 1025
9:4( 159.7 19¢.4 |105.2] 6.4 |1.72 |275.1 8752|265.¢| 8.5 1346
9:47 170.6 |9: |125.6] €-5 | L7 o7, g75.2[25¢.2]9.2 011
9:48 | 72.5 |94 1064 6. | 176 |297.7 87%.2|256.1 9. 0 1003
9:49 | 70.1 |9¢et (1957 9.0 |7t |297.1 |39442 |675.2 |254.1] 1.2 1551217{.732. |.1025 |.104
9:50 [£7.5 | %4 |l05.6]5.3 |17 [297.2 g15.2 254,71 4.2 1048
9:51 169.9 19:4 1054147 |.7: |29.8 8752 |25¢6.0] 9.0 L1035
9:62 1701 | 72.5 [1cs7]4.2 |7~ 1220 775225292 [10z0
7:5% 1704 | 9¢.4 |/25. 7] T.9 |1.76 |296.1 775.212571.319.% olo
§:64 | 70.3 | 951 |1e0.6 14,7 | 1. 74 |295.8 W0531875.2|258.0 | 9.2 |s52a141341 |.1012 -105 |
9165 17/.0 [96.5 |/05.3] 2.2 |(.76 |2954 g75.tlz54.1 | 8.8 Jo|
9:56 |1 70.8 | 947 1/05.5 1 3-8 |1.76 |2953 75.2|258.5 | 9.3 1002
9:57 | 704 196.5 |105.7] 5.6 |1.76 |2949 g75.21259.3 | 9.2 1007
9:58 170.9 | %.¢ 11053 [2.4 |1.7¢ [2%4.¢ 875.2)251.8 | 7.2 0989
9:59 170.2 1964 11055 | 7.4 |70 [2944 M3 140]| #7521257.2 | 9.4 15557717138 |. 1026 |.102
ez | LAty
239 .104 =
®rok| G [F 2.0
C10° | Cp =297
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Run 1

Run 2

Flow Meter Calibration

Flow Meter Reading = 1.68 GPM

Measured Flow Amount Time
40 1b 169 sec

Actual Flow = (40 1lb) (60 sec/min)
(8.34 1b/gal) (169 sec)

Meter Scale Adjusted Before Run 2

Flow Meter Reading = 1.67 GPM

Measured Flow - Amount Time
40 1b 172 sec

Actual Flow = (40 1b) (60 sec/min)
(8.34 1b/gal) (169 sec)

47

1.70 GPM

1.673 GPM
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FLUKE SOUTHWESTERN TECHNICAL CINTER

CERTIFICATE OF CALIBRATION

294 =
ot 2240A SERAL BB 510012 oarg T 28-78

The Fluks Southwestern Technicsl Center does hersby certify the above listed
instrument meets or exceeds all published specifications and has been calibrated
using standards whose accuracies are traceable to the Naticnal Burcau of Stand-
ards within .the limitations of the Bureau’s Calibration services, or have boen
derived from accepted values of natural physical constants, or have been derived

by the ratio type of salf-calibration techniques.

Applicab'e NBS Test Report Numbers: OC Voltage — 207627
AC Voltags — B07675
Resistance — 207693

7, st

l

SERVICE MANAGER
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2 ‘. 1.1 EQUIPMENT CAPABILITIES

The pumps required to circulate the heat tranéfer fluid
through the collector are not to be supplied as paﬁtkpf thi§
contract. However, proper attention has been given t§ pumpﬁsize
and pressure drops in the manifold-collector system. Propef pump
sizing can be determined for the design flow rate using the in-

formation given in the applications manual.

49



2.1.2 NOISE OR EROSION - CORROSION

From previous noise or erosion - corrosion tests, a
maximum velocity of 4.fps is an accepted flow for piping with
working temperatures above 150°F for copper tubing.* A 1.72
gpm flow rate per collector panel as the upper design limit is
equivalent to less than 2.6 fps flow in the 5/8" 0.D. copper
tubing at the inlet and outlet of each collector. The flow -
rate in the absorber tubes is below one fps. Fluid velocities
for the manifold are listed below. As can be seeh, all veloci-

ties are well below the maximum of 4 fps.

SUPPLY MANIFOLD FLUID VELOCITIES

Supplying
Collector Manifold
Panel Size GPM (Max) Velocity (Max)

2 1 1/4" . 10.32 2.7
3 1 1/4" 8.6 2.2
4 i 6.88 2.8
5 i 5.16 2.1
6 3/4" 3.44 2.5
7 3/4" 1.72 1.2

Northrup has many isntallations which have been in use for
vears utilizing a similar design for the manifold and fluid
handling syétem. No failures have occurred during this period | B
, which have béen aﬁtributed to noise or erosion - corrosion in

these systems.

*National Standard Plumbing Code, National Association of Plumbing-
Heating-Cooling Contractors, Apvendix B, pp. 10~11, Washington,
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2.1.3 OPERATING CONDITIONS

All of the'components of the design éfe”capableiof
operating over their respective temperature,aﬁd pressure-range
without breakage, rupture, binding, galling, or significant
loss in pressure. The fluid loop is capable of operating at
pressures above 125 psi while the design 6perating pressure 1is
100 psi. Each of the components in the fluid loop is out-

lined below with its maximum pressure and temperature.

Automatic Air Vent

The recommended air vent is a Maid O' Mist No. 74 and
has a rated maximum pressure of 150 psi. The valve seat
material is made of Neoprene and is rated at 300°F. See

paragraph 2.3.1 for the results of a pressure test.

Pressure Relief Valve

The automatic relief valve is located on the bottom
manifold of the system. The automatic relief valve is specified
to open at 125 psi which is 25% greater than the working
pressure of 100 psi. This pressure relief valves have pro-
vided more than adequate safety measures when properly inétalled

on similar Northrup concentrating collectors. See paragraph

~2.3.1 for the results of a pressure test.

Swivel Seal

The swivel joints used in this design are manufactured by
GRA-TEC. This swivel assembly is constructed of silicone hose,

and brass and utilizes an ethylene propylene rubber o-ring.
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Tﬁe recommended working pressure in this application isiO-iZS
psig using water with a temperature up to 300°F with or without

an ethylene glycol additive. See ver, par. 5.2.5 for the results
of an accelerated swivel life test.

Selective Coating

The selective coating on the absorber tubé is capable
of withstanding temperatures in excess of 550°F without sub-
suataining permanent damage or increase in emisgsivity of é
decrease in absorbtivity. The absorber should be capable
of withstanding stagnation temperatures without being per-

manently affected.
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2.1.4 FLUID FLOW IN COLLECTORS

To insure constant floQ rate to the collector paﬁels, E
a reversed supply and return header with parallel arrays |
of collectors is employed. Graduated manifold sizes are 
also utilized to comply with the changes in flow rate with-
in the supply and return lines.

Additionally, all absorber tubes within the collector
panel have the same cross-~sectional area. This will allow

the same fluid velocity per absorber tube.
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2.1.5 o ENTKAPPED AIR

A suitable means of air removal from the fluid lines has
been provided by an automatic alr valve. The automatic air valve
wh16h has been selected for this application is a Maid-O-Mist 5
No. 74 and ié rated‘at 150 psi. Heat losses from the manifold
lines wiil be minimized by the proper installation of insu-
lation around the air vent, and sufficient heat conduction
f;om the-éopper manifold to the brass auto-vent will provide
antifreeze protection in the insulated environment so that 5
the proper operation of the automatic air vent will not be
impeded. The particular auto-vent which has been selected
is also capable of withstanding the fluid temperatures with-
out damaging the seal components., Drawing number 01-04-062

shows how insulation should be installed around the air vent.
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This page was copyrighted. For information on Auto-vent Air
Eliminators (Float type) contact MAID-O'-MIST, Chicago, Illinois 60641,
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INSTRUCTIONS

FOR

INSTALLING

v' 1. To attach, always use a very short |.P. nipple.
e = 2. Always install at the highest point of a pipe line, never on the
/' side of a fitting.
/ ! 3. Never install on the exhaust line of a plunger type pump un-
: less you use an air chamber at least 3 ft. long of 1%4” pipe and

take opening out of the side of air chamber near bottom.

4. Always vent an indirect radiator out of the top of the radiator

VENTING HIGH POINTS manifold.

5. The vent cap should be screwed down tight when refilling sys-
tem with water. After system is filled, loosen vent cap and allow
air to release slowly. If air is released too fast it may draw
scale or dirt up into valve seat, causing it to leak. If this occurs,
push valve core in, allowing water to flush out seat and then
pull out slightly on valve stem which should dislodge this scale.
For normal venting, cap should be open at least one full turn.
To shut off valve, screw vent cap down tight.

6. For maximum pressures—see other side.

7. Valve cores or entire bonnet assembly may be ordered for
replacement. Order No. 7XP for No. 71, No. 74 or No. 75
Auto-Vents—No. 7X for No. 78 Auto-Vent.

