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This document constitutes the certification and verification

of the Model NSC-01-0732 fresnel lens tracking solar collector.
r

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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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 .^ aF T ^t
of Plumbing-Heating-Cooling Contractors 1971.	 ^'•r

P ofessional Eng2n  

4	 National Electrical Code 1975

Prof .bsional Engineer

Building Code ANSI A58.1-1972
Applied to the Dallas/Ft.Worth Region	

gFor Installations less than 30 ft. above round

Professional Engineer

}

rt	 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 requirements.

Pr fe si nal ^ineer

xc
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3005 Hanover
Dallas, Texas 7522
May 28, 1978

Mr. Carl L. JacobsI Northrup, Incorporated
302 Nichols Drive
Hutchins, Texas 75141_

Dear Mr. Jacobsi

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,

Bien Mohraz Ph.D. t P.E.
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Analysis of the Supporting System

Several analyses of the supporting sZptem were carried out

using the ACES (Analysis of Civil Engineering Structures) computer

program. The supporting structure was idealized as a combination 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 condition was carried

out using the loads provided by Northrup which; are based on the

actual weights of the components.

t
b. Live load The anlysis- for this loading, condition was carried

out based on a live load of 16 pounds 1,er square foot (psf)
which is the minimum roof live load specified by ANSI (Table 3
ANSI A58.1-1972) . It is believed that -this load is more
appropriate than a live load of 4.6'7 psf (based on 1" thick
ice') used by Northrup.

c. Wind load Since it is conceivable that this 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 is 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 flatc ^. country, open flat coastal 'belts, and grasslands,
'	 and a he ..U' of less hay, 30 :Feet, a wind pressure- of 46 psf

(Table 6 ANSI 58:1-1972) was used in the analysis.

.-.: Tyr .n :epend.et t wind directions were considered in the

_F

i EVALUATION OF THE STRUCTURAL DESIGN OF THE
NORTHRUP ML SERIES COLLECTORS

MODEL NSC-01-0732
j

6



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 analys..;6 indicate that the design of the various
members of the supporting frame is adequate. Th '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 using Section 2.3.1.1 of the Cold Form Specification,
1968 edition. The stresses are well below the allowable limits.

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

E

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 is to be used in other

locations, the wind bracing needs to be increased by additional

inbrac	 in other side	 gt	 g	 panels, 	 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 is

`	 adequate Proper anchoring of the supporting system -to the
i

r
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foundation is necessary in order to avoid pull-out caused by

the wind loading. In addition the assembly of connections Ott

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 loadi-,-Z conditions and

the examination of the structural design of the supporting

system for the Northrup ML Series Collectors, Model NSC-01-0732.'

the following conclusion,, 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 ,ehould 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

x	
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.

4,Tbe 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
Bij n Mohraz, Ph.D., P.E.

r°	 t	
8	

i



Member	 Axialta'	 Bending	 Loading ( c )	 w/t	 w/t
stress	 stress	 Combination	 allowable	 actual

psi	 psi

South brace3374 C	 433	 D+L+W (horize)	 93	 85

Manifold Support 2159 C	 811	 D+L+W (perp.) 	 116

Manifold Strut	 1179 C	 809	 D+"L+W (horiz.)	 157

Inclined Strut	 1513 T	 861	 D+L+W (perp.)

North Column	 3529 C	 -415	 D+L+W (perp.)	 91

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

(c) D = Dead load; L = L i ve load, W = Wind load
L

I
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ITEM (NAME & F'ART NO.) 	 VERIFICATION CROSS
REFERENCE MATRIX

1. SIMILARITY	 3. INSPECTION	 N/A	 NOT APPLICABLE
VERIFICATION METHOD: 2.-ANALYSIS	 4. TEST

VERIFICATION PHASE
PERFORMANCE REMARKS
R.EOUIREMENT

DEVELOPMENT QUALIFICATIO N ACCEPTANCE

Residential
Interim Performance

Criteria

1.2.4 1 3 3

1.3.1 1,2,4 4 4

2.1.1 1 3 3

2.1.2 1 3 3
2.1.3 1,4 3 3

2.1,4 1 3 3

2.1>5 1 3 3

2.1.5 1 3 3

2.1.7 2 4 3

2.1.8 3 3 3

2.2.1 1 3 3

2.2.2 1 3 3

2 . 205 1 2 4 k4

2.3.1 1 4
2.3.2 1 4 3

^	 a

2.4,1 1 4 3
I#

2.4 ° 2 2 2 3 1!
2.7.1 1 1. 3
2.8.1 l 4 3 n

3.1.1 1 1 3
3.1.2 1

2 3

^. r
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ITEM (NAME R PART NO.) VERIFICATION CROSS
REFERENCE MATRIX

1.y,SIMI[.Af21TY	 3. INSPECTION	 N/A	 NOT APPLICABLE
VERIFICATIO N METHOD.	 21. AINA YS^	 IS	 _	 4. TEST

VERIFICATION PHASE
#	 PERFORMANCE REMARKS

REOUIREMENT DEVELOPMENT OLIALIFICATION ACCEPTANCE

3.2.1 1 2 3

3.2.2 1 2 3

•

i	 3.2.3
i

3 3 3

3.?.4 1 -3 3

3.3.1 1 3 3

31.3.2 1 2 3

3.4,1 3 3

3.7.1 1 2 3

3.8.1 1
3 3

4	
3.9.1 1 3 3

f 4.1.1- 1 3 3

1
4.1.2 1 1 3

' 4 3

4.3.E y	 1 3 3

t
x .5.2

I
1 3 3

I_	 4.6.1 L 3 3 .

j	 4.6.4 1 3 3
f	 .

4.7.9 1 3 3

i

3 3

i	 5,,1.3
1

3 3

5.1. 4 3 3

5.1.E 1 3 3

5.1.6 1 4 3

12
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VERIFICATION CROSS 	 ! d•

r.

E

I

ITENi (NAME & PART NO.)

REFERENCE MATRIX
1. SIMILARITY	 3. INSPECTION	 N/A	 NOT APPLICABLEVERIFICATION METHOD: 2. ANALYSIS	 4. TEST

VERIFICATION PHASE
PERFORMANCE
REQUIREMENT REMARKS

DEVELOPMENT OUALIFICATION ACCEPTANCE

5.2.1 4 3 3

5.2.2 1 3

5.2.3 1
3

3

5.2.4 1
4 3

5.2.5 1 4 3 1

5.2.6 _1 3 3

5.3.1 1 3 3

5.3.2 1 3 3

5.3.3 1 3 3

5.3.4
' 1

3 3

5.4.1 1 3 3	 . f'

601.1. 2 3 3

6.1.2 1 3" 3 .

'6. 1. 3 1 3 3 c

6.1. 4 qq

^•
3 3

II.

6.2.1 3 3 I 3
l^

6.202 3 .3. 3

6.2.3 3 3 3

6.204 3 3 3

6.3.1 3 3 3

6.3.2 3 3 3

1102.1 1 3 3

11.2.2 1 3 3

11.3.1 1 3 3

13	
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IT EM (NAME & PART N O.)	 VERIFICATION CROSS
REFERENCE MATRIX

1. SIMILARITY	 3. INSPECTION— N/A_ NOTAPPLICA©LE
VERIFICATION METHOD: 	

1.
 ANALYSIS	 4. Tr .,j

VERIFICATION PHASE
P1=RFOR MANCE REMARKSRECIUIREMENT DEVELOPMENT QUALIFICATION ACCEPTANCE

Commercial
Interim Performanc
Criteria

1.3.1 1,2,4 .4 4

2.1.1 1 3 3

291.2 1 3 3

2.1.3 194 3 3

2.1.4
1 3 3

2.1.5 1- 3 3

2.1.6 1 3 3

2.1.7 2 4 3

2.1.8 3 3 3

2.2.1 1 3 3

2.202 1 3'
3

r

2.2.4 1,2,4 4 3

2. 2 .6 4' 3 3

{{	 2.3.3- 1 4 4

IJ	 2.3.2_ 1 4 3

2.4.1 4

2.7.1
1 1 3

3.1.1 1 1 3
r:
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ITEM (NAME & PAR T NO.) 	
VERIFICATION CROSS

REFERENCE MATRIX
1. SIMILARITY	 3. INSPECTION	 N/A	 NOT APPLICABLEVERIFICATION METHOD: 2 ANALYSIS	 4. TEST

VERIFICATION PHASE
PERFORMANCE
REOUIREMENT REMARKS

DEVELOPMENT OUALIFICATION ACCEPTANCE

.2.1

3.2.2 1 2 3

3.2.3 3 3 3

3.2.4 1 3

3.3.1 1 3 3

3.4.1 1 3 3

3.7.1 1 2 3,

3.9.1 1 3 3
k4.1.1	 - 1 .3 3

4.1.2 1 1 3

4.2.1 1,4 4 3

4.2.2 1 4 3

4.3.1 1 3 3

4.5.2 1 3 3

4.6. 1 1 3
,

I

1

4.6.4
q
1 3 3

4.7..1 1. 3: 3

.5 111.1 
q1 _ 3 3

5.1.3 1	 1 3	 1 3

5.1.4 1 3

5. 1. 5 1 3 3

5.1.6	 ., 1 4 3

5.2 .1 4 3 3

5.2.2 1 3 3
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ITEM (NAME & I-ART NO.) VERIFICATION CROSS -- 	 "
REFERENCE MATRIX

--	 1. ,SIMILARITY	 3. INSPECTION	 NIA	 NOT APPLICABLE
VERIFICATION METHOD; 	 ;z. ANALYSIS	 4. TE

VERIFICATION PHASE
PERFORMANCE REMARKS
REnUiREMENT DEVELOPMENTI OUAOF CAT10N ACCEPTANCE

i	 5.2.3 i	 1 3 3

5.2.4 1 4 3

5.2.5 i 3 3

5.2.6 1 3 3

5.3.1 1 3 3

5.3.2 1 3 3

5.3.3 1 3 3

5.4.1 1
3

6.ie1' 2 3	 _	 - 3

6.1.2 1 3 _ 3

6.1.3 1 3 3

6.1.4 1 3 3

6.2.1 .3 3 3

6. 2.2 3 3 3

6.2.3 3 3	 ,, 3

6.2.4 3 3 3

6.301 3 3 3

-6.3.2 3 3 3

91.201 1 3 3

11.2.2 1 3 3

IL, 3. 	 " 1 3 3

16



When domestic water is used as the heat transfer fluid, Codes

for potable water do not require'heat exchangers for proper operation.

Other than the tracking module, all outside auxiliary energy sub-

systems are camplimentary 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 fittings,

which are standards for domestic water systems. The tracking module

can be easily serviced, and any defective ccnVonent therein may be

conveniently replaced 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 ,rater
i`

equipment.

46
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COLLECTOR EFFICIENCY

The 1.977 Northrup production concentrating collector consists

of three main parts. 	 They are the Fresnel lens, the sheet metal

I

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

evident that the efficiency criteria specified by this contract can

be metby a flattened absorber tube approach.	 Furthermore, the

r̀:
Fresnel lens has been improved and now provides better concentration

r
r

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.