8. Special valves can be supplied when specified to be used to
vent oil tanks or gasoline lines.

9. Special No. 7-A connectors for %" copper tubing are recom-
VENTING UNIT TYPE mended in place of regular cap, when installed where leakage

HOT WATER RADIATORS could cause damage. s P 3
10. No air chamber is necessary. m Qu»
NO ;t S
g — AUTC-VENT BRY
W to for Bulletin Mo, 713 describing e A -
—~ compiaic line of Aute-Vent Air Eliminators. & '\"-‘{ﬁ‘} )
= ST i ! 3 at,

SOILER

/{ UNIT

STD PHPE
TAP

WATER \[
CHILLING
i

~

B

P

VENTING TRAPPED MAINS CONNECT WITH CLOSE NIPPLE
VENTING BOILER OR CHILLING UNIT AND CIRCULATING LINES SECTIONAL VIEW

fciRCUM ntb REDUCES f:w@znﬁ” =

3 ML e A 3 A s it s . $ e
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2.1.6 THERMAL EXPANSION OF FLUIDS
Thermal expansion of the heat ‘transfer fluid can be accommodated
by the use of a conventional expansion tank or compensator which

is the responsibility of the user (see Applications Manual).

The pressure relief valve, preset at 125 psi will limit excessive

pressures for safety.
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2.1.7

PRESSURE DROPS

Design criteria is as stated in 2.1.4 which are standards

recommended:by ASHRAE. Preséuré'drop across the entire array

of 7 collectors is as tabulated below, with manifold of size

tabulated. The calculated pressure drop is not considered ex-

cessive. Flow rate is based on 0.43 GPM per collector with

values of P.D. obtained from ASHRAE,.

Supply Manifold P.D,

To And Through Last Collector:

58

Supplying Equivalent
Collector Manifold Foot PD
Numbers Size GPM Length Ft HQO
1 %" 12.04 7.2 .22
2 15" 10.32 17 47
3 14" 8.6 16.8 .32
4 " 6.88 15.4 .53
5 " 5.16 15 .29
6 3/4% 3.44 14 .58
7 3/4" 1.72 26,2 .89
Sub Total 3.3
Measured P.D. across a Collector
Plus the Inlet and Outlet Swivel
Joint Connectors 2.9
Total P.D. For Array 6.2 ft
HZO



2.1.7 COLLECTOR PRESSURE DROP

The pressure drép between the inlet and outlet of a 4-
lens collector panel (including both inlet and outlet
swivel arfangement in the correct, bent tube, configura-
tion) will ge measured using a Meriam differential mano-
metér. The flow rate through the collector panel will

be at: least 1l.7gpm.
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2.1.8 P CONDENSATE REMOVAL

This requirement states that means shall bejproVided for
adequ&te disposal of condensate from cooling equipment. However,
no cooling equipment is included ﬁith'this system. Any such
equipment installed in conjunction wi;@mtp;§wgystem will be
the responsibilitg of the user.

bew will sometimes form on the system as it normally
does on othér structures. ’But, this represents no threat to

the system or surroundings.
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2.2.1 VIBRATION STRESS LEVELS

The operating syscém to be supplied under the conditidhs
of this contract inciude only one device which could cause
vibrations in the syétem. This device is the tracking motor
for the attitude controls. However, since the ;r;aéo;;i, rate
of this fractional horsepower motor (20 rpm) is so low, this
device does not constitute;a'serﬂoué vibration source.

Vibrations in the fluid handling system due to pulsating
flows should be minimized by the manifold support system. The
manifelding is contained within the manifold support system
and surrounded by insulation which will damp the vibrations of
the fluid 1line. The manifold support, which functions as part
of the support structure provides rigidity to the piping and
connection equipment. Wind pulsations do not effect the
support structure as is evidenced by the performance of
structures similiarly designed and currently employed at
various job sites of Northrup, Inc.

'Furthermore. vibration due to any cause has not presented

itself as a problem in current Northrup systems which are

similar to the new design,
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2.2,2 - VIBRATION FROM MOVING PARTS

The operating system to be supplied as partial fulfill-
ment qf fhis contract does not include the pumps and other
circulhting devices. A single device which is to be supplied'
as part of the contract is the tracking motor for the attitude
controls. This device, however, is only a small fractional
horsepower motof'ﬁhﬁch operates at extremely low rotationai'
rates (20 rpm). Adequate structural support has been provided
for the motof, SO0 no vibrational stresses or problems are

anticipated.
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2.2.4 VACUUM RELIEF PROTECTION

The fluid handling system that is included in this deSign
as partial fulfillment of this contract includes the manifoldiné ;\
and absorber tubes, swivel joints, aipressure relief valve, |
and automatic aif‘vent. The largest fiﬁid handling component
in the manifold system is 1 1/4" (1 3/8" 0.D.) coéper tubing
with a wall thickness of 0.042 inches.v Analysis shows that
the collapsing pressure is well above that which occurs should‘
an internal vacuum be created.* The other components of the

fluid handling system will be tested by using a high vacuum pump.

* E = 16 x 105 1b/in? !
u = .33
t = .042 in

d = 1.375 in

. .3
2E (3)3 2 (16 x 196 1b/in?) /.042 in )
T - u? d =1 -

P, = (.33) % 1.375 in
- n/in2
Por = 1023.5 1b/in
o 72 (16 x 108 1b/in?) .042 in )2
O = T = u? (E) =1 - (.39)° I.375 in
6 _ = 16,753 1lb/in’
cr ’
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2.2.4 VACUUM RELIEF PROTECTION (continued)

This fluid handling system is similar to those employed on
other Northrup systems in which failure due to internal vacuum
has not presented itself as a problem. See Paragraph 2.1.5 for

a description of the automatic air vent.
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2.2.4 INTERNAL VACUUM TEST

INTRODUCTION

This test will ensure there is no danger that fluid handling
components can be damaged due to an internal vacuum. The
flattened absorber tubes, relief valves, and swivels will be
individually tested. The copper pipe used in the manifold
will not be tested since it is designed to withstand an in-
ternal vacuum, and since analysis indicates it can easily

withstand the pressure created by an internal vacuum.

PROCEDURE

The absorber tubes, swivels, and relief valves will be tested
separately by connecting the components in series with a 2-
stage high-vacuum pump and a Stokes-McLeod mercury gauge with
a scale range of 5000 to 0 microns. Each component will be
subjected to an internal pressure of 1000 microns or leés of
will be shown to have vacuum relief protection. In either

case, the component must not be damaged.

RESULTS

On May 29, 1978; the air vent was vacuum tested according to
the above procedﬁre. The air vent acted like a vacuum release
valve by,vehtiﬁg in air. This in itseif should verify the
system for vacuum relief protection since the system should

not see an internal vacuum by virtue of the air vent.

In addition a swivel joint connector, pressure relief valve,

and a flattened‘copper tube (ten feet long and with the same
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cross sectional area as an absorber tube) were vacuum tested.
They were subjected to absolutely mo damage. Also, a cap was
scréwed onto the air vent to prevsnt its operation. It was

then vacuum tested without damage.




2.2.5 ’ THERMAL CHANGES | -
Thermal contraction and expansion will occur in both the

manifold and collector absorbers. Their lengths will be sub-

jected to sizeable variations which will be accommodated by
appreprlate clearance between the absorber and collector casing,

and between the manifold and manifold assembly. There is also

ample clearanoe in the collector and manifold assemblies to

allow for any flexing that may occur.

In addition to allowing sufficient room for expansion

and contraction, a flexible connection between the absorber

tubes and manifold is employed to account for any relative dimen-

sional changes between the two (see Drawing 01-03-023).
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2.2.5 i THERMAL CHAN‘GES‘ E

. During opéfgéing conditions the collector; swi§e1 joints,
lenses, housing, framework, etc. will be visually inspécted to
ensure there is no failure of the system due to excessive thermal
contraction or expansion. The fluid inlet temperature will be

raised to at least 250°F for this test.
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2.2.5 S B THERMAL CHANGES 5/20/78

During operating conditions a collector, swiveleoénts, lenses,
housing, framework and the manifold (which were set up”to handle
one .collector) were visually inspected to ensure there waéwﬁo
failure of the‘éysteﬁ due to excessive thermél'é#pansion. Th;
fluid inlet temperature was raised to 270°F for this test which
is cénsidered to be well above normal operating temperatures.

During this test there were no failures nor any sign of a problem

resulting from thermal changes.
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2.2.6 FLEXIBLE JOINTS .

Flexing of the manifold subsystem is adequately compensated
for with the clearances inside the manifold structure. Linear
%xpansion of the absorber is accommodated by the adequate room
in the manifold structure. Relative expansion of the abso;ber
to the manifold and visa versa is allowed for'by a flexible
cohhéction. See 2.2.5. See ver: par. 5.2.5 for the results

of an accelerated swivel and flexible joint life test.
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2.8.1,
5.2.4

.3.2,
, .2.2,
2.3.1 PRTNSSURE TEST: NON-POTABLE FLUIDS

The portions of the sysééﬁ containing heat transfer fluid .
that would not necessarily be connected directly to the potable
water supply are the manifold, absorber tubes, swivel connections,
air valve, and pressure relief valve. The suggested working pres-
sure for the system is 100 psi. The pressure relief valve is
preset to open at 125 psi.

The aforementioned components, except the manifold are pres-
sure tested before they go into operation. The test is performed
by submersing the desired subsystem in water and filling it with
nitrogen gas to the desired pressure level., If there is a leak,
it will manifest itself in the appearance ofbubbles. The preséure
relief valve is tested up to its rated release pressure to ensure
proper function. fhe other components are tested at 150 psi.

None of these tests have resulted in leaks or damage to components
when the subsystem was’assembled correctly. Therefore, a working
pressure of 100 psi -should be acceptable.

Any connecting pipe from the collector array to and including

a heat exchanger is not part of this contract and is considered

the reéponsibility of the user.
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 PRESSURE TEST

all the absorber tubes were pressure tested to 150 ps;g on
April 7, 1978, accérding to the procedure described on the;pre~'
cediﬁg~page. The air vent ahd one of the swivel joint connectors
were pressurertested to 150 psig on May 29, 1978 according to
the previously described test procedure. In all of the above
tests there were no failures of any kind. The pressure relief
valve was also tested on May 29, 1978. This valve opened at

125 psi as specified by the manufacturer.
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2.3.2

The pressure tests performed to satisfy paragraph 2.3.1 will also

satisfy 2.3.2.

PRESSURE TEST:

75
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2.4.1 ORIENTATION AND TILT

Detailed discussions concerning the selection of a rotating
polar axis mounted system'are contained in the first monthly rebort.
The principle of the rotating polar axis mounted system is illustrated

in Figure

POLAR AX1S

Figure

Rotating Polar Axis Mount

The rotation of the collector proceeds at the same rate as the earth's
rotation so that the collector is normal to the sun. The collector
does experience a Change of sdn altitude due to thekearth's orbit
about the sun. This movement results in a change in the sun's
attitude of T 23.5° éithér sidé of‘normal Tine which occurs on

September 21 and March 21.



2.4.1 (Continued)

The structure 1s fabrlcated so that the collectors will m aligned
with the polar axis and this d;ctates the de51gn collector tllt Orlen—
tation is maintained with the Northrup attltude controls whlch typlcally
updates the collector position ever 45 seconds. This corresponds to
a tracking precision of ,19 degrees which is well within the required

design tracking precision.
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'2.4.1 TRACKING TEST

Procedure

The entire collector array consisting of seven panels will
be tested for alignment accuracy. The collector panels will
be trackeéwwitﬁou£ fluid flow during this test. All seven
collgctor paneis will be aligned to the sun by focusing thé'
concentrated light frém the lenses onto the.absorbers. The
panels will then be allowed to track:the sun as they would
in normal operation. The collector panels will be periodically

checked visually for alignment accuracy.

Results

The array was allowed to track for eight days (6/22/78 through
6/29/78). During this period of time the collectors remained

aligned to the sun during clear weather.
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2.7.1 Applicable Plumbing Standards

‘A1l piping and fittings in the array are of brass or copper
which conform to a vast majority of iocal codes that may be encoun-
tered. All fittings and joints will be made with brazing that is 6%
silver. This brazing will withstand temperatures in extess of 800°F
before melting. And in using it in the ' bi'esent Northrup Concentrating
Oollectoi', there has never been an incident where it melted.

Insulation around the copper pipe in the manifold~frame 1s
glass wool. Mmmum thickness is 1 3/4" at tangent points of tub:.ng
to sid‘_es% top and bottcmof steel housing, and varies fram 3" to 4"
between these points. The insulation has a "k" factor of 0.28 @ 200°F,
thus giving an average R factor of 10 plus. In past Northrup instal-
lations that have similar design characteristics there is no evidence

to indicate there has been excessive heat conduction to the environment.
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2.8.1 RELIEF VALVES AND VENTS

The automatic pressure relieflvalve is located on the
béttom manifold of the system. The automatic relief valve
14 specified to open at 125 psi, which is 25% greater than
the working pressure of 100 psi. Located on the top of the
manifold systém is an air relief vent rated at 150 psi.
These relief valves have provided more thanradequate,safety
measures when used on similar Northrup concentrating collectors.

See ver. par. 2.3.1 for pressure test results on the relief

valves.
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3.1.1 Applicable Standards‘(Structura1 Design)

Structural design has been based on the applicable provision
of MPS and references standards therein. It has been treated as
"conventional elements" which a review of structural analysis
should confirm, and which are on the conservative side. Analysis
is based on working stresses rather than ultimate stress provisions.
A11 steel used in fabrication of structural elements has a minimum
yield point of 33,000 1bs./sq.in. All connecting bolts conform
to ASTM 307. Allowable working stesses are in accordance with
above referred standards for these materials. Service loads are as
stipulated in paragraphs 3.1.2. See paragraph 3.2.2 which
refers to paragraph 3.2.1 for compliance to load combinations.

Structural calculations follow paragraph 3,2,2,
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3.1.2 Service Ipads

Dead loads have been determined almost totally by weighing
ccmponenté rather than by calculation. One inch thick ice on all
surfaces is used for live loads which is very conservative. The
wind loads used are also conservative. |

For ease of calculation, axial loads are assumed to be -
applied atrarn end point. On certain members the weight is assumed
to act through the center which is slightly off the true center of
gravity. This is true of the manifold supports, but will have

negligible effect on the outcame. Also, for simplicity, tiwe wind

| loading on the south hrace and the manifold supports is based on

an angle of attach of 90°. This results in a slightly larger
load. |

The collector u.lt angle used in all calculations is 32°. The
collector alignment corrésponds to solar noon with the wind blowing
fram the south. All analysis of forces is done graphically.

The following loads are used for design analysis:

Dead loads
Collector = 425 1b.
Manifold Strut - 62 1b.
Manifold Support - . 25 1b.
South Brace - 6 1b.
South Col. Base 2Angle- ' - 4 1b,
Inclined Strut ~ 33 1b. : ’
North Wind Street ~ 28 1b. :
North Column ~..20 1b.
Live Ioads Based on Ice (1" Thick - 4.67 1bs/ft>
Collector : - 700 1b.
Manifold Strut ... = 75 1b.
Manifold Support - 30 1lb.
South Brace -. 15 1b.
South Coj.Base Angle - 10 1b.
North Wind Strut - 65 .1b.
North Colum - 45 1b,

Inclined Strut - 80 1b.
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3.1.2 Service Loads (cont'd)

Wind Ioads Based on 70 m.p.h. wind velocity
per Table 6, ANS A58.1-1972.

Collector

Manifold Strut
Manifold Support
South Brace '
South Col. Base Angle
Inclined Strut '
North Wind Strut
North Colum

O B

83

at 30

- 885
- 105
- 24
- 18
- 0
- 55
- 63
- 46

ft. above ground level

FEEEEEEE

! Structural calculations follow paragraph 3.2.2.



3.2.1&3.2.2 ULTIMATE LOAD COMBINATIONS-ICE LOADS
One-inch thick ice is used in the calculation of ice loads.
Since the system is considered made of conventional elements only,
. * *

load combinations (1) and (4) will be used in which the load
. x

factors are taken as 1.0,

Structural analysis follows in the subsequent pages.

*Load factors and load combinations are explained in Paragraphs

3.2.1 and 3.2.2 of the IPC Manuals.
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27

THe WIND BRACIWG 15 /8" Rounp Treabed STEEL
lRop WITH A TENSILE STrRESS AREA CF ",'-d73’ ,wz AAND
TENSILE STRENGTH ©F (0000 "/ u% For A
SAFETY FACTOR oF N, = 2 , THE MAXIMUM  ALLOWABLE
STRESS 15

O/ = a: - é . ‘. :"é;f‘;;

MAxX —;""" = 80990 = 3o voo Yy P 23,84 Vv

ALY 2 l ’

THE ANALYSIS FoR THE UPPER NORTH WIND BRACIA
WILL ALSS APPLY To THE SouvTd WiNd BRACING.
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3.2.3 P VEHICULAR LOADS
The collector system is not intended for below grade
, A

installation and, therefore, will not be subjected to vehicular

loading.
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|
Ioad Capacity; Resistance  to Damage; Deflection Limitations;
Foundation Settlement; Contraction and Expansion:

The system is considered to be made of conventional elements and,

therefore, is deemed to satisfy these criteria.
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3.3.2 GLAZING DESIGN

Glazing material is Du Pont ILucite 147 with the following physical

properties:’ v
M)DUI:.US‘ EIASTICITY FLEXURAL (ASTM-D638 450,‘:0.00 PSI
FLEXURAL STRENGTH (Asm—mﬁgo) : 17,000 PSI
SHEAR STRENGTH (ASTM-D732) 9,400 'PSI

An analysis purely as a simple beam indicates that a uniform load of
184 PSF could be applied before failure would occur. Considering “the
probable loads that may be encountered in use and these work:.ngI iloads, :
it appears that the acrylic lens material would satisfy such conditions.

Furthermore, the above does not giwve credlt to shape factory of
lens which would increase load capacity to a deéree. A

Past experience of Northrup Concentrating Collectors has proven
that no detrimental damage to the lens has occured with approximately
3" of ice or 12" snow, on a lens having a greater radius than this
design. This would irdicate this design with smaller radius could
endure greater loads than the past experience.

Also during past experience with over 6000 collectors in use,
there has never been an instance that lens have failed due to effect of
hail storm.