(

y
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TESTING OF SOLAR COLLECTORS ACCORDING
TO ASHR_kE STANDARD 93- 77

^7 7}^ i	 •1^

s,

James E.	 Hill, Senior Mechanical Engineer	 :j
John P. Jenkins, Mechanical Engineer
Dennis E. Jones, Mechanical Engineer 	 a'

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 Standards (NBS) in 1974. In early 1977, 	 the Ameri-

can Society of Heating	 Refrigerating and Air—Conditioning Engineers (ASHRAE)

adopted ASHRAE 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, m2
CA = effective heat capacity of the collector, 	 its components,

! and the transfer fluid in the collector,	 J/°C

c p = specific heat of the transfer fluid, J/(kg.$)

F' collector efficiency factor

E FR = collector heat removal factor
L = total solar energy incident upon the plane of the collector

per unit time per unit area, W/m
' I = total	 solar energy incident	 upon a horizontal surface, 	 W/m2

Kaz
= incident angle modifier

f

m'' = mass	 floc rate of the transfer fluid through the collector,
kg/(s.m )

q = rate of useful energy extracted	 from the collector, 41

Ru ratio of total solar energy incident upon -a tilted surface
to that upon a horizontal surface

= ambient	 air 'temperature,	 °C
t
f

= average temperature of the transfer 	 fluid	 in the collecter,
0C

tE,e = temperature of the transfer	 fluid	 leaving the collector,	 °C
t E,i = temperature	 of the	 transfer	 fluid entering	 the collector,	 °C
U L = heat	 transfer	 loss	 coefficient	 for the	 collector,	 W/(m2.'°C)

S	 jl
19
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III. TOLERANCE - ABSORBER TUBES

^t
lA 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.
I,

The resulting efficiency curve is shown on the next page. 	 For

black chrome coating the efficiency intercept is expected to be

n	 =	 (.95/.98)	 (800)	 =	 77.,5

while the slope of the curve should remain the same.	 Regarding

~
the 4-lens design, there are extra tolerances to take into I

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 widthturns out to be 1.72"

(see table 1).	 A 1-1/4" nominal diameter copper tube flattened

I to 1.78" has been pressure tester. up to 150 psig in anticipation

{ of the new absorber design. 	 See Pressure Test:	 Flattened Tube

3/23/78 for tho conclusions.

u
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RELATIVE ALIGNMENT,

1.	 Inlet (or outlet) to absorber + 1/32	 z'f

2.	 Inlet	 (or outlet) to housing center t 1/32

3.	 Lens center to housina center + 1/32

i
Absorber Width + 1/64

—
Thermal' Expansion +	 .03

MAX. DEVIATION 0.14 in

t	 j
_

j Test absorber - Single Lens Coi'.ector = 1-7/16

Conservative Tube Size needed for the 4-Lens Collector

1-7/16 + 2 X 0.14 = 1.72 in 

I
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PRESSURE TESTi	 FLATTENED TUBE
3/23/76

B

A

INTRODUCTION

A 1 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 width 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
J

to flatten it as much as possible in order to "pick up" stray

light from the lens,	 The limiting factor is internal pressure.

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 used.	 The tube tested was 10 feet long., 	 The results are

tabulated below.

Type M Copper Tube, 1-1/4 11 Nominal Diameter Pre-Flattened

PRESSURE	 (psig)	 DIM. A	 DIM. B-

0	 1.78	 .88
50	 1.78	 98
70	 1.75	 .89
90	 1.75	 .91
110	 1.75	 .94
130	 1.73	 .95
150	 1.72	 .97

Z7
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j The highest test value, 150 psi, is 50% higher than the

Kn normal working pressure which verifies the practicality of r.l

using a tube such as this in relatively high pressure sit-
_

".

uations.	 The recommended width for the 4-Lens absorber
14

tube is 1.75".
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1.3.1	 THERMAL PERFORMANCE (EFFICIENCY)

INTRODUCTION e

Efficiency curves for a 4-lens collector panel were determined;

for 00 and 120 incidence..	 The test procedure used was similar

to ASHRAE Standard 93-77, although somewhat abbreviated.

EQUIPMENT

Two stainless steel sheathed Type T thermocouples to measure

_ the collector inlet and outlet temperatures; 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 instantaneous signals from

the thermocouples, pyrheliometer, pyranometer, and anemometer, a

thermocouple housed in a well ventilated instrumentation shelter

painted white on the outside to be used in measuring ambient

temperature.

s CALIBRATION, PROCEDURE:

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

used for the ambient temperature measurement was checked

against an Erco precision mercury-in-glass thermometer. 	 They

were compared in ice water, and then in ambient air. 	 In either

case, the thermocouple agreed to within +.5
0
F of the thermometer.

= 2.	 Prior to the efficiency tests, two stainless steel sheathed

thermocouples were tested by placing them and the Erco pre-

cision mercury-in-glass thermometer in ,silicone heat transfer-

29
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fluid that was heated to about 320 °F. 	 The fluid was allowed

to cool to about 60 OF during which time the responses of the

three temperature measuring devices were periodically monitored.

In all cases, the thermocouples agreed to within at least 0.20F
P,

of each other and to ;0.5°	 of the thermometer/which was occas-

ionally checked.

3. The-flow meter was calibrated by running water through it at -

about 1.7gpm which corresponds to the proposed test flow rate

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

_

-

mined b y running the water through the flow meter into 	 a

weigh tank while timing it, afterwards adjusting the flow- 1

meter scale correspondingly.	 The procedure was repeated
1

;

until the flow rate was calibrated to better than +1.0%.

40 lbs. of water was used on the final calibration run.

4. The anemometer was calibrated b	 the manufacturer	 for toy	
Pr',

^ procurement', about two years ago. 	 Since wind velocity is

' not a part of the efficiency calculation, and, because the

readouts from this instrument have agreed with local weather

x
services, no attempt will be made to calibrate it.

5. The Datalogger was calibrated by the manufacturer March 28,

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

the Datalogger should be accurate to within + 1%.

^

I

I

r
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TEST PROCEDURE THERMAL EFFICIENCY

1 The collector tilt angle was adjusted so that the lenses

were 'approximately normal to the sure during the hours of

data accumulation which were two hours before solar noon 	 i

through two hours afterwards.

2. The water'-flow rate through the collector panel was set

at about 1.7gpm 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.

3. The pyranometer (total insolation measurement) was placed'

f	 on a tracking mount that maintained near normal incidence

pYto the sun. The rheliometer (direct insolation measure-I

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.

4. Four different values of inlet fluid temperature were used

to obtain the values of (To-Ti)/I  d 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 di rect insolation, the collector inlet and outlet

temperatures, and grind velocity were recorded at one-minute

intervals. The efficiency data point was then calculated as;

i

5
C (To - Ti)

p = n= 1 	 m	 n
5	 (AI d)n

E
n=l

y ^;
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F
x

r

which is essentially a	 numerical integration over the five-

•
minute time span.	 The collector was allowed to stablized

K before each test.	 During the five-minute intervals, the 	
f

inlet temperature did not change by more than 0.60F and the

average wind velocity was lower than 1Dmph for all tests.
r

The instantaneous efficiency curve was obtained using the

technique of,__a' linear least-squares fit.

5.	 In order to determine the efficiency at 12 
0
incidence, another

.^ efficiency -value was determined in general accordance with the
P I

methods previously described. 	 The collector panel was oriented

so that the average incident angle 	 between it and the solar

radiation for the test was 12 degrees.

I
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h

f RESULTS

desk

	

	 The individual data points 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.

The equation for efficiency

n	 .80 - .4986 (Ti - Ta)

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 contract 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

4 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 collector) is

n = .79	 .4986 (Ti - Ta)

which is nearly the same as the performance at normal incidence.

Calculation of the 12 0 efficiency is included later in this report.

F	 The two curves are shown on the second efficiency graph relative

t to the performance specification. It can be easily seen that the

performance specification is exceeded.

The second performance requiyement of this contract is stated

below.

For Dallas Texas, the single solar collector will collect a
K

minimum of 1144 BTU/Ft 2/day of energy at an inlet fluid temperature

of 1,90 OF (water) . The tilt angle at this performance basis will

I
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,,JJ

be equal to the latitude angle, azimuth of 0 degrees, average

ambient dry bulb 1000F, wind velocity zero, August 21 date, 	 ,K

direct normal noon solar flux of 28.3* BTU/Hr Ft 2 , longitude

of 970 degrees and 320 latitude.

When used primarily for heating a single collector will pro-

vide 1242 BTU/Ft 2/day at an inlet fluid temperature of 1500E

(water). The tilt angle at this performance basis is equal to

the, latitude angle, azimuth of 0 degrees, average ambient 500F,

wind velocity zero, February 21 date, direct normal noon solar

flux of 316* BTU/Hr-Ft2 ,-longitude of 970 and 320 degrees latitude.

For the two dates mentior..,ed above, a seasonal incidence angle

of 12
0
 will be maintained throughout the day. Therefore, the

equation

i	 n	 .79	 .4986 (Ti - 'Ta)

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

t; hours of sun tracking, are tabulated in the following pages. In

either case, the calculated energy gain is greater than the per-

formance requirements
M1	

In conclusion, the 4-lens_ concentrating collector was testeds

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

:	 r	 requirements of Contract No. NA0.8-32251.

*ASHRAE Handbook of Fundamentals, American Society of Heating,
Refrigerating and Air Conditioning Engineers, In-c., 345 East

a. 47th Street,New York, NY, ;1972.
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'7

M
x
 O

' ")	
+

.-,r m
 L.+l^.r-^'f •-•n

 
n 1C

:r 	
^rnN

.-a C
^ -. '-^N

 m
f)L^ i°rro`^^

[	
U,C 7^.J r TCC a.-, -+ (m

 ,C ^9C
•-, .... .DC^') m

m
^.•• 	-a

-}i]r-^S
 T

. R
:-<

ti.  h;..y	
.. LDr	

-. N
,JM

 ohm
	

s--nm
c.^, m

LV
 nC

,ca 	
m

Vm
c O

:	
ttc0

. r
C	

^•t- ^	
;I NM

 n,Y•r.NCJM
M

e'+t1^N.CV I', .]H ^ +JVN'VN a:9' ^:NNNC
	

..-NNCI C]N.L l-, C
• N

 C
-ti

t •'1,^,
..:1N

N
N

N
 •-•N

[aN
 J^J ^ N

N
N

M
n C

l I
•-. GYNi'JM

 YI.r:J I,M
M

 d:'	
^ ^-	

+^.
'	

[
	

4
 ^ b

 (	
r!	

7L.p' 	
1^^	

21 	
Inr	

(..	
I	

m
l	

r^ 	
;	

c
O
	

^
	

^	
^r=1 	

F` 	
^eC• I 	^

F
 
1
	

IrJ+1 	
^	

IG, ^.	
F

I	
^--•	

,	
'^ 	

i^ i `-' 	
•

O
o
	

sale 	
'a
	

c
	

o
	

.° 	
1 	

u
I	

d
,
`
	

F'^	
^
I
 
	

,	
,	

^
J
U

 
f
	

f N
rJ

O
 + a
 

^iP̀em
m

G
^O

O
*R

7  0
 +

n
m

C
 o

 N
O

N
 O

n
c'^

cn
—

m
n

n
c an

 ^
m

Y
r ^

c
	

' a
 n

n
M

r .]m
 

o
M

--c
 c

 o
 . , o

r
+ a

o
 c

 L
 ^

s
m

c
t •

z
c
N

 c
 c

4
 
I
 0

 E
 h

 9
 p

 7H
G

{^C
aM
	

^ +
-4

, ttv
o

 C
01

 v
 4

c
;,-  F

a
0

O
 O

N
T

n
 V

^

	

C
Jm

-r0
	

M
4
 . ^

 I G
G

 ^
O

M
I )^

{
 i^

G
N

 - ^
.,m

C
^
 • r1

N
n
V

L
^
c^

R
C

I G
 ti^

^
N

D
 C

G
^
 r

 , D
0

^
1

(/) Y
 ^
	

^
	

m:, n
Y

M
.+

. I	
V

,( )l'JGV..	
^n{pfN

. ( ^.,. 6171 F
.V

M
	

1:•OC•: rJ
 . r

G
..', u

;n
:^

 I ^
 O

h
m

[	
k1Qi Cp N

y
:J

 I	
M

1V
 T

C
I 1	

13 ,L sM
N

 ^
	

•n
f F

.a
	

^
i fM

.+
 ;	

`^^

I	
t;

V
	

U
	

, _
	

^,tJ V
J.m

..	
F!

^ibJ •J J O, N' 	
..m

 M
.O

 ' 	
m

nC
+

T
- :v

 
^c CGY

•-•, LG
	

N
n
c a

•J C
a -,^ f .-.r-vm

 G
^ ^

, x
^
-.o

M
 t	

o^
vcn_^	

F'°..n 	
<.nf, ^.^J .c-m

N l } • nasen^.t '	
1

-r "a
t aja} W

w
^f JJYM1 	

,V
n IT

;	
4^M

 VJV G
. O

N
 ]m

 O
N

m
 iw

17 (1N
^^I	

70po CJ A tin
 +Y V' D

G
 N

• ,a
h
 lm
	

-0 O
-1n r N

N
 ati 70 O

° n JT
-n	

-"M
M

M
	

GVM
YY	

NM
Y,1)	

^M
Y

hi7 V
I 4rN

 CIY ,pI n ^-, G
YM

Yt°P^
.4	

NMYVM1M1	
r+. P'JY

f]t°n
} r"N

n
v

h
 k	

.-. C
V

M
 l0^ 1 - +N

 M
M

L" a- ••- .:a MC:`	
C

{	
p
 E

^	
Irm

a o.. N
!	

0
0

1
0

 •••, t•
 n

a
0
0
J
0
-
. N

^
 ^

I.
m

 m
 0
-
N

 
ID

 -.2
0

m
0

•+
N

, 
LD

nO
D

C
IO

-
m

l	
n
c
o
 C

', O
..+

N
J
 to

F
w

m
0

:•-, N
l r..m

m
o.-, G

+
1 

1
 C

C
, ^.riV

l	b
C

,O
^
+

C
	

O
,O

.+
N

^ i 	
L

N 	
•	

N
	

t	
(`	

[V

Q

^. 	
J

c
i

^
a



e

February 21	 ALL DAY ENERGY GAIN

n	 .79	 -	 .4936	 (Ti	 -	 Ta).

T i	150OF ^^

E'

Ta _	 50OF t`

ET	 must be larger than 1242 B`IU/Ft2/Day

Solar Time	 8:00	 9:00 10:00 11.00 12:00

I DN	 244	 287 305 314 316

k,
In+In+l	 265.5	 296 309.5 315

i
Ti-Ta	 . 377	 . 338

e 322
.317

I -
i

n	 .602	 .621 .629 .632

z

E	 2	 cos	 (12 0 )	 (.602)	 (265.5)	 + (.621)	 (296)	 + (.6	 29)	 (309.5)+ (.632)T

(315 fl
1442.6	 BTTJ/Ft2/Day	 1242	 BTU /gC2/Day

i

s.

C

Y..



I

August 21 ALL DAY Z AERGY GAIN

12°
=	 .79 -	 .4986 (Ti - Ta)

1 (	 I	 )

Ti = 190°F

T = 1000E
i a

ET must be larger than 1144 BTU/Ft2/Day

i

Solar Time 8:00 9:00	 10:00	 11:00	 12:00

I DN 239 263	 275	 281	 283

In+In+1
2 251 269	 278	 282

!
j Ti-Ta

L .359 .335	 .324	 .319

n .611 .623	 .628	 .631

ET = 2 cos (12°)	 [(•611), (251)	 +	 (.623)	 (269)	 +	 (.628)	 (278)	 +	 (.631)

(282

FT	1317.5 BTU/Ft 2 /Day > 1144 BTU/Ft 2/Day 

F

i

F

38



0
Efficiency at 12 Incidence Angle Based on Direct Insolation 	 ..

Normal to the Plane of the Collector	 r

At	 0° Incidence:	 )
(Ti - Ta)

	

n	 .80 - .4986 (	 I	 )

At	 120 Incidence:

.739 @ Ti - Ta = .104
I	 ^^

The intercept of the 12 0 incidence curve will be different than the

0° curve if the amount of incident energy on the absorbers has

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

vective and radiative area did not change.

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

I

Intercept = .79

T2
o = .79 - .4986 (Ti - Ta)

^	 (	 I	 )
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TITLE : 4 LF_AJ6	 C ,)I)C. c
	

DATE'	 7 ,q
WIND SPEED.	 1.0	 711

WIND DIRECTION	 <•F-•
CONDITIONS: VER"-`! CLF<2^	 pA V`

PERSONNEL: G. J^tC nES	 D. -^EI1F•K

TEST No:	 I	 '

COLLECTOR APERTURE:	 4 S•Ol^"

EFF = m-Cp(T out -Tin)	 GT E (Tin-Ta)
A c r' • 	i'•"	 r'•

NO

f1

TIME Ta Tin Tout FLOW 1, -sT m I ' ^T z̀ Ai- EFF pill AT^i+

Il:so 71.5 to	 8 11-3.3 3. 4 r 1.71 3Z1.'I 349.> z37.^ 11.0 .10	 3
11: 7/. 5 ' loc. 5l9. 0 -' 4 3: 1 1 .7) .lag

11:5z,71.3 lol .1 ;;3, t 2.4 1.7 0 207.9 I/..) 104
3p 71. 1 loz." lr3•^> ► . i "i'  1.c Y4y 0 ,a (^,

-54 71. t to) -,1 .6 ^/	 .^ '•`. 1. -71 322.7 b977 ll.	 1 ^217, .7:5 .I073 .t^

71. 0 1(4.1 2 •7 1.T
1

322,33 ^4(? ?-q7.8 !! . 1 . I 1a
^ r 7 37 .I^ 1^L•q I!'^.;1 ^' -^1.	 !1 321.J •I!	 I

' 1. 5 10Z A 113.9 2.'7 1.71 3 ao,i c74'-/,O Z? 7.3 11.0 .10	 3
I 71.4, 103.0 113. 2.9 1.71 3z0.1 5 4± 0 1 28t,'i 10. 7 .1095

?:. •3 ' -71.7 1 0 4 a 1134 1 1.7 1. 71 319.8 1^ 3 .511 q.0 ; 9 .5 10.7 (ol 05i.Z .750 .loo 1 111
7/./ 1,01 .7 113.1 7.4	 1 /.	 ; l 317.7 N-0 28 7 /l. - . 11( 3

j . ^. -71	 4 3'.Z 1.71 31 , '3 .^p.0 .7 H. I
1Z : ^Z 70.F 10 x .0 114. 2 1.71 320.E ?q`!C ''R7r 11.2 .1!22
I-1.. 70„ 10 7 .1 113.3 2.6, 1 .71 321.1 10.7 .1122

1 ".0 "11.3 I^?.i I;`,I l.0 1.71 37.3.E 1551 I :. ; q C Zg O. l 11. v 61 , RIA ."75 3 .;095 .I!/

Jl	 :o r 7/.S^ f ^ %;l ' ' f "/• ' • 1 1 .71 3z:.^4;'.0 Z'` "L I^. .!073

- : , n lo3•I 114 , 1_1 3. /.71 321 . 9 44. c} z	 "J. ; r1.1 10

(^..^	 1 7Z-1 1.7;.4- 1 14.1 ^• 1 '•7 ^^^•Z.. 't!I C' L^ i.J I1^. /
7^r^ /"

Iz; o^ 71. "I (,^?,! 1^.1 2. -^ .- 1. ,zz..1 ^•i^.:` 2^?3 11.E I('5

r7; ,̂" 72.L 107.( 113.1 ^•^.^ 1,71 (,2321. q -M- .10E

42



TIME Ta Tin Tout
W 10i A

FLOW 1 n.CoT m I ' DT iAZ+ E F F AT%I' aT%Z'

17- :31 r. 159 1 1 69.0 4.5 1.70 3 %Z-1 830.3 .4 9. o
I Z`•3Z -//, 1 1 51. 169.1 3.8 1 . 7 0 325.5 830.3 293.2 9 . 8 •Z98B

► 2:33 7/. Z I51.4
15Q.

1 167.1

/0.2
5• I

5• o

11.7o

1 .79

3zz.2

22.6

930.3

93c.3

ZY: 5

290.5

9.7

9,7
--t-

I -303(,
.3015

 -ML 9.5 0,Z 3.5 0 323.2 051 830.3 291.1 9.7 4;5Z1 ,08 x5 .301

L-.
1,

7t- 151/c I;^.^ 2 2.2- .70 32 2 .2 80.3 ,'o.l . 7 -30^•^

11'37 1 2.h 15'L' 91	 . r. o .70 322.3 8323 291, 0 f-7 ,2493

 7Z , e 2 b 9. 5. 5 D 322 .7 830.3 MI.2 .7 .2v91

2: 73 .1 15F4 3.3 /• -/0 32,:0 83a3 2926 ,7 ,276f1
IZ:4') 2; F 15V7 1	 -.5 3.3 1 - 1 0 3 23.8 M 0.51 8301 Z12. 9.8 .29F9 .299
2:41 17 3.2 I	 o.l I6--f. 'i 2. 5 1.70 B 0,3 Vo. ^ 9. 5 .2 iyc
7,'4 73.1 : .'0-7- W.7 2.4 1,79 32Z.0 013 Z10.I g.5 .2 96

rZ:9 7Z.g 10-3 jlocI 4.7	 1 /.70 324.1 I g FP,5 2-g3.5 9- -7 .2f78

73.0 16 0.b 1703 1.5 .70 322.5 i83O.3 292.2 4. -7 .Z`f25

l 7 .2 1( n.5 0. -7 3. r<, _ 0 3z i.5 268 930.3 2. 7 1 - 2, y. 8 (^t7oz.^ . . c.99^ , Zqq

I Z:4a 7Z.7 L 1.-112.3 3.5 .79 321.5 83.31 Z 90.0
1Z,... , 7 2.5 1n p.S 1"0: > 2 I.71 322.0 30.3 Zqo. (11 )r
2 ',43 !Z.` 1	 1	 r^ 170. '/ 5.2 1.7 0 1 327.4 18-30.1 Zqt. l 4. ;, .3044

-' 7l. 17^ 7 4.`1 I.' 0 1 3Z3.io 3J•3 Z9Z -3 2. 1 1 ,3j4g

1. / LV ltl 4.7 /,	 ;) 3Z I.^ 0,101 ) 1, iGtSLL ,V2 .3089 .3c5

Caf^S°' C I.0 05

is

w

L Page of

TITLE : `^ LF-Als	 Cl ot.1G .	 C oLL .
,tWL ^^ 

1^1 ^,^
	

M*n^f NS	 o! - 4 732

PERSONNEL:- C J^}Ca^S	 :5

TEST No:	 I

COLLECTOR APERTURE_ ^dfr^i
EFF = m-Cp.( T out - T in )	 &T' ( T in Ta)

A 	 I..	 I .=	 I..