Analysis is performed on the next page,
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GLAZING: ' ALIOWARLE DISTRIBUTED LOADS

r 0090/,
— i
T A —— L. 33 I
E= 450,000 1b/in’
o MAX = 17,000 1b/in2
Tt MAX = = 9,400 1b/in?
3
1 bh 1 .
=™ = x a3 in) (.090 in)3 = 00808 in
2 2 .2
O'NIAX=MMBXC MMAx=_]é-_WL _%7_(121:1) = 18W in
I
o209 in = 045 in

o MAX = 17,000 lb/in:2

2

= 18Win2x.045inxw

.00808 in®

W = 170 lb/in
W = 170 1b/in x 12 in _ a2

12 in x 133 in/144 in® = 184 Ib/ft

£t.2
r=_g_mzu( VMax = WL = W 12in = 6W in
A —— =
2 2
A= .090 in x 133in = 12 in
™MAX = 9,400 1b/in° = 3 x 6W in
2 12in?

= 12,533 1b/in
Therefore

>> MAX per flexure

WMax = 184 1b/ft>

The total load is
WA = 184 lb/ft

x 133 in x 12 in = 2039 1b.

144 in?

£t2

This is larger than the anticipated loading from dead, live, and wind loads
combined. (see 3.1.2). Furthermore, the lens shape factor has not been taken
into account which means that the glazing is more rigid than indicated.
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3.7.1 HAIL LOADING

The portion of the system most suscéptible to hail damage is the
acrylic lens. During past experience with over 6,000 collectors in use,
employing a similar lens, there has never been an instance of failure
due to hail stomms.

Although similarity represents the means of verification for 3'.7.1,‘
additionally, analysis is presented for a flat acrylic plate subjected
to loading at the Qenter. This model, though very approximate, is
thought to be similar to the lens design to the extent that the analysis

provides ample assurance that the lens will not fail on account of hail,
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IMPACT LOADING AT THE CENTER OF A SIMPLY
SUPPORTED RECTANGULAR — PLATE ~

i
o
on

K.E'
2
K.E. - KINETIC EWERAY To BE DISSIPITEL £y THE aTE
P bDywamic. ForcE o THE FLATE |
§ — MAXIMUm  DEFLEZT/oN AT THE CENTER oF THE PLAIE

Froml  THE PRECEDING  ANALYSIS
¢ = W G x= % vz

5 = 4¢°f
7T4ab-b(é‘2 ré{;)z'

K6 = 24 Po(-4*) L
" ab(al 5)51\3 b= .___;l...-r—.-
12(1-4.2)
f max = G638 b ~PrEcEDING  ANALYSIS
a = |2z in ‘
b = (33 /n ‘
E = 4505000 I, = AcRYL/C
h= .090 m ‘ ‘
Al 2= o'
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3,9.1

DESIGN PROVISIONS

Ponding shall not be a problem with this design due to the stiffneés

of the acrylic lens.

There are no horizontal surfaces on which water will

accumlate and all slanted or inclined surfaces are either constructed of

16 or 20 gauge galvanized steel or at least 0.090" acrylic. In pmi:otype

work no ponding of any magnitude has occurred. There have been no fail-

ures associated with structural water loading on Northrup's similarly

designed systems which are currently employed in the field in the past

years,
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4.1.1 PLUMBING CODES ON STANDARDS

See paragraph 2.7.1.
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4.1.2 ELECTRICAL CODES AND STANDARDS
Ail”ﬁiring in the control box meets clearance standards

required by U.L. for out-door condensing units, which is the

closest standard applicable to the installatidn} All wiring .

in:the control box is protected from water and the elements
by the water-proof box enclosure. Wire and cable entries to
the box are sealed with rubber grommets. Wiring throughout
is U.L. approved 2/64" insulation, stranded lOSoC, thermo-
plastic, moisture resistant, U.L. classification 1230, and

is sized per N.E.C. The external low voltage wire from the

control box to the sensor is the same type wire. The instal-

- lation manual reguires that the field power supply be con-

nected and switched per N.E.C. The control box is labled
"Do Not Remove This Cover When Dis-Connect Switch Is On."

The above complies with referenced standards and codes.
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4.,2.1. SYSTEM FAILURE PREVENTION

The system is designed so that the pump should be electrically
paféileled with the attitude control system. In the event of
a power failure the pump and tracking system will cease opera-
tion. Assuming the collector is initially focused during the
period when the power was available, the subsequent movement of
the sun with respect to the collector will cause the collector
to . defocus. A movement of 8.4°is sufficient in order to move
thé focal point off the tube. This angle corresponds to 34 minutes
of exposure., During the period the focus will be gradually
moving‘across the tube so that the intensity of light hitting
#he tube will slowly decrease., Similar concentrators ‘
émploying this electrical arrangement have had no failures
feported which are attributed to power failure stagnation.
As an added safety measure, a pressure~re1ief valve has

See "Concentrator Stagnation- Defocusing Test 10/18/77",
which immediately follows, for verification that a similar =
collector design (Standard Northrup Concentrator) will not
be subjeﬂted to unreasonable temperatures during a power
failure. Also see "Stagnation-Defocusing Test 5/9/78

for verification of the 4~ lens collector.
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CONCENTRATOR STAGNATION - DEFOCUSING TEST 10/18/77

PURPOSE: To deﬁéimihe the maximm abso%ber and swivel temperatures
during a étagnatiOn—defOCUSing period corresponding to a
power failure.

PROCEDURE: The ooncentratiné oollector was allowed to come to steady-
state operating conditions, water flowing at .3 gpm ana
the coliecfor tiacking normally. After an hour of oper-
ation the trécking and water flow were simultaneously .,
turned off. This turn-off point corresponds to the
time value of "O" on the data and on the plot.

CONDITIONS: Winds were out of the northwest and light, ranging
from .5 nmph to 11.6 mph. The sky was clear with no

clouds or haze throughout the test.
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DISCUSSION AND
QONCLUSION:

e S i
+ ¥

J P —————

¥

The outlet water texﬁperature was monitored and found

to bev1rtua11y the. same as the swivel data. This

was not surprising and served as a check on the swivel b
thermaéouple.

As soon as the water was stagnated and- tracking stopped
the receiver temperature began to rise. The plot of the
receiver temperature is a reasonably smooth curve. This
indicates ﬁhat the effective heat transfer coefficient
fram the tube to ambient did not change significantly
during the test. In other words, the small variance

in wind speed throughout had little effect on the heat
transfer of the receiver. |

When the water flow was cut off the swivel fanperature
dropped then began to rise. This was probably due to a
time lag for the natural convection of the water ingide
the tube to establish itself. Also, there appears to be
good conduction fram the upper swivel Lov the manifold

and return line which would explain the rapid cool down
at the beginning and end of the test. The reason for the
inflection point at about 20 minutes in the swivel plot

is not immediately obvious. There was no sudden drop

-in insolation or a large increase in wind speed to account

for this. One possible explanation is a "Shift" in the

natural convection of the water may have occurred. The

. inflection point is not due to a phase change. If it were,

there would have been another such point on the cool down

 side bf_ the plot. This test should give a good appz;oxi—-
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mation of the critical temperatures. These approximate
temperatures (276.8°F for the receiver and 267.7°F for
the swivel from this test) are well within the oper-

ating range of the materials.
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TEST DATA

259

Tine Mbsorber T Swivel T Ambient T Wind Velocity Direct Insolation
(I3 nutes) (°F) (°F) (°F) (rph) (B1U/hr-£+2)
-5 225.4 203.6 85.6 4.4 263
-4 225.2 203.3 85.4 3.7 262
-3 224.9 203.2 86.2 7.9 263
-2 224.4 203.4 83.7 3.9 263
-1 224.9 203.3 84.8 2.4 263

0 224.5 202.9 83.9 8.4 262
1 227.9 199.4 84.8 7.4 262
2 233.6 201.3 85.1 9.2 262
3 238.2 205.2 85.7 5.3 262
4 242.1 210.0 84.6 5.3 261
5 244.9 214.6 84.8 4.2 262
6 247.7 218.8 86.5 4.2 263
.7 250.4 222.8 36.5 4.4 262
8 252.8 226.4 85.8 1.7 262
9 255.1 230.1 87.9 2.3 263
10 257.6 233.8 37.8 2.1 263
11 259.9 237.6 86.9 6.4 - 263
12 . 261.6 240.8 86.1 4.2 262
13 263.0 ©244.4 35.8 4.7 262
14 264.8 248.0 86.1 3.7 261
15 266.5 249.7 87.8 2.0 262
16 268.2 252.2 87.6 3.5 262
17 269.2 254.2 88.2 1.4 260
18 270.7 255.8 88.3 6.7 260
19 272.8 255.4 88.8 1.5 259
20 274.6 254.6 88.5 2.5 260
21 275.7 255.5 36.6 5.4 259
22 276.1 259,6 87.3 4.2 259
23 276.8 263.8 87.1 3.4 259
24 276.8 267.2 87.8 1.2 260
25 276.8 267.7 87.6 .5 260
26 276.6 267.4 87.5 3.1 260
27 276.5" 266.1 88.3 - 3.1 260
28 276.2 264.4 86.8 2.3 259
29 275.9 260,1 87.5 2.3 259
30 275.6 254.7 87.7 4.4 260
31 275.3 247.8 88.6 2,4 260
32 275.2 241.3 38.1 2.4 260 .
33 274.8 236.6 88.7 1.1 260
34 274.2 233.0 38.8 11.6 257
35 273.2 228.7 87.0 57 258
36 272.8 224.4 88.1 4.1 258
37 2721 220.0 87.7 2.0 259
38 271,717 217.2 89.6 3.0 260
39 270.6 213.6 90.0 2.8 260
40 270.0 210.9 89.4 7.1 259
41 263.2 208.2 88,7 2.9 258
42 268.3 205,6 86.9 3.8
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STAGNATION - DEFOCUSING TEST
May 9, 1978

INTRODUCTION |

1'The purpose of this test is to dete;mine the maximum absorber
and swivel temperatures‘during a stagnation-defocusing period cor-
resbonding to afpower féilure.:‘The abébéber temperature must
not rise above 550° F or the black chrome coating may be per-
manently damaged. The inlet or outlet temperature must not
rise above 350° F or the swivel O-ring may be damaged.

PROCEDURE

A 4-1ens concentrating collector panel was allowed tc come

to steady state operating conditions: collector tracking and

water flowing into the collector at approximately 1.7 gpm with
an inlet temperature above 200° F. After approximately 15

minutes of operating time, the water flow and tracklng were

simultaneously turned off. Absorber, inlet and outlet temperatures,
direct insolation, wind velocity, and ambient temperature were
recorded in one-minute intervals beginning five minutes before
the point of fluid and tracking cut-off and extending to 45
minutes afterwards,
Positions of the absorber thermocouples are shown in the
following diagrams
. tp B €3 ©y
|

PN

N N SN S Absorber Thermocouple
Location

|

Bottom View

EQUIPMENT

See the "Thermal Performance (Efficiency)- " Verification
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;

Paragraph 1.3.1, test for a description of the equipment. The
"Stagnation Test" took place within about two weeks after the

"Thermal Performance (Efficiency)" test so the equipment was not

recalibrated.

o
The highest absorber temperature reached was less than 320 F

while the highest swivel temperature (outlet swivel) reached less
than 270°F. These are well below the recommended high limits of
SSOOF for the absorbers and 350°F for the swivels. Furthermore,
this test caused absolutely no damage to the collector system.
Therefore, there is no danger of thé system overheating (when

installed properly) due to a power failure.

Included with this report are plots of the absorber and out-
let fluid temperatures as a function of time. All test data is
documented. Note that the average direct insolation was greater
than 280 BTU/Hr—Ft2 and the average wind velocity was lower than

10 mph, which means that conditions were excellent for this test.
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TITLE: _NASA COMCENTRATOZ —4-UNIT

STAGNA-TION
PERSONNEL:_C. Jpcoes /N SEITER
TEST No.:___Noond

COLLECTOR APERTURE:__=I2.H {4

erF s M™Cp{Tout - Tin) . A'r'.(r;,,.r,)

DATE:

Q MAY 78

WIND SPEED:

WIND DIRECTION:
CONDITIONS .

<+ (HHee

ov 0~

gggAg JCALM
°F

*an -
T

Ac - 17 T
TIME| Ta [ Tin |Toueft, |FLOW] Tp 14, 1*] at |4, | EFF ATIT'| A &
108 | 79.5 |211.8 |218.6]214. | £75 |283.3]723.c 3166 225.2 227.4
109 1201 .9 |218.7l2:<. 2] 1775 284, 1 |222.9 3(7.1 25.21 527.2
7.0 1219 12:3.2]25.2|(- 75 3345%224.0 306.5 225.2 [227.2
7. 9 12021 1212.21215.41.75 [283.%)-24.2 316.3 P22 B27.%
e bs.alz. 21210021561 O [282.01-242 3164 25.2 027.5
(28.9_|206.£1207.11217.4 282.9 1229.4 215.7 J28.4 221,
114 179.2 1201.21202.21221.% 232.8 |32 4 3199 22,6 225.0
1115 19.9 1202 ¢ |202.4]225.% 2629 [oag.¢ 317.2 Pse.2 239 0
e 1211 Fcn.q 2i5.4122021 ¥ |2945p 2 317. 740 | 242.7
1117 129.9 1194. »1222. (1238 285.L.147. 2 3177 24> 7 6. /)
11X 17290 1793 .00224.212490.0 2P4.1 |252.6 3176 1247.1 YA A E
(119 179.¢ 1192 1|228. 11244 . 283.1 |260,2 217.0 20,5 252.71
20179 ¢ 11909 221,34 250. 2%5.2 |22 1 317, g3, ) 257 2
(2.1 |23.9 1/90.0l>34.4l265 .2 283.9]266.¢ 217.9 6. 260,
1722 129.2 1182 2]2271.012¢0.9 242.7 |20, 1 317.9 2¢9,2 202
1123 129. 2 3z .8l240. 22065 2542 L4.¢ 317.7 262, 9 7.
124 | £0.9 |/&4.71242. 110220 284.6 |14 » 317.8 5.5 295, 2
| 8.3 |93 5|044.¢4278.1 242951 .5 318.1 3 73.1
12 6 1%1.8 122 |247.1|254.6 2827 274.S 317.8 27. 27¢..|
1722 | 20,72 170,91 240 212905 284.2 571 318.3 2.1 273 -
17e (Yo.b 1179. 21279. 4 28 232,712#. 1 315.7 )74 2 54
1129 1.2 |172.31249.71279.€ 224.5g0.4 218.2 T b3 .
120 |72.4 175.7 7511203, 255.6 123, 318.9 > 77,3 e
1ot |0 L74 2|750. 212054 12337 |21 .2 318, 1 277, 1 2.7
9.2 11724} .32~ 63 c 2984 518.3 Y7,
: R
(32190.9l7: | Lo dme. ] jeBe]dn 3139 25 e
r2d |27 1o 1124 2107 283.9 by o 318.5 24 8- 7.8
n3&loro . 3125 71200.2 283.5 P 4 7.z b 2.2 29> ¢
1136 |D.] /6222544210, 2635 |297.9 3720 7 & 93 1
4 174 2.01269.3] 27, @ 254.3 1217, 317.3 132.9 24
uaalap. s e 2l2ec, 2.0 235.1]290.2 318.0 2.7 292
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TITLE : NASA ConeENTRATOR

— [ 10
PERSONNEL:__C, JAcops /p.Se(icn
TEST No.: Nooo4

COLLECTOR APERTURE:__42.0l¢:
m-CplToyt = Tin) . AT (Tjq-T,)
ae - 1 : I"- B

EFF =

DATE: Imayz8

WIND SPEED:

WIND DIRECTION:

CONDITIONS: __Cc EAR

winb

TIME] Ta | Tin |Tous i, |FLOWI T ¢ I| AT |43 | EFF |ATIT'| t4 |V teh
1129 [20.7l166-2| 2604 [2080] O 2858|280 39.1 9 3|6.
140 130.0115.41700 | 12#4.9 |299.7 313.7 92.9 é :
141 130.9 s |2 =M.1+ 2857 .2, 3i3.4 92.9 295, 713.
W4z 1A 7 le3. o 3.4 2859 bag.e 218.4 292 /s

(42 150.3[162.0 261. 3 300\ 286.2 7962 31.4 252 .4

1144 %0 .~ 14_uzc.o.x|mg.3 2852|952 218.7 Ez.a

145 21.7#.0 20051294, 234.7|294.4 318.0 251, 6 p9¢.0l4.7
14 15[ 8 1198.9|259.8]292.7 2852|292 5 3(7.9 251.2 >94.114.9
11472 190.9 158 .0259.1{286.5 2846 [292.3 317.9 [280.9 28|29
(42 180.9 1157. 1|258.412¢1.9 283.0a:, (- Sle.L 2904 b93.2]3.0
(/9918101 1/56.21257.¢4278- Y 254.0 |290.7 310.5 27A.0 92,7] 31
1750 120.5 [155.2256.90275 6 2544 [za.c. 317.7 723 292.2)4.3
1S 1211 l1s4.4]286.1]12722.4 284.9 [258.2 1317.4 228.L 251, 6| 34
/521921 |1s>.5]255.5]290.% 293.812:1.2 2/6.5 228 290-¢ 3.3
1/55181.%1,52.5[2550]262.9 2912 204 3(7.2 2215 290.34 2.5
154 1%2.2 | 151.5]254.5]| 268, 2 284.4 1255, 3I7.9 16.9 -39 7] 3.3
155 1°2.2180.8125392¢29 285.5].24.1 2i56 2 Mo 2 Pr et .
1ista o1 1188 11253.0l265.:0 2957 2522 3176 296 L, 259.2] 3.0
105 )UE2.9 |149.4|252.1(258.% 2325|2814 2166 274.5 9714 (.2
1158 1 82.2.1/99.71251. 1]286.9 283,21’ 19.7 2/4.5 274 .2 o cf 10
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4.2.2 a A,QTOMATIC PRESSQRE RELIEF VALVES‘

" The automatic pressure relief valve is located on the
bottom manifold of the system. The automatic relief valve
is specified to open at 125 psi, which is 25% greater than
the wérking pressure of 100 psi. Located on the top of the
manifold system is an air relief vent rated at 150 psi.
These relief valves have provided more than adequate safety
measures when used on similar Northrup concentrating collectors.
See ver; par. 2.3.1 for pressure test resﬁlts on the relief

valves.
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4,3.1 Applicable Fire Standards