DATE: -4 12517

WIND SPEED: 1 .5 -'" 71 8
WIND DIRECTION:	 %E•
CONDITIONS. VER 3 CLEAR_LA(
O INC /Dftil` ^ _ tinl^CE

43
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TIME Ta Tin Tout VE:` FLOW I fli:,(A I'' I	 AT
`'^

EFF AT%I' ^-

13%14 71.o ztl. ( Ztt3.o 2.?- ^.^^ ?I^. "
Q
m 

/
B23.1^ 25Z.^, G,.`,' .5L•,^-

547;! 3 :; 5 -71. ^ 21 1 .	 ( '- ► 7•` ) 1. 1 7z. ► "^.^ 3Z3•^ Gr^

► ^• r ' 7Z.2 2.;.	 Z 2(?.2 5.3 1.7 z. 3; -,; ^ 25r

- 71. n 7n , 1 '.1?17 4.G• ; - -7 ^ t ^•; ;,^ ; : ;^-,..
"I• 55.1

!3, 13 7? i.Z 31.7 2.5 1.7? 319.2 2391 r •	 Z.	 ! Z^^,^ -/.I - -x547 ^`
13: 1 1 71.5 211.2 218.2 • 7 1.7Z 3! 7.0 ,5 70
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TIME Ta Tin T out
wl0 FLOW I .MCvf m I^• AT

£^Z^t
EFF AT '/I' .,A"4

I	 : I 7- 73. 257 2 2633 4.3 /.7Z 309.0 p 7 254.1 6. 1 .72-95
14;1 72. $ 257.3 3.0 0.4 /,7?- 30f, Rol 2	 .0 5.7 .720

o 1 4 1 74. 7 257.4 263.0 0.1 /,72 f 3o7.3 907 2.53.2 5. 1 .721

)4 * 15'174-o 2574 2.3.0 I. 1 1.72- o6. B: 7 252.7 5. 72SF
14: ' a 73.8 25-73 Z0.1 1.0 1.7 2- 306.0 23,511 go 7 252,8 5.8 5447 9 434 .7257 .725
14:17 72,1 257.j 2-63.0 3.4 /.77- 306.v 5,7 252.5 5.9 ,7275
/4:16 73. 1 2511 22,) 1.3 i.7z j 3o5,4 B 7 2.51.5 5.9 1 1 73/^

14 ; Iq 74. I 2-57.1 2^,Z.l 0.0 1.72 304, q 9G7 125L.5 5.(o 72-4 g
/	 :zO 74,E 2571 1 260 1.5 /,7z 304.{ 8,;7 250.6 6,8 7279

72 •B ?57.1 Z 67,± S. 1.7Z 304.1 23v7 907 2-50.$ 5. 54 C ^7 .4 3J ;1343 .7 3 D
14:22 '73 , 2_ 2,57 1 262,y 3.1 1.72 304.o P 7 250.7 5.8
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I 
L̀5h.7 Z!.2.5 2. `l r.-?Z 302.2 3.83 X07 248. b 5. 8 1 63,6 	 5 ,44 1422 •7?7

14:Z ,? 170.$ 2 50 2;Z.4 Z•5 /.72- 30/,r+ to 249.1 5.-7 73^
14 ,; f? 73,5 2 56.1 Z -Z. 2 . 0 r.7 z 341.5 8c 299.5 5.7 :1393
14:29 14.5 25	 .(0 2	 ?.'4 Z. `i i.1?.. 303,1 807 21.1 7.9 1 5.3 .7287

74.1 256,4 2-ti 7z 3o3,1 Po7 24 g . 3 5.9 17317-

74,2 257.2 7-6 "L,3 7- •P, r, 1 -L 3o2.3 23,M X107 2.4 8,9 5.1 53A)i1 .43 .735?- ,--73¢

''^r,' C = 1.15
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`I:40 -70,Z 16.3 1,95,3 4.1 1.7( 2q 9.^ L°7,r2 253.x, 9.0 102
>^41 7).S I Z -05.x, z.7 1.7^ 2q5.^ 6 75.z Z54.3 9.^} loll
7:^Z 0.,^ i, . 1,5.1 5,. 2 1.7;; Ztq RSA 254. 9 z .102 1

9:-^3 ^.^ z 1052 1.2- 8752 Z 55.5' `),I X9;0
?;^' 70.5 %„. `f o5. G. l•7i Zg7 5137 91 :: 875.7 256.2 ^,z 5 7>'4.^ i .loll

7:4 76.h 91r•3 062. 3.6 1.76 Z!74 X75.2 Z5(,.5 8Y •I to) 25

4b ,?. / ''; •4 1)5.2 (.^^ l.Ir '9;.1 87S.Z Z^S.^ X 1:x`15
9:4 7 7o. S I& .E 6 .6 fll,`_ Z9/ g 75, Z 256.2 q.2- ,10I	 I

9 :48 7)• ; ^'^ rn^4 6. l 1,76 2977 o75.z z5,,:^ 9, o . ► 003
9:49 70.1 ^;.	 i ; ^5.	 / q . ^^ ' 7.= 29 41 3`,944 815 ^ 25<."1 `L 3 .1511201.132- 1025 .104
q :55 69.5 0S.^ 5;.3 297.2 975: ZSr. 9.2 io4 ^i

9:51 0-`? 7,l 10> 1 4. 1.71', Zg6.8 8752 256.0 7.0 1 c35
7 • r2 791 -, r /r^.y 4. L '.7. Z^!^.^ 8752 1 256.4 y.2 .10 7n

7:55 70.1 9r.-f 2 z57. -5 . l cro

9 : 54 70.3 1(.-5 (^ 4.7 1. -4 215. 8 41,V53 875 2 259 o 9.-r_ s^,z^..^4/ , to I a .I o5
7:55 7/.0 90.5 ;053 ?. t 1.7(, 295.9 87S.z 258.1 8.0 . 01
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j

Flow Meter Calibration

Run 1	 Flow Meter Reading	 1.68 GPM ►

Measured Flow	 Amount	 Time

i!
40 lb	 169 sec

i
Actual Flow	 =	 (40 lb)	 (60 sec/min)	 _	 1.70 GPM

j

(8.34	 lb/gal)	 (169	 sec)

X:

Run 2	 Meter Scale Adjusted Before Run 2

Flow Meter Reading	 1.67 GPM

Measured Flow	 Amount_	 Time

i
40 ]_b	 172 sec

Actual Flow =	 (40 lb)	 (60 sec/min)	 = 1.673 GPM
I

(8.34	 lb/gal)(169 sec)

III
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CERTIFICATE OF CALIRRAT ONO 	 w

2240A	
SERIAL NO 	

510012	
DATE 

1-2S-74

The Fluk y Southwestern Technical Center does hereby certify the above listed

i!
instrument meets or exceeds all puNished specifications and has been calibrated

4)

using standards whose accuracies are traceable to the Naticnal Bureau of Stand-

Ards within tf•,e limitations of the Bureau's Calibration services, or have bo,-•n

derivad from -ccap,ed values of natural physical constants, or have been derived

by C-is ratio type of salf•calibration techniques.

ApplicaUe NI BS Test Report Numbers: QC Voltage - 207627
AC Voltaga - 807675
Resistance - 207693

4
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2.1.1	 EQUIPMENT CAPABILITIES
A

The pumps required to circulate the heat transfer fluid	 x,

' through the collector are not to be supplied as part of this
contract.	 However, proper attention has been given to pump size

j and pressure drops in the manifold-collector system.	 Proper pump

sizing can be determined for the design flow rate using the in-

formation given in the applications manual.

M

I
-

I
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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 OF 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" O.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 seen, all veloci-

ties are well below the maximum of 4 fps.

SUPPLY MANIFOLD FLUID VELOCITIES

S	 1upp yang
Collector	 Manifold

Panel	 Size	 GPM (Max)	 Velocity (Max)

2	 1 1/4 11 	10.32	 2.7

3	 1 1/4"	 8.6	 2.2

4	 l"	 6.88	 2.8
C

5	 1"	 5.16	 2.1

6	 3/4"	 3.44	 2.5_

	

3/4"	 1.72	 1.2

Northrup has many isntallations which have been in use for

i years utilizing a similar design for the manifold and fluid

>

	

	 handling system. No failures have occurred during this period

which have been attributed to noise or erosion corrosion in

these systems.

i

*National Standard Plumbing Code, National Association of Plumbing -

1	 Heating-Coolinq Contractors, Appendix B, pp . 10-11, Washington,

50
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2.1.3	 OPERATING CONDITIONS
k,

^ i All of the components of the design are capable of

E operating over their respective temperature and pressure range

I, without breakage, rupture, binding, galling, or significant
I'
E'

loss in pressure.	 The fluid loop is capable of operating at

pressures above 125 psi _while the design operating pressure is

100 psi.	 Each of the components in the fluid loop is out-
M^

lined below with its maximum pressure and temperature-
s

I,

Automatic Air Vent

The recommended air vent is a Maid 0' Mist No. 74 and

I

has a rated maximum pressure of 150 psi.	 The valve seat

s material is made of Neoprene and is rated at 300 0 F.	 See

paragraph 2.3.1 for the results of a pressure test.

i

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_

j; pressure of100 psi.	 This pressure relief valves have pro-

vided more than adequate safety, measures when properly installed
r

F
'' on similar Northrup concentrating collectors. 	 See paragraph

2.3.1 for the results of a pressure test.

F

Swivel Seal

I^ 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.
a;I
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The recommended working pressure in this application is 0-125

psig using water with a temperature up to 300OF 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 tube is capable

of withstanding temperatures in excess of 550OF without sub-

sustaining 	 yng permanent damage or increase in emissivity or a	 I

decrease in absorbtivity, The absorber should be capable

of withstanding stagnation temperatures without being per-

manently affected.

i

-

I
'	 Iy	i

I

K	
52



2.1.4	 FLUID FLOW IN COLLECTORS t

To insure constant flow rate to the collector panels,

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.

F

t
f
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2.1.5	 ENTRAPPED AIR

t
!i A suitable means of air removal from the fluid lines has

been provided by an automatic air valve. 	 The automatic air valve

which has been selected for this application is a Maid-O-Mist

No. 74 and is rated at 150 psi.	 Heat losses from the manifold

lines will be minimized by the proper installation of insu-

lation around the air vent, and sufficient heat conduction

from the copper manifold to the brass auto-vent will provide

antifreeze	 protection in the insulated environment so that	 t y

. 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 vento

y

i

i

i
t

54

^-y-





VENTING UNIT TYPE
HOT WATER RADIATORS

VENTING BOILER OR CHILLING UNIT
VENTING (RAPPED MAINS

	
CONNECT WITH CLOSE NIPPLE

AND CIRCJIATINC LINES
	

SECTIONAL VIEW

}

!I

4
_ t

J ^ f
sto rive
ur —

INSTRUCT10 4S
FOR

is,	 INST"ALLI^Lt^

1. to attach, always use a very short I.P. nipple.

'	 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 1h" pipe andL^	 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.

b. 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 Ye" copper tubing are rncom-
mended in place of regular cap, when installed where le4age
could cause damage. 	 I fpG>~ I^

>^GINA
10. No air chamber is necessary.	 POO QUAD-ITS"

NO 74
AUTG-VE+!'(

W -,) for SullcUr ' ... 713 dcsciibing	 1 - _-- -.j ^`
Comp , p ie li=•.e of Auto-vent .fir Eliminators. f 	 `^^ _ = -` s =sti ^ JjY^
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2.1.6	 THERMAL EXPANSION OF FLUIDS

i •	
is,

Thermal expansion of the heat transfer fluid can be accommodated

by the use of a conventional expansion tank or compensator which 	 z;

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

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

r
pressures for safety.

t

i

I

4	 I

'f

y

I
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2.1.7
PRESSURE DROPS

4 Design criteria is as stated	 in 2.1.4 which are standards
r

recommended'by ASHRAE.	 Pressure 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.

e Supply Manifold P.D.	 To And Through Last Collector:

Sup p lying Equivalent
Collector	 Manifold Foot PD
Numbers	 Size	 GPM Length Ft H,0

1	 1% 	 12.04 7. 2 .22 
2	 14"	 10.32 17 ..47
3	 14u	 8.6 16.8 .32

_4	 in'	 6.88 15.4 .53
` 5	 1"	 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
t Plus	 the	 Inlet and Outlet:Swivel

Joint Connectors
2.9

i

t
Total P.D.	 For Array 6.2 ftH2O

r.

t

j

4.
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•	 2.1.7	 COLLECTOR PRESSURE DROP

The pressure drop between the inlet and outlet of a 4-

lens collector panel (including both inlet and outlet

swivel arrangement in the correct, bent tube, configura-

tion) will=be,measured using a Meriam differential mano-

meter. The flow rate through the collector panel, will

be at least 1.7gpm._,

t'

j
I-
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2.1.$	 CONDENSATE REMOVAL
t.

This requirement states that means shall be provided for
{	 _	

t

adequate disposal of condensate from cooling equipment. However,

no cooling equipment is included with this system. Any such

equipment installed in conjunction with this system will be

the responsibility of the user.

Dew will sometimes form on the system as it normally 	
ri

does on other structures. But, this represents no threat to

the system or surroundings,

i	
I

L

fi

e
i
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VIBRATION STRESS LEVELS2.2.1

The operating system to be-supplied under the conditions

of this contract Include only one device which could cause

vibrations in the system.	 This	 device is the tracking . motor,

for the attitude controls.	 However, since the rotational, rate

of this fractional horsepower motor,(20 rpm) is so low, this

device does not constitute•a serious vibration source.

Vibrations in the fluid handling system due to pulsating

flows should be minimized by the manifold support system. 	 The

manifolding is contained within the manifold support system

and surrounded by insulation which will damp the vibrations of

the fluid line.	 The manifold support, which functions as part

of the support structure provides rigidify 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.

Alk
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2.2.2 	 VIIRATION FROM MOVING PARTS	 -

The operating system to be supplied as partial fulfill-

ment of this contract does not include the pumps and other

circulating devices. A single device which is to be supplied
I

as part of the contract is the tracking motor for the attitude

controls. This device, however, is only a small fractional

horsepower motor which operates at extremely low rotational

rates (20 rpm). Adequate structural support has been provided

for the motor, so no vibrational stresses or problems are

anticipated,

I

I

L

I

I

I	
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2.2.4	 VACUUM REIIEF PROTECTION

The fluid handling system that is included in this design

as partial fulfillment of this contract includes the manifolding
7cr.

and absorber tubes, swivel joints, a pressure relief valve,

and automatic air vent. The largest fluid handling component

in the manifold system is 1 1/4 " (1 3/8=11 O.D.) copper tubing

with a wall thickness of 0.042 inches. 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.

a
f	 *	 _ 1	 1 6 1	

2E- 6 x	 0 b/in

u = .33

t = .042 in

d = 1.375 in

2E
3

(L )3	 _2	 (16 x 1, 6	 lb/in2)	 . 042 in	 1`

Pcr - 4 \ d^	 _ 1 -(.33)-  	 (1- .375	 /

Pcr = 1023.5 lb/in2

E  (16 x 106 lb/in 2 )
	

042_in	 2(L ) 2

d 	 = 1 -	 ( 1- .375a

6cr = 1 - ^

a
6cr = 16,753 lb/in2
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2.2.4	 VACUUM RELIEF PBDTEtTIO0 (continued)

This fluid handling system is similar to those employed on

c»tbez Northrup a}/stems in which failure due to internal vacuum

has not presented itself as a problem. Sae Paragraph 2.1.5 for

a description of the automatic air vent.

,	 !

`
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2.2.4	 INTERNAL VACUUM TEST

0.
	

Jb

INTRODUCTION	 ;I
'c

This test will ensure there is no danger that fluid handling 	 4'

components can be damaged due to an internal vacuum.	 The

flattened absorber tubes, relief valves, and swivels will be
r

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
F

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-

qW 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 less or

will be shown to have vacuum relief protection. 	 In either

s

case, the component must not be damaged.

i

RESULTS

On May 29, 1978, the air vent was vacuum tested according to

the above procedure.	 The air vent acted like a vacuum release
s

valve by venting in air. 	 This in itself should verify the

system 'for vacuum relief protection since the system should

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

'x

In addition a; swivel joint connector, pressure relief valve,

^y and a flattened copper tube (ten feet long and with the same

r^
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.tional area as an absorber 'tube) were vacuum-tested.

subjected to absolutely 'no, damage. Also, a cap was

>nto the air vent to prevant its operation. It was 	 .4 f

tum tested without damage. 	 =



2.2.5	
THERMAL CHANGES

Thermal contraction and expansion will occur in both the r,

manifold and collector absorbers, Their lengths will be sub-

jected to sizeable variations which will be accommodated by

appropriate clearance between the absorber and collector casing,

and between the manifold and manifold assembly. There is also

ample clearance 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)

i

,

1.	 I

l

I

r
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2.2.5	 THERMAL CHANGES

L
During operating conditions the collector, swivel joints,

lenses, housing, framework, etc. will be visually inspected to {.

E erasure 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.

E

k

I

I

e

i

a

d
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x

2.2.5	 -	 THERMAL CHANGES 5/20/7.8 t

During operating conditions a collector, 	 swivel joints, lenses,

housing,	 framework and the manifold 	 (which were set up	 to handle	 r

one .collector) were visually	 inspected to ensure there was no

failure of the system due to excessive thermal expansion. The

n
fluid inlet	 temperature was .raised	 to	 270°F for this test which	 Y..

is	 considered to be.well above normal operating temperatures.

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

resulting from thermal changes.

t

f	 ^'

j

x
a.

R
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2.2..6	 FLEXIBLE JOINTS

Flexing of the manifold subsystem is adequately compensated 	 w

for with the clearances inside the manifold structure. Linear

expansion of the absorber is accommodated by the adequate room

in the manifold structure. Relative expansion of the absorber

to the manifold and visa versa is allowed for by a flexible

connection. See 2.2.5. See ver y par. 5.2.5 for the results

of an accelerated swivel and flexible ,joint life test.

a

f
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2.3.2,	 2.8.1,
w 4.2.2,	 5.2.4

2.3.1 PRTSSURE TEST:	 NON-POTABLE FLUIDS

The portions of the system containing heat transfer fluid
I

ftu..
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 the	 o into operation.	 The test isY g	 p	 Performed

by submersing the desired subsystem in water and filling it with

I
nitrogen gas to the desired pressure level. 	 If there is a leak,

it will manifest itself in the appearance of bubbles. 	 The pressure

relief valve is tested up to its rated release pressure to ensure

proper function.	 The other components are tested at 150 psi.

None of these tests have resulted in Leaks or damage to components
r

E' when the subsystem was assembled correctly. 	 Therefore, a working

k, pressure of 100 psi should be acceptable.

0..
i

Any connecting pipe from the collector` array_ to and including

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

t_	

v(
the responsibility of the user.

v^
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2.3.1, 2.3.2,	 2.8.10,

_
4.2.2, 5.2.4 ,<

PRESSURE TEST

All the absorber tubes were pressure tested to 150 psig on

I
April 7, 1978, according to the procedure described on the pre-

F^ ceding page.	 The air vent and one of the swivel joint connectors
I

were pressure tested to 150 psig on May 29, 1978 according to

the previously described test procedure. In all of the above

a
tests there wire no failures of any kind. The pressure relief

f^ valve was also tested on May 29, 1978. 	 This valve opened at

i

125 psi as specified by the manufacturer.

rj

!I

F,

I
.

:I I

.1
1

i

I}I

1	
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E,	 2.4.1	 ORIENTATION AND TILT

Detailed discussions concerning the selection of a rotating,ti

polar axis mounted system are contained in the first monthly report.

The principle of the rotating polar axis mounted system is illustrated

in Figure

POLAR AXIS
MOUNT

N -	 N ./	

S U N'S

RAYS.

N EAR

PARALLEL

j	 EARTH

j

S

j

Figure

C	 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 sun altitude due to the earth's orbit

about the sun. This movement results in a change in the sun's	 -

attitude of ± 23.5
0 either side of normal line which occurs on

r	 September 21 and March 21.
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! 	 2.4.1 (Continued)

^t	
f^,

The structure is fabricated so that the collectors will be aligned
6

with the polar axis and this dictates the design collector tilt, prien-

tation is maintained with the Northrup attitude controls which typically

updates the collector position ever 45 seconds. This corresponds to

a tracking precision of .19 degrees which is well within the required



q

`ab ;

2.4.1	 TRACKING TEST

Procedure

The entire collector array consisting of seven panels will

i be tested for alignment accuracy. The collector panels will

j	 be tracked without fluid flow during this test. All seven

j collector panels will be aligned to the sun by focusing the

concentrated light from the lenses onto the absorbers. The

panels will then be allowed to track the sun as they would
i

in normal operation. The collector_ panels will be periodically

checked visually for alignment accuracy.

i
1	 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 sunduring clear weather.

f, 1
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2.7.1 Applicable Plumbing Standards

All piping and fittings in the array are of brass or copper

I which conform to a vast majority of local 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 excess of 800°F

before melting. And in using it in the present Norttrup Concentrating

Collector, there has never been Gn incident where it melted.