T T e

There'afe no combustible materials adjacent to high temperature
components. There are no cdmbustibie fluids used in this system.
Control box is vented and experiehce hés proved that maximum temperatures
reached inside the box could be 160°F at which temperature the wiring is
approved by N.E.C. and lubricant flashpoint or working temperature is

not reachad. There are no other fire hazards.

e s SR S
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” 4.5.2. IDENTIFICATION AND LOCATION OF CONTROLS
;The only controls internal to this sYStem are limit switches
for the tracking system which are identified in the Installation,
gggrétion and Maintenance mgﬁggl. The power supply is external
and is required to be identified per N.E.C. as described in the

above manual,

139 | t



4.6,1, CONTAMINATION BY MATERIALS

The flutd handling system, which is included in this con-
tract, is composed of components which are all 3?§epted and
recognized materials and which are compatible \Nnh potable
water. The hard copper tubing, pipe fitting, pressure relief
valve, and automatic air vents are componets whicﬁ are commonly
used in domeattc hot water systems without affeétihg the taste,
odor or physical quality and appearance of the water, The
swivel fitting 1s not commonly used in potable water systems
but the materials used in its construction are commonly used.
The swivel fitting is constructed of brass, ethylene propylene
rubber and silicone rubber and these materials are commonly
used in potable water systems without effecting the quality

or appearance of the water, .
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4.6.4 GROWTH OF FUNGI

The growth of fungi, which generally applies to air
handling systems does not appropriatly apply to this system.
A11 of the components used in the fluid handling system meet
or exceed national plumbing code standards so that they will
be as safe from growth of fungi as any potable plumbing system.
The extremely high absorber temperatures will inhibit the growth

of fungi, mold or mildew inside the collector housing.
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4.7.1 PROTECTION FROM HEATED COMPONENTS

Though the design intent of this sysi:em was not to locate such
a system in an area normally subjected to public traffic, sufficient
safety measures have been taken to protect the public from the collector i
absorber surface and fluid loop both of which may be maintained at
tenmperatures in excess of 140°F. This protection was added for
functional reasons rather than a safety measure. Insulation was
wrapped around the fluid system including the absorbers to prevent
excessive heat losses. The fluid manifold loop is well insulated and
contained within a manifold structure which is actually part of the
coliector structure. The absorbers are equally well insulated. They
are enclosed in a metal casing, and cévered with the lens which also
serves as an outer glazing. Provided the ambient temperature does not
exceed 100°F no part of the collector system exterior will be main~-
tained at temperatures in excess of 140°F.

This design is similar to the Northrup concentrating collector
systems presently in use. There has never been any evidence j_ndicatmg
there was iﬂadaqxiate protection from heated components it ar. of these

installations.
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5.1.1 SOLAR DEGRADATION

The current Northrup production concentrating collector which
utilizes an acrylic lens and sensor lensing has no history of de-
creasing efficiency performance which would be attributed to yellowing
of embrittlement of the lens. Neither have any problems in the current
tracking sensor been attributed to the degradation of the housing by

solar radiation.
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5.1.3 ATRBORNE POLIUTANTS

System materials which are exposed to airbome pollutants are the

same materials of construction used in the single absorber concentrator.

Following is a list of single absorber concentrator installations

and the dates of initial exposure.

Name
New Mexico State University
Trinity University
Radian Corporation
Institute of Gas Technology
Amexican Motor Inns
Sundance, Inc.
Brefeld Plumbing
College House Apartments

A.C.E.S.

Iocation

las Cruces, New Mexico

San Antonio, Texas

2Austin,. Texas

Dallas, Texas

St. Thomas, Virgin Islands
Sundance, Utah

Trenton, Illinois

Austin, Texas

Incline Village, Nevada

Exposure
Date

1-75
4-76
6-76
9-76
1-77
9-77
6-76
6-77

8-77

Since initial exposure, airborne pollutants have not significantly

impaired the performance of the components of any of these systems.

Therefore, airborne pollutants are not expected to adversely affect

the present system.
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5.1.4 DIRT RETENTION ON COVER PLATE SURFACE

The lens of this concentrator design is analogous with the
cover plate of a conventional flat plate collector. The absorber
is contained within casing and sealed with an outer glazing of acrylic
which acts also to concentrate the transmitted 1ight by refraction.
The outer glazing in this particular design has an eight inch radius
of curvature which should facilitate the natural cleaning of the
collector plate by rainfall. Since the collectors are mounted aligned
with the polar axis, the lens surface has a slope equal to the lati-
tude angle. This longitudinal design slope, the radiusof curvature,
and the daily rotation of the collector will minimize dirt retention
on the cover plate. Water spots and any fine particles which do
tend to cling to the surface will have no greater effect on the lens
performance than they would have on any other conventional flat plate
cover. Simple hosing of the lens is sufficient to c]eankdirt from

the acrylic surface.
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5.1.5 ABRASIVE WEAR

Acrylic is a relatively soft material as compared to glass, however,
the use of glass lens is quite impractical under these conditions.
Abrasive wear-might be expected to present a possible problem in areas
subject to wind driven sands. However, outdoor aging studies by'Sandia
Laboratories” indicate that transmission loss due to abrasive wear over
a 17 year exposure period amounted to only ten per cent. Of this ten
per cent loss, three per cent was atfributed to a chemical change in
the material, a slight ye]]bwing, while the other seven per cent was
attributed to pftting by sand particles. Only a ten per cent loss over
seventeen years due to surface erosion in such wind driven sand area
as Albuquerque, New Mexico indicates an ability to resist surface wear
which would significantly impair the collector from functioning at its

design capacity.

*L.G.Rainhart and W.P.Schimmel, Jr., "Effects of Outdoor Aging
on Acrylic Sheet", Solar Energy,17, 259-264 (1975).
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5.1.6 - FLUTTERING BY WIND

The only camponents in this design that would be subject”to”wind
fluttering to an extent that might be functionally damaging is the lens.
However, as can be seen m the design drawings the lens is held secu:.“gely
to the casing along each side ¢f the lens., Even without this sc-:c\.:re5
fastening the .090" minimum lens thickness is more than adequate in pro-
viding support for the 12" spm Since fluttering of the iens will not‘
occur even at moderately high wind speeds, ;10 damage is expected as the
result of this influence. Similar concentrating collectors, . including
structural camponents, have shown no indication of degradation either
functionally or cosmetically which would be attributed to wind flutter-

ing.
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5.1.6 FLUTTERING TEST

Procedure

Wind flutter for the entire collector array was checked by
inspection during eight days of tracking (6/22/78 through
6/29/78). Wind and temperature Qata were taken by our instru-
mentation. The voltage across the solar sensor was recorded
by a strip-~chart recorder. 1In addition, impulses from the
electronic control board that indicate tracking direction

were recorded.

Results

As evidenced by the strip-chart recordings, the wind did not
interfere with tracking. That is, the time space between west
tracking update periods remained reasonably constant throughout
each test and there was never any evidence that wind had caused
the collectors to track east. The strip chart recordings immedi-

ately follow.
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5.2.1 THERMAL DEGRADATION

Lens

Although the extruded acrylic lens hasa low melting point of
about 1800 F, the Tens will not be subjected to such temperatures.
The lens is sufficiently removed from the absorber tube that the
temperature at any point on the lens should not exceed a temperature
of 1500 F. Many collectors mechanically similar to this design have
been in field use for years ang not one failure has occurred which
can be attributéd to thermal degradation.
Casing

A semi~-rigid insulation is used in the design. This is the same
insulation used 1in previous Northrup Concentrating Collectors. In these
collectors thermal performance has never been impared because of out-
gassing of the insulation. Condensate does not form on the inside lens
surface which means that light transmission will not be impeded. In
addition, the semi-rigid insulation will not lose its shape. This
eliminates any chance that the insulation will fall down over the
absorber and obstruct incident sunlight.
Manifold |

The fluid Toop manifold system is constructed of hard copper
tubing and will not be detrimentally affected by the temperafures that ’
are generated by these collectors. The pressure re]ief.valve and the
automatic air vent are constructed of materials capable of withstanding
normal design service temperatures as well as the design pressure at

these service temperatures,

Alrsorber

The absorber will be constructed of type M, hard copper tubing and
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5.2.1 (Continued)

has a maximum rated temperatufe in excess of 600°F. The selective
coating of bright nickel and black chrome has a maximum temperature
of about 650°F before the selective properties of the coating

are permanently affected. Stagnation temperatures shouid never
ekceed 400°F and therefore should not affect the performance of
the selective coating.

The swivel joints which are used to connect the absorbers and
manifold are also subject to extreme fluid temperatures. These
swivel joints are designed to withstang temperatures of 300°F at
pressures dreater than 125 psi. The swivels have been tested in

actual operating conditions. No leaks were detectable under these

conditions. See ver. par. 5.2.5 for the test results.