Insulation around the copper pipe in the manifold-frame is

I	 glass wool. Minimum thickness is 1 3/4" at tangent points of tubingi 

to sides., top and bottan of steel housing, and varies from T' to 4"

between these points. The insulation has a "k" factor of 0.28 C 2000F,

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.

s
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2.5.1	 RELIEF VALVES AND VENTS

The automatic pressure relief valve is located on the

bottom manifold of the system,	 The automatic relief value

is specified to open at 125 psi, which is 25% greater than

the working pressure of 100 psi.	 Located on the top of the

manifold system is an air relief vent rated at 150 psi.

'j These relief valves have provided more than adequate.safety

measures when used on similar Northrup concentrating collectors.

See ver. par. 293.1 for pressure test results on the relief

valves.

;r

fj

^

i

I

f'

80



3.1.1	 Applicable Standards (Structural Design)
4

I

Structural design has been based on the applicable provision

i 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.

All steel used in fabrication of structural elements has a minimum

yield	 point of 33,000 lbs./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

Mrefers to paragraph 3.2.1 for complfiance to load combinations.

Structural	 calculations follow paragraph 3,2,2,

r

k

r
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3.1.2	 Service Loads

Dead loads have been determined almost totally by weighing

ccoponents 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 at an 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 outcome. 	 Also, for simplicity, tiia wind

loading on the south brace and the manifold supports is based on

an angle of attach of 90 1 .	 This results in a slightly larger

load.

` The collector tilt angle used in all calculations is 32°. The	 -

collector alignment corresponds to solar noon with the wind blowing

from the south. 	 All analysis of forces is done graphically.

The following loads are used for design analysis-:

Dead Loads

Collector	 - 425 lb.
Manifold Strut	 -	 62 lb.
Manifold. Support	 -	 25 lb.
South Brace	 -	 6 lb.;

a South Col. Base Angle	 -	 4 lb.
Inclined. Strut	 --	 33 lb.
North Wind Street 	 -	 28 lb.
North Column	 -	 20 lb.

Live Dads	 Based on Ice (1" Thick - 4.67 lbs/ft2
Collector	 - 70.0 lb.
Manifold Strut	 -	 75 lb.`
Manifold Support	 -	 30 lb.
South Brace	 -	 15 lb.
south Col- .Base Angle	 -	 10 lb.
North Wind Strut	 -	 65 lb.

' k,4 North Column	 -	 45 lb.
` Inclined Strut	 -	 80 lb.

82
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3.1.2 Service Loads (cunt'd)

Wind Loads Based on 70 m.p.h. wind velocity at 30 ft. above ground level
per Table 6, ANS A58.1-1972.

Collector	 - 885lb.<
Manifold Strut	 - 105 lb.	 r
Manifold Support	 -	 24 lb.
South Brace	 -	 18 lb.
South Col. Base Angle	 -	 0 lb..

x: . Inclined Strut	 -	 55 lb.
North Wind Strut 	 -	 63 lb.

i North Cole	 - 46 lb.

E

is
Structural calculations follow: ; a hparaga p 3.2.2.

i

i

r,
i

i

r
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3.2.1 &3.2 .2	 ULTIMATE LOAD COMBINATIONS-ICE LOADS

One-inch thick ice is used in the calculation of ice loads.
I

Since the system is considered made of conventional elements only,

` I load combinations	 (1)	 and (4)	 will be used in which the load
*

factors are taken as 1.0.

i

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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3.2.4 Load Capacity; Resistance'to Damage; Deflection Limitations;.
3.3.1 Foundation Settlement; Contraction and Expansion:
3.4.1
3.8.1

The system is considered to be made of conventional elements and, 'I
therefore, is deemed to satisfy these criteria.

i

r	 I

t
p

3
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3.3.2	 GLAZING DESIGN

Glazing material is Du Pont Lucite 147 with the following physical

properties:'

MDULUS ELASTICITY FLEXURAL (ASUI-D638 	 450,000 PSI

FLEXURAL STRENGTH (ASTM-D790) 	17,000 PSI

I	 SHEAR STRENGZ.Ii (ASTM-D7 32) 	 9,400  PS I

j' An analysis purely as a simple _beam indicates that a uniform load of

184 PSF could be applied before failure would occur. 	 Considering the

JI probable loads that may be encountered in use and these workingP	 Y	 g loads,

it appears that the acrylic lens material would satisfy such conditions.

Furthermore, the above does not give credit to shape factory of

lens which would increase load capacity to a degree.

Past experience of Northrup Concentrating Collectors has proven

lens hasthat no detrimental damage to the	 occured with approximately

.. i	 3" of ice or 12" snow, on a lens having a greater radius than this
F

design.	 This would indicate this design with smaller radius could

endure greater loads than the past experience.

Also during past experience with over 6000 collectors in use,
^I

there has never been an instance that lens have failed due to effect of

hail storm.

j

Analysis is performed on the next page,

-
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GLAZING • ALLOWABLE DISTRIBUTED LOADS

	

h---	 33
r

E _	 450,000 lb/in2

v MAX = 17,000 Wing
TM== 9,400 lb/in2	

r

3
-	 I 12	 12

1 bh = l x (133 in) (.090 in) 3 = .00808 in4

Q MAX = MMaxC	- MAX = 8 WL2 = W (12 in) 2	 18W 2n2

a S	 8
C .090 in = .045 in

2

a MAX = 17,000 lb/in2

	

	 18W in2 x .045 in x W

.00808 in4

W _ 170 lb/in

W = 170 lb/in x 12 in	 _	 2
E	 12 in x 133 in 144 in2 	-	 184 1b/ft

ft.2

T - 3 VMAX

2 A	 V Max - WL = W 12in = 6W in
2	 2

A .090 in x 133in-= 12 in2

r	 TMAX = 9,400 lb/in2 	 3 x 6W in
r	

2	 12 in.-

W = 12,533 lb/in >> MAX per flexure
Therefore

WMax = 184 lb/ft2
The total load is

TAa = 184 lb/ft2 x 133 in.x 12 in = 2039 lb.

r 144 in2
ft

This is larger than the anticipated loading from dead, live, and wind loads
combined. (see 3.1-2).. F urthernore, the lens shape factor has not been `taken
into account which means that the glazing is more rigid than indicated.

115



I	 #

t .	 3.7.1	 HAIL LOWING

The portion of the system most susceptible 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 storms.

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 center. This model, though very approximate, is

thought to be similarilar 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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3,9.1	 DESIGN PROVISIONS
j

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

of the acrylic lens. There are no horizontal surfaces on which water will

accumulate and all slanted or inclined surfaces are either constructed of

16 or 20 gauge galvanized steel or at least 0.090" acrylic. In prototype

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.
"I

E

b
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r..

t

i

F	 ;

r.

122
f





^-

 5 }

4.1.2 ELECTRICAL CODES AND STANDARDS

All wiring in the control box meets clearance standards

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

<1
q	 a	 tt

1

	

	 closest standard applicable to the installation. 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
0

is U.L. approved 2/64" insulation, stranded 105 C, thermo-

plastic, moisture resistant, U.L. classification 1230, and

jis 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 requires 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

}
F

^	 w
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'ENTION

.mp should be electrically

a power failure the pump and tracking system will cease opera-
.

I Lion.	 Assuming the collector is initially focused during the

1 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

the focal point off the tube.	 This angle corresponds to 34 minutes
s

>ti ofexposure.	 During the period the focus will be gradually

F {, moving across the tube so that the intensity of light hitting

the tube will slowly decrease. 	 Similar concentrators
i
employing this electrical arrangement have had no failures• reported which are attributed to power failure stagnation.

As an added safety measure @ a pressure relief valve has

been mounted on the lower manifold.

See-"Concentrator Stagnation Defocusing Test 10/18/77

r( which immediately follows. for verification that a similar

r collector design _( Standard Northrup Concentrator) will not

I be subjected to unreasonable temperatures during a power

`.7	

I	
s failure.	 Also see "Stagnation -Defocusing Test 5./9/78

i ^ for verification of the 4-lens collector.

125
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OONCEMWMR STAGNATION - DEFOCUSING TEST 10/18/77

' PURPOSE:	 To determine the maximum absorber and swivel temperatures
_

di

during a stagnation-defocusing period corresponding to, a )

power failure.

PROCEDURE:	 The concentrating collector was allowed to come to steady-

state operating conditions, water flowing at .3 gpm and

the collector tracking normally.	 After an hour of oper-

ation the tracking and water flow were simultaneously

turned off.	 This turn-off point corresponds to the

time value of "0" on the data and on the plot.

COND1TIONS:	 Winds were out of the northwest and light, ranging

from .5 mph to 11.6 mph.- The sky was clear with no

clouds or haze throughout the test.

i

i

^
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DISCUSSION AND
C0L%KnWSION: The outlet water temperature was monitored and found

•to

,d

be virtually the same as the swivel data.	 This

was not surprising and served as, a check on the swivel

thermocouple.

^I 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 that the effective heat transfer coefficient

from the tube to ambient did not change significantly

Ij during the test. 	 In other words, the small variance

`I
I

in wind speed throughout had little effect on the heat

i transfer of the receiver.
1

1

.

When the water flow was cut off the swivel temperature

1 • dropped then began to rise.	 This was probably due to a

time lag for the natural convection of the water inside

e4 the tube to establish itself. 	 Also, there appears to be

^i good conduction fran the upper swivel to the manifold

and return line which would explain the rapid cool down

f+
at the beginning and end of the test.. The reason for the

inflection point at about 20 minutes in the swivel plot

is not imTediately obvious.	 There was no sudden drop
fl

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

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 dorm
q

f
side of the plot.	 This test should give a good approxi-

i

X71 +
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TEST nNTA

t	
Time	 N:)sorbar T Swivel T AH)ient T Wind Velocity Direct Insolation

(Minutes)	 ( OF)	 (°F)	 COF)	 (riph)	 (B`IU/hr--£+2)

-5 225.4 203.6 85.6 4.4 263	 z'
-4 225.2 203.3 85.4 3.7 262
-3 224.9 203.2 86.2 7.9 263
-2 224.4 2.03.4 83.7 3.9 263
-1 224.9 203.3 84.8 2.4 263

0 2.24.5 202.9 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 86.5 4.4 262
8 252.8 226.4 85.8 1.7 262
9 255.1 230.1 87.9 2.3 263

1.0 257.6 233.8 87.8 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 85.8 4.7 262
14 264.8 248.0 86.1 3.7

261

15 266.5 249.7 87.8 2.0 262
16 2.68.2 252.2 87.6 3.5 262
17 269.2 254.2 88.2 1.4 260
1.8 270.7 255.8 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 86.6 5.4 259

`j 22 276.1 259.6 87.3 4.2 259
23 276.8 263.8 87.1 3.4 259
24 276.8 2.67.2 87.8 1.2 260
25 276.8' 267.7 87.6 .5 260
26 2.76.6 267.4 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 2.60.1 87.5 2.3 259

f
30 275.6 254.7 87.7 4.4 2.60
31 275.3 2.47.8 88.6 2.4 260
32 275.2 241.3 88.1 2.4 260

r 33 274.8 2.36.6 88.7 1.1 260
34 274.2 233.0 88.8 11.6 257
35 273.2 2.28.7 87.0 5.7 258
36 272.8 224.4 88.1 4.1 258
37 272.L 2.2.0.0 87.7 2.0 2.59

~	
l 38 271.7 217.2 89.6 3.0 260

39 270.6 2.13.6 90.0 2.8 260
40 270.0 210.9 89.4 7.1 259

i 41 260.2 208.2 88.7 2.9 258
a

r
42 268.3 205.6 86.9 3.8 259

s,
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STAGNATION - DEFOCUSING TEST

May 9, 1978

INTRODUCTION

The purpose of this test is to determine the maximum absorber

and .,swivel temperatures during a stagnation-defocusing period cor-

responding to a power failure. 	 The absorber temperature must

not rise above 5500 F or the black chrome coating may be per-	 i

manently damaged.	 The inlet or outlet temperature Faust not

4 rise above 3500 F or the swivel O-ring may be damaged.

PROCEDURE
A 4 -dens concentrating collector panel was allowed to come

i
to steady state operating conditionst	 collector tracking and

j flowingwater	 own	 into the collector at a 	 m withg	 approximately x.07 gP

an inlet temperature above 2000 F.	 After approximately 15

minutes of operating time, the water flow and tracking 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

j the point of fluid and tracking cut-off and`, extending to 45

t minutes afterwards.

Positions of the absorber thermocouples are shown in the

+

following diagram:

tl t2 t3 t4

F Absorber Thermocouple
Location

Bottom View'

L- E U IPMENT

r See the "Thermal Performance (Fffj c i enc-,j) -	 °° Verification re	 k'

131
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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.
0

The highest absorber temperature reached was less than 320 F

while the highest swivel temperature (outlet swivel) reached less

than 2700F.- These are well below the recommended high limits of
j

550°F 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 the 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.

>i
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TITLE : ^ h ,5 A	 - -1-ot,117

! -rA() NA-rION 	--
1

PERSONNEL- C. JACOP_n 1 `,.17F17i- _k)

TEST No.	 N Q,^7N-•4

COLLECTOR APERTURE: 	 A

EFF - m•Cp( T out - T in ) 	 AT' ( T i n- Ta)

A r	 I"	 I''	 I`

DATE	 c., MAY 7H	 l

WIND SPEED:	 1.9 r-.PN - 73 MPH

WIND DIRECTION:_

CONDITIONS. CLg^,Ae- , rALtq_

r.• r

a

r

TIME	 T a 	 tinTout	 FLOW	 I	 t	 m	 I" - AT	 EFF	 AT %I

110	 74, f 	 Z(A-& 21	 . r^,	 / 75	 283.3 12	 ^	 31b.(	 22-.

11ol 	 ^^ 	 ZIT. 1 7 I	 ?	

I
'• [J	 2M,1	 2 i.	 I7.'

/!/l7	 el f .	 ) I R.	 J1^•: 1 .7^	 Z84.5 ? 24.0	 31(, c	 ^^s. 
1111	 ^. g Z . I 	 Zl g .	 Zr^ .4 	1,75	 283c ^74.'.	 U-3	 2^•'-	 --	 '27

11/ 2-	 ^s ^,	 ^ I ^	 -	 ^ 1 ao	 r -.^	 0	 Z83•D ^?	 316•x}	 z .s
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Z54. 2 	 1 31 9. 3 	 - 

/r 7 r	 3	 .>i,	 1	 . Z 2^	 `j	 .-,	 Z';Z.I 2m. 1	 315.7	 •74

^!Z-'1	 ?7 7.'3	 2	 -,' _• ^^ ^•	 Z^4,^ _,^.^ ►	 2319-	 VIP3.r-

1^I1	 1	 -74,z

1-1 ̂ 1375
,,	 , ► 	 /^-,. , ,.	 ,. >I^,-,.^	 143.5	 ,- ;•^	 :	 31^.^	 ^^	 ^^?. 1

11 3 (.	 %^.	 1"7,^	 ^SF,^^,1•,, `	 'Zr3.5	 ?^ ,'^	 317.E	 ,,,	 -	 .^7	 7,`	 ..

3	 '^	 /, 1 ^	 5^ 3	 ^-> r ^^	 Z 4.3

II	 I.	 lr. I,•2	 'LFr, I 2vrl•^	 X	 57 Z^n.

rk^^

3.-

^• i

J• .

J • ,

:r ?

s. .

^, r

7•^

.7 • J

..I

135



w

dIdD
L Mte

o•

5.7
3.6

1.7
4i'l
2.1

3.o

3.1

4.3

3.1

3.3
2.5

3.9

3.q
3.^

^.2

^. 0

TIME Ta Tin To ut FLOW I m I'' AT E F F AT%I' f

z r ^;. • Ito -+ 0 285.8 3 14. I <.3

i^lc^ ^o. v ^	 s. ^r^ . -' ^	 ,^ ?,^4 .1 ^a^.-r 3l;.' g1.^ s.3

0	 1 r	 ^,'l r 22 '- ZBI^.^ "'77 Z.9 1 `'!:.

/	 3 SO. /G 2. 20 • t'. X6.2 "'^^,^. 3 ^ -i .. A2.4 Z9S""•

4 F .^ , n. 2:0. zS2 5.; 318.72. .F

. -7 .0 2(.0 .S 21M - 3 1 1 A-1.( 313•^

70.9 J5^.n?_^^^.( zR..S 7`"I^'.^ 317.1 I

2 2S 7. , 278.E) L. 7 31r.^ 7^t.;' X91.7

20.5 2'1. 717.7 7'.j 2^2.

S 7 , I S	 .-1 256 1 2.72• ( - 284.9 z r 111-1 t .^

52 X2.1 ,s^.^ ^s^.sz-^^.-; Z,^3.8 ^^^^.z X1(^.1 -.^^.- Zao•`c

S3 8 ► . 75 . 2-S Z55.0 ?c^ /•^ 2^^.2 ,^ 317.2 ;^^,^ --^^^^.=

^- ?52.3 -1,s zs .s ^6s ;^ ?hQ•`^ zs^. 317.a ^.^ -,,:, ^

J r f; • 1,. I ^S ^, r _'S3.^^ ?_^^.'. 2.	 7 Z.^2.^7 317.e ^^,;

r^ E2. 14	 .-4 252.1 2 S.S. 31G.:. 2.74.^  "l.

C?• 14`	 / ?S l. r 2b G. ^^ •2
2E

111.' 19.1 ^lrf.^ 27d ^j ^'^

I

DATE:	 j M A `1 7R

WIND SPEED:

WIND DIRECTION:

CONDITIONS: C(-EA ►2-

TITLE	 CowE"-rit wroR

4- y N ► -i -	 -T /1(v NAT /011

PERSONNEL'	 C. j A Cy _^ ^U c`: t	 1j

TEST No :_ , oL)C •'

COLLECTOR APERTURE	 y	 ^^-11`

EFF - m Cp.(Tout - T in)	 AT' (Tin-Ta)
A	 I ..	 t .	 I .c

136



_

4.2.2	 AUTOMATIC PRESSURE RELIEF VALVES
r

The automatic pressure relief valve is located on the

bottom manifold of the system. 	 The automatic relief valve

11`, is specified to open at 125 psi, which is 25% greater than

the working pressure of 100 psi. 	 Located on the top of the

i^
manifold system is an air relief vent rated at 150 psi.

These relief valves have provided more than adequate safety

measures whenu sed on similar Northrup concentrating collectors.

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

valves.
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4.3.1	 Applicable Fire,Standards

F

r
k

i

There are no combustible materials adjacent to high temperature

components. There are no combustible fluids used in this system.	 f

Control box is vented and experience has proved that maximum temperatures
r.

reached inside the box could be 1600  at which temperature, the wiring is M

approved by N.E.C. and lubricant flashpoint or working temperature is

not reached. There are no other fire hazards.

it
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4.5.2.	 IDENTIFICATION AND LOCATION OF CONTROLS

The only controls internal tothis system are limit switches

for the tracking system which are identified in the Installation.

Operation and Maintenance Manual. The power supply is external

and is required to be identifiedeq	 per N.E.C. as described. in the

above manual..
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4s6o1e	 CONTAMINATION BY MATERIALS

The fluid handling system, which is included in this con

tracts is composed of components which are all accepted and 	 k

recognized materials and which are compatible with_ potable

water. The hard copper tubing, pipe fitting, pressure relief

valve, and automatic air vents are componets which are commonly

used in domestic hot water systems without affecting the taste,

odor or physical quality and appearance of the water. The

swivel fitting:is not commonly used in potable water systems

but the materials used in its construction are commonly used.

The swivel fitting is constructed of brasso 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.

F.
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4.6.4	 GROWTH OF FUNGI

The growth of fungi, which generally applies to air

L
handling systems does not appropriatly apply to this system.

All of the components used in the fluid handling system meet
li h

i; or exceed national plumbing code standards so that they will

M be as safe from growth of fungi as any potable plumbing system.

The extremely high absorber temperatures will 	 inhibit the growth

r

of fungi, mold or mildew inside the collector housing,

i
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4.7.1	 PROTECTION FRDM HEATED GC MPONENTS

s
	Through the design intent of this system 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

absorber surface and fluid loop both of which may be maintained at

temperatures 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 I

}

	

	 excessive heat losses. The fluid manifold loop is well insulated and

contained within a manifold structure which is actually part of the

collector structure. The absorbers are equally well insulated. They

are enclosed in a metal casing, and covered with the lens which also

serves as an outer glazing. Provided the ambient temperature does not

exceed :100"? no part of the collector system exterior willbe main-

taim-xI at temperatures in excess of 140 °F.

This design is similar to the Northrup concentrating collector

r systems  presently in use. There has never been any evidence indicating
_	 I

there was inad.aquate protection fry heated conT)onents a--, are, of these

installations

d_

I

i

fi

142



-111F , MOM

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.

}
r
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5.1.3	 AIRBORNE POLLUTANTS

t

.	 i
System materials which; are exposed to airborne pollutants are the

same materials of construction used in the single absorber concentrator. 	 ,.

Fbllowing is a list of single absorber concentrator installations

and the dates of initial exposure.