Tracking System

The components of the tracking sysﬁem are exposed 6nly to
the ambient tempefatures and are not subjected to the extreme
temperaturés of the collector. Therefore, the components of the
tracking system have been selected based on the consideration_

that they will be exposed to extreme outdoor temperature conditions.
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5.2.2

DETERTORATION OF HEAT TRANSFER FIUIDS

For warm to mild climates where freezing occurs only several
days of the year or not at all, the recommended heat transfer
fluid is water. Freeze protection will be accomplished by
forced circulation during extreme cold periods. The all
copper. absorber and manifolding meet domestic water codés. As
a result the manifold absorber fluid loop is analogous to a
conventional hot water system. Therefore, precipitation
and scaling shiuld not occur to any greater extent than it
does in conventional damestic water systems.

In colder climates ethylene glycol, pure or in solution
with water, recammended for use with the system. This fluid
is recomended for use with all the materials it comes in con-
tact with, as outlined in Section 5.3.1. The ’design operat-
ing pressure of 100 psi will allow service temperatures in
excess of 300°F before boiling occurs with either water or

ethylene glycol as the fluid.
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5.2.3 THERMAL CYCLING STRESSES

Lens

The acrylic lens is the major component of this collector
system design which is most susgeptib;e to thermal cycling.  Long
term exposure tests have indiéated that there is liﬁtle physical
damage which would be associated with thermal cycling provided
proper allowances have been made in the design for stresses due
to the lens thermal expansion and contraction. The expansicn and
coﬁtraction of the lens results in a difference of 0.047" per
foot between ambient temperatures of 20 to 120°F. The follwing

table illustrates the thermal expansion and contraction of the

acrylic
|

(MILS PER FOOT)*

% RH 0 20 2 & 0 & W 8 0
% Moisture 18 32 46 61 76 90 105 120 135

0| -33 -3 =29 -6 ~22 —18 -13 -8 =2

0| -9 - -25 -2 -18 W -9 -4 +2
0] -5 -23 -2 —18 —4 10 -5 0 +6
50| -21 =19 -7 -4 =10 —6 -1 +& +10
L0 —16 —14 =12 =3 =5 -1 +4 49 +I5
0| 1 =9 =7 -4 0 44 43 +U =20
E B] —6 —~8& =2 +1 45 +9 +14 +19 435
RN —1 41 43 +6 +10 +14 +19 +2¢ +30

100] +4 46 +8 411 +15 +19 +2 429 +35
U0 48 +11 413 +16 420 +28 +29 +3 +%0

1201 +14 +16 +18 +21 +25 429 +H +39 <45
of Mil =0 00t incnes : :

In order to accomodate this size cycling the casing and lens

are designed so as to provide a sliding attachment for the lens.

Screws at the top of the casing provide a fixed point for the lens.

The bottom end of the lens is not fastened to the casing but is

~allowed to move in order to accomodate the dimensional changes of
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5.2.3. (Continued)
the lens which might be as gféa% gs one inch depending on tem-
peratﬁré, and ﬁﬁmidity conditions. Therefore, the slide design
allows free movement of the lens due to thermal expansion and
alleviates tﬁe thermal stress in the lens.
Absorber

Thermal stress in the absorber aésembly should not be a
problem due to allowances of adequate space for expansion (see
2.2.5).

The lens and absorber design are similar to the ones incor-
porated in the many Northrup concentrators now in the field. 1In
these collectors, stress due to thermal cycling hasvnot resulted

in physical damage.
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5.2.4

LEAKAGE

See verification paragraph 2.3.1.
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5.2.5. DETERIORATION OF GASKETS AND SEALANTS

There is only one gasket or sealant which is in contact
with the heat transfer fluid in the design. The o?ring:seal
of the GRA-TEC swivel is exposed to the transfer fluid. Ethyleng
probylene rubber, EPR, would be‘récommended for systems using
water as the heat transfer fluid. Although the recommeddeb
temperature rangekfor EPR‘iS 65° to 300°F, this material is
recomméndéd forfwater or steam lines .up to 400°F. The material
is ais6 quite good at resisting drying and embrittlement. An
accelerated swivel 1life test indicates that the EPR o-ring
seal can endure 20 years of the rotations it will be subjected
to in actual field installations. The test write-up immediately

follows.,
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5.2.5, 2.1.3, 2.2.6, 5.2.1
ACCELERATED SWIVEL & FLEXIBLE JOINT LIFE TEST

PROCEDURE

The proposed swivel-flexible hose joint will be mounted on a

test fixture that will simulate actual field operation. The

hose end will be connected to a éfationary tube while the swivel
end will be connected to a tubektﬁat will rotate 180° in one
direction, then will rotate back 180° to the original position.
This complete cycle will take place every 69 seconds as opposed
to an actual collector-swivel arrangement which would undergo

a cycle once a day. During the accelerated test, approximately

a 50% ethylene glycol-water‘sdlution will flow througﬂ the |
swivel. The fluid temperature will be varied so that . its
temperature will be about 160° F for a portion of eacﬁ“day and
about 260° F for the remaining part of each day. It is'hoped
that the swivel-flexible hose joint will survive six (6) days ofé
testing without leaking which cor:esponds to more than twenty (20)
years of cycles in a real collector situation. There is ample
reason to believe that this swivel will pass the test since

a similar design has easily met this requirement.

RESULTS

The accelerated swivel-flexible joint life test was performeq
according to thé above procedure. The test was started

May 15, 1978, and allowed to run at 80 psig for a duration of

six days.
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; The test was3répeated at 100 psig beginning May 23, 1978,
'. and ruh for a duration of six days. Once each day in both- tests
% the.préssure was reduced to zero psig to ensure that there Qouid
be no leaks at low pressure. For the second test the fluid

temperature was mé'intaingd at approximately 200° F throughout.

In either test there was no leaking of the swivel joint. The

flexible hose and the O-ring showed no signs of deterioration.
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5.2.6 TRANSMISSION 'LOSSES DUE TO OUTGASING

A semi-rigid insulation is used’ in the design. This is the same
insulation used in previous Northrup ooncentratj:irgrcollectors. In
these collectors. theyrmal perfoi:f’rﬁhce has never been impaired because of
outgassing of the insulation. Condensate does not form on the inside

lens surface which means that sunlight transmission will not be impeded.
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3.3.1, MATERIALS/TRANSFER FLUID COMPATIBILITY

This system is designed so as to provide domestic hot
vater as well as hot water for heating and cooling applicétions.
Since potable water is recommended as the normal heat trénsfgr
fluid;:ali the ¢omp6nenté of the fluid line must be chemically
compatible with potable water. The copper lines used in the
manifold and absorbers are compoéed of materials identical with
that used in domegtfc hot watter applicétions. Similarly the
pressure reliéf valve and automatic air vént are components
which are designed for use with potable water. The swivels
are made of brass and silicone rubber are also compatible &iﬁh
potable water‘aﬁd finally the ethylene propylene rubber o-ring
is recognized as a standard seal material for hot water applications.
Therefore, all of the components and materials used in the
fluid handllng system are recognized for potable water applications.
Ethylene glycol is also recommended for use with the system,
Volume 1 of the ASM Metals Handbook gives a good corrosion resistance
rating to copper, brass, and bronze when used with ethylene
glycol., The alr vent and the swivels are made of brass and
the pressure relief valve is made of bronze so these componen;s'
of the system can be used with ethylenc glycol. Silicone rubber
and ethylene propylene rubber, materials also used in the swivels,

are compatible with ethyléne'glycol.
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5.3.2 CORROSION OF DISSIMILAR MATERIALS

There are no non-isolated dissimilar materials in contact
with each other in this design which would cause corrosion. The
fluid loop including the nanifold, absorber tubes, pressure relief
valve, air vents, swivel fittings and expansion joints are all
constructed of copper or brass and present no corrosive problem
due tb dissimilar metal junctions. If the user intends to connect
this brass and copper system to other piping materials then he
must take necessary precautions to prevent corrosion at the
interface. This interface connection, however, is the responsibility
of the user. |

The housing and structural support utilize no dissmilar
metal junctions which might cause corrosion. Therefore, there are

no non-isolated dissimilar metal junctions which would result in

. corrosion due to electro chemical reactions.
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5.3.3 CORROSION BY LEACHABLE SUBSTANCES

This systeh does not utilize any materials which release
chemical substances that can leach other materials. The manifold
housing as well as the collector housing or casing is constructed
of galvanized steel and will not deteriorate if the leachable
substance did exist. Furthermore, no collector system in use
which was manufactured‘by Northrup uéing these same materials
has corroded due to leachable substances released from another
component so as to impair the ability of the component to perform

'its intended function over its service life.
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5.3.4 EFFECTS OF DECOMPOSITION PRODUCTS

The design of this system does not utilize any material which
pan chemically decampose and effect the operation of any other
camponents. Possible problem areas such as the decamposition of
the absorber coating and the bearing shafts will not effect the
performance of other camponerits in the collector. The bearing is -
campletely sealed so that any rust cannot impair the functional o
movement of this component. The black chrame coating on the copper
tube is capable of withstanding 650°F temperatures and will not
release materials or products .whicb. can condense on the inside lens
surface. Therefore, it appears that there are no components or items
in the collector design which are extremely susceptible to chemical
decomposition. So there is little chance that any chemical deccmpom-
tion products will be expelled from 'ccmponentvs under in-use mnditiohs

and cause the degradation of other cdnponents.
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5.4.1 o WEAR AND FATIGUE

Movihg parts in the system design include the automatic air
eliminator, pressure relief valve and swivels in the fluid hand-
ling system,wtﬁéséhaft bearing for icollector rotation and finally
the limit sﬁitches, relays, drivé screw assembly, and electric
motor of the tracking system.

Fluid Handiing System

The automatic air eliminator vent is manufactured by Maid-O
Mist. The recommended vent is model ndmbéré74 and is rated at
150 psi maximum system pressure. The vent is buiit of non-
ferrous metals, a Monél metal spring and a Neoprene valve seat.
Neoprene 1s resistant to pg#roleum oils, siiicone fluids and
water, and has a recommendéd service temperature éf,more than
300° F. The number 74 auto-vent is a quality iﬁdus?ry wide
recognized air vent capable of long life time operation. However,
being guite economical, replacement of the air vent after several
years éf service is quite reasonable.

Pressure Relief Vvalve

The pressure relief valve recommended for this system is a
Watts number 3L sst at 125 psi release. It has a ASME construction
and is certified by the National Board of Boiler and Pressure
FVeséel Ihspectors. The body is constructed of bronze and all
other materials are isolated on the exterior of the valve seat.
This valve is compatible with water and steam and has a maximum

heat release capacity of about 2,500,000 BTU/HR.
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5.4.1 (continued)

Collector Panel and Tracking Drive Bearings

Bearings are permanently lubricated, totally enclosed ball .
bearings, designed for extreme weather in unprotected applicatidns
such as farm tractors, rolling stocks, cranes, crushers, screws,
etc. The lubricant is designed for a maximum 250° F constant
operating temperature and 300° F maximum intermittent temperature.
Under design loads and conditions, manufacturers tests are
published as follows after 1,800,000 revolutions:

Loss of lubricant: 15%

Increase in friction: 0.01 inch pounds

Loosening on shaft: None

Under normal operation conditions, the collector bearings
make one revolution per day or 7,300 in 20 yeérs and tracking
system bearings make 620 revolutions per day or 2,264,550 in
10 years. From the above,.it is apparent that these bearings
should function properly for their service lives without excessive
wear or malfunctioning.

Swivel Joints

The swivel is constructed of plain brass and silicone rubber

and utilizes an ethylene propylene rubber o-ring. The results

of an accelerated swivel 1life test indicate that it can withstand

the rotations involved in 20 years of actual field operations
(see verification paragraph 5.2.5 for test write up).

Tracking System Relays & Limit Switches

The tracking system typically updates its position every

45 seconds. This corresponds to .35 million operations per year
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for thé’Qest drive relay. The relays are rated at 10 million
operations, and, therefore, should have a lifetime of more
than 20 years.

The \limit switches will operate approximately 400 times a
year. Tﬁe 8,000 operations corresponding to a 20-year lifetime

is well within the design limits of the switch.

Tracking Drivé Screw and Nut

According to thevmanufacturer, the lifetime of the delrin
drive nut will be as high as 106 inches when used in a low speed
application such as in th;s éollector system.

For purposeS«oﬁ lifetimé calculation, it is assumed the drive
screw will travel the maximum possible distance as required by the
tracking components or 61.8 inches per day or 61.8 x 365 1/4 =
2.26 x 104 inches annually.

It is evident the calculated life of the drive nutkis in
excess of 20 years of utilization or the design life of the system.

Tracking Drive Motor

The drive motor is a permanent split capacitor gearmotor,
with a permanent gearcase lube. They have shrouded cooling for
continuous operation and a dual thermal and current overload sensor
to further protect the motor. Life expectancy as estimated by the
manufacturer is 2000 hours of running time whiéh corresponds to
4.25 yéars of collector operating time. This motor is relatively -
inexpensive and serves 500 net sg. ft. of collectors. It is
conSidered'that replacement at a consumer cost of approximately
$20.00 is in the bést interest‘of'the user rather than select a
ﬁotor of twice this cost and still risk replacement. Replacement

is easily facilitated without dismantling other parts of the system.
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6.1.1 L ~ ACCESS FOR SYSTEM MAINTENANCE

The colléctor‘system was designed so that components would

be easily accessible for inspection, service, repair, removal
or replacement,

Sheet metal 1ids cover both manifold housings and can be:
easily removed after taking out the conhection screws. With |
the lids off the manifolds can be readlily inspected or repaired
if necessary. Should manifold replacement be required, the
sheet metal stiffehe;s on the housing can be easlly taken off
and GRA-TEC swivels quickly disconnected.

The easily disconnected swivels also will allow easy
removal of collectors,. The inner portion of a collector is
readily accessible by removal of the lenses which merely
require taking off the lens hold downs.

' The electronics and drive mechaiiism are enclosed in a
sheet metal box and are reached by unfastening a sheet
metal 1lid. Individual components can then be inspected or

replaced if needed.
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6.1.2 ~ ACCESS TO SYSTEM MONITORING -

Any devices or sensorS which wouldﬁbe'required to monitor
the system performance can béwmoun;ed externallyAto phis system.
Appropriate flow meters and temperature sensing device; can be
mounted on the ends of the manifolds~to monitor the overall perfor-
mance of the collector system. No allowancés have been made in
the manifold system tqrmonitor individual collectors since this
would be prohibitively costly as a monifofihg process. kAdequate
allowances have been madé“in the manifold support systems to
accomodate instrumentation should the user decide they are
appropriate. Instrumentation and application of sensing devices
will be the responsibility of the user and not the responsibility
of Northrup. However, special arrangements can be made to

accommodate sensor mounting.
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6.1.3 DRAINING AND FILLING OF LIQUIDS

The concentrator fluid loop including the manifolds and
absorbers, can be drained and refilled through the bottom
manifold. A single valve in the bottom manifold can serve as
the drain for the entire array. Draining is accomplished by
opening a drain valve in the lower manifold and opening a vent
valve in the top manifold in the array. The air vent at the
top of the upper manifold automatically allows air to escape
and eliminate air pockets when the system is refilled. The
automatic air veht is described in criter:on 2.1.5. In addition

to this air valve, a manual bleeder valve is provided to insure a

- fail-safe check for entrapped air when maintenance draining is

required.
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6.1.4. FLUSHING OF LIQUID SUBSYSTEM
The system should be flushed with plain tap water using

the procedures outlined in the Installation, Operation, and

Maintenance Manual.
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6.2.1 'InStailation Instructions

The installation of the collector system is covered fully

in the Installation, Operation, and Maintenance Manual.

6.2.2 Maintenance and Operation Instructions

These instructions are included in the Installation, Opera-

tion, and Maintenance Manual.

6.2.3 Maintenance Plan

The maintenance plan is given in the Installation, Operation,

and Maintenance Manual.

6.2.4 Replacement Parts

Parts, components and equipment required for service, repair

or replacement are available from the system manufacturer. A

parts list and availability are included in the Installation,

Operation, and Maintenance Manual.
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6.3.1 MAINTENANCE OF H AND HC SYSTEMS
H and HC systems are not included as part of this collector
system, but are the responsibility of the user. Therefore, this

requirement is automatically satisfied.
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6.3.2 MAINTENANCE OF DHW SYSTEM
A DHW System is not includéd as part of this collector system,

but is the responsibility of the user. Therefore, this requirement

is automatically satisfied.
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11.2.1 CHEMICAL QORROSION

The design of this system 'crldes not utilize any material which can
chemically decarpose and effect the operation of any other components.
Possible problem areas such as the decar;;;)sition of the absorber coat-
ing and the bearing shafts will not effect the performance of other
components in the collector. The Eearing is completely sealed so that

any rust cannot impair the functional movement of this camponent. The

black chrome coating on the copper tube is capable of withstanding 650°F
tamperatures and will not release materials or products which can con-

dense on the inside on the inside lens surface. Therefore, it appears

that there are no components or items in the collector desian which are

extremely susceptible to chemical decomposition. So there is little

chance that any chemical decomposition products will be expelled from
camponents under in-use conditions and cause the degradation of other

canponents,
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11.2.2 HEAT AND MOISTURE

Supports of this solar system are space 10.0" north-§outh
and 10.0' east-west for each &ollector panel. These are éhe
only points that are in contact with the mounting surface. All
other components of this system are above and have free air

circulation between the mounting site. The supports are well

insulated from any heat p:oduding components. Excessive conduc-

tion to the mounting points would not take place because of this
insulation. Furthermore, the insulation is separated by at

least 33" of metal which is exposed to ambient temperature and

free air circulation.
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11.3.1 MATERIAL COMPATIBILITY

There are no non-isolated dissimilar materials in contact
with each other in this design which would cause corrosion. The
fluid loop including the manifcld, absorber tubes, pressure relief
valve, air vent, swivel fittings and bleeder valves are all
constructed of copper or brass and present no corrosive problem
due to dissimilar metal junctions. If the user intends to connect
this brass and c¢opper system to other piping materials then he
must take necessary precautions to prevent corrosion at the inter-
face. This interface connection, however, is the responsibility
of the user.

The housing and structural support utilize no dissimilar
metal junctions which might cause corrosion. Therefore, there are
J%% no non-isolated dissimilar metal junctions which would result in

corrosion due to electrochemical reactions.
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