Exposure
Name	 Iocation	 Date

New Mexico State University 	 Las Cruces, New Mexico_	 1-75

Trinity University	 San Antonio, Texas	 4-76

Radian Oorporation	 Austin,.Texas	 6-76

Institute of Gas Technology	 Dallas, Texas	 9-76

American Motor Inns 	 St. Thomas, Virgin Islands	 1-77

Sundance, Inc. 	 Sundance, Utah	 9-77

Brefeld Plumbing	 Trenton, Illinois	 6-76

' College house Apartmnts 	 Austin, Texas	 6-77'

A. C. E. S.	 Incline Village, Nevada 	 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

II^

the present system.
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®	 5.1.4	 DIRT RETENTION ON COVER PLATE SURFACE
k

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 light 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, th'e r aid iusof 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 clean dirt from

k	 the acrylic surface.
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0	 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 attributed to a chemical change in

IT 	 j
	

the material a slight yellowing, while the other seven per cent was

attributed to pitting 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 surfacewear

®

	

	 which would significantly impair the collector from functioning at its

design capacity.

i

r

	

	 (_.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	 FL^Ut^'ERING BY WIND

The only carponents 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 in the design drawings the lens is held securely

to the casing along each side c' the lens. 	 Even without this secure

fastening the .090" minimum lens thickness is more than adequate in pro-

viding support for the 12" span.	 Since fluttering of the lens will not

occur even at moderately high wind speeds, no damage is expected as the

result of this influence. 	 Similar concentrating collectors,.including
1

structural componentso have shown no indication of degradation either 1

functionally or cosmetically which would be attributed to wind flutter-

ing.
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•	 5.1.6
	

FLUTTERING TEST

Procedure	 y,

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 data were taken by our instru-

mentation. The voltage across the solar sensor was recorded

by a strip-chart recorder. In 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
i

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.
i

i
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i
Although the "extruded acrylic lens ha's a low melting point of 	 }'

about 1800 F, the lens will not be subjected to such temperatures.

The lens is sufficiently removed from the absorber tube that the

temperature atany point on the lens should not exceed a temperature
-	 i

' f

of 150 0 F.	 Many collectors mechanically similar to this design have

been in field use for years and not one failure has occurred which

can be attributed to thermal degradation.

Casing

A semi-rigid insulation is used in the design.	 This is the same

insulation used in 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 loop manifold system is constructed of hard copper

tubing and will not be detrimentally affected by the temperatures that

are generated by these collectors. 	 The pressure relief valve and the

automatic air vent are constructed of materials capable of withstanding 	 +

normal	 design service temperatures as well as the design pressure at

Viese service temperatures.

M4,1;orber

i

The absorber will be constructed of type M, hard copper tubing and

f 15Z



t,

has a maximum rated temperature in excess of 600°F.	 The selective

t 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 should never

exceed 400°F and therefore should not affect the performance of
T

the selective coating: 	 µ

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 withstand temperatures of 300 °F at

pressures greater than 125 psi.	 The swivels have been tested in

9actual o per,atin	 conditions.	 No leaks were detectable under these

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

Tracking System

Kj The components of the tracking system are exposed only to

the ambient temperatures and are not subjected to the extreme

temperatures of the collector.	 Therefore, the components of the

tj tracking system have been selected based on the consideration

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

y,

I
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5.2.2 DETERIORATION OF HEAT TRANSFER FLUIDS

a

For warm to mild climates where freezing occurs only several

days of the year or not at all, the recom-riended heat transfer

fluid is water. Freeze protection will be acommplished by

forced circulation during extreme old periods. The all

copper absorber and manifolding meet domestic water codes. As

a result the manifold absorber fluid loop is analogous to a

conventional hot water system. Therefore, precipitation

s

	

	 and scaling should not occur to any greater axtent than it

does in conventional domestic water systems.

In colder climates ethylene glycol, pure or in solution

with water, reomvended for use with the system. This fluid

is reccmiended for use with all the materials it noires 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.

I

r

_	 I
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5.2.3

Lens

THERMAL CYCLING STRESSES

4

The acrylic lens is the major component of this collector

system design which is most susceptible to thermal cycling.	 Long

term exposure tests have indicated that there is little 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 expansion and

contraction of the lens results in a difference of 0.047" per

foot between ambient temperatures of 20 to 120 0F.	 The follwing

table illustrates the thermal expansion and contraction of the

acrylic

^ i • (MILS PER FOOT)•

RH	 10	 20	 io	 40	 50	 60	 70	 80	 90

Moisture .18	 .32	 .46	 .61	 .76	 .90	 1.05	 1.20	 1.35

20 -33	 -31	 -29	 -26	 -22	 -13	 -13	 -8	 -2

30 —29	 —27	 —25	 —22	 —18	 — 14	 —9	 —4	 +2

40 -25	 -23	 -21	 -18	 -14	 - 10	 -5	 0	 +6

50 —21	 —19	 —17	 — 14	 —10	 —6	 —1	 +4	 +10

60 —16	 —14	 —12	 —9	 —5	 —1	 +4	 +9	 +15

70 —11	 —9	 — 7	 —4	 0	 +4	 +9	 +14	 - 20

80 —6	 —4	 —2	 +1	 +5	 +9	 +14	 +19	 +25

90 —1	 +1	 +3	 +6	 +10	 +14	 +19	 +24	 +30

100 +4	 +6	 +8	 +11	 +15	 +19	 +24	 +29	 +35

110 +9	 +11	 +13	 +16	 +20	 + 24	 + 29	 + 34	 +40

120 +14	 +16	 +18	 +21	 +25	 +29	 +34	 +39	 -45

-i MIL -0 ON moo

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 great as one inch depending on tem-

perature, and humidity conditions.	 Therefore, the slide designf-

allows free movement of the lens due to thermal expansion and

alleviates the thermal stress in the lens.

Absorber

Thermal stress in the absorber assembly should not be a`
si

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 concentratorsnow in the field. 	 In ..I

these collectors, stress due to thermal cycling has not resulted

in physical damage.

3
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5.2.5.	 DETERIORATION OF GASKETS AND SEALANTS -
.4

There is only one gasket or seailant which is in contact t

with the heat transfer fluid in the design. The o-ring seal
r

of the GRA-TEC swivel is exposed to the transfer fluid. Ethylene

propylene rubber, EPR, would be recommended for systems using

water as the heat transfer fluid. Although the recommended 	 t

temperature range for EPR is 650 to 3000F, this material is

recommended for water or steam lines,up to 4000F. The material

is also quite good at resisting drying and embrittlement. An	
11

accelerated swivel life test indicates that- the EPR o -ring
i

seal can endure 20 years of the rotations it will be subjected

to in actual field installations.- The test write-up immediately

follows.

vow

k
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5.2.5, 2.1.3, 2`.2.6, 5.2.1.'

ACCELERATED SWIVEL & FLEXIBLE JOINT LIFE TEST

X

PROCEDURE'
KR.

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

test fixture that will simulate actual field operation. 	 The
f=

hose end will be connected to a stationary tube while the swivel

i end will be connected to a tube that will rotate 180 0 in one

direction, then will rotate back 180 0 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

'f lene 1 col-watera 50% ethylene	 solution will flow through theglycol-water 

swivel.	 The fluid temperature will be varied so that its

temperature will be about 160 0 F for a portion of each day and
a

about 260 0 F for the remaining part of each day. 	 It is hoped

that the swivel-flexible hose `joint will survive six (6) days of

testing without leaking which corresponds to more than twenty (20)

years of cyclesin 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 performed

according to the 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 was repeated at 100 psig beginning May 23, 1978,

^.
	 rT

and run for a duration of six days. Once each day in both-tests

the pressure was reduced to zero psig to ensure that there would

be no leaks at low pressure. For the second test the fluid

temperature was maintained at approximately 200 ° F throughout.

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

flexible hose and the 0-ring showed no signs of deterioration. 	 'I

'10
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5.2.6	 TRANSMISSION LOSSES DUE TO OU GASING

A semi.-rigid insulation is used in the design. This is the same

insulation used in previous Northrup concentrating collectors. In I



593 919 	 MATERIALS/TRANSFER FLUID COMPATIBILITY

This system is designed so as to provide domestic hot

Water as well as hot water for heating and cooling applications.

Since potable water is recommended as the normal heat transfer

fluid, all the components of the fluid line must be chemically

compatible with potable water. The copper lines used in the

manifold and absorbers are composed of materials identical with

that used in domestic hot watter applications. Similarly the

pressure relief valve and automatic air vent are components

which are designed for use with potable water. The swivels

are made of brass and silicone rubber are also compatible with
I-

potable water and 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 handling 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

F	 rating to copper, brass, and bronze when used with ethylene
3

I

s	 glycol. The air vent and the swivels are made of brass and

the pressure relief valve is made of bronze so these components

of the system can be used with ethylene glycol. Silicone rubber

and ethylene propylene rubber, materials also used in the swivels,

are compatible with ethylene glycol.

s
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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

q valve, air vents, swivel fittings and expansion joints 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 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.

E
r
f

The housing and structural support utilize no dissmilar

metal junctions which might cause corrosion. 	 Therefore, there are

t
4

no non-isolated dissimilar metal junctions which would result in

4

i

fk

i

F

corrosion due to electro chemical reactions.

j

I

I	 i

I
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5.3.3	 CORROSION 13Y LI ACHIN BLE SUBSTAMC2S

^j

This system does not utilize any materials which release
s.

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
F

which was manufactured by Northrup using 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.

C

k

i
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5.3.4	 EFFECTS OF DECOMPOSITION PRODCTCrS,

The design of this system does not utilize any material which

F-lan chemically decompose and effect the operation of any other

components.	 Possible problem areas such as the decomposition of

the absorber coating and the bearing shafts will not effect the
-

performance of other components in the collector. 	 The bearing is I

completely sealed so that any rust cannot impair the functional

movement of this component.	 The black chrome coating on the copper

tube is capable of withstanding 650°F temperatures and will not

release materials or products which 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 deccnposi-

tion'products will be expelled frccn components under in-use conditions
t
F'
{

f
f.:

and cause the degradation of other components.

I
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a
5.4.1	 WEAR AND FATIGUE

Moving parts in the system design include the automatic air

eliminator, pressure relief valve and swivels in the fluid hand- 	 '►
i

ling system, the shaft bearing for bollector rotation and finally

the limit switches, relays, drive screw assembly, and electric
I

-motor of the tracking system.

Fluid Handling System

The automatic air eliminator vent is manufactured by Maid-O

Mist. The recommended vent is model number 74 and is rated at

150 psi maximum system pressure. The vent is built of non-

ferrous metals, a Monel metal spring and a Neoprene valve seat.

Neoprene is resistant to petroleum oils, silicone fluids and

water, and has a recommended service temperature of more than

i 300° F. The number! 7.4 auto-vent is a quality industry wide

recognized air vent capable of long life time operation. However,
i

being quite economical, replacement of the air vent after several

years of service is quite reasonable.

Pressure Relief Valve

The pressure relief valve recommended for this system is a
i

Watts number 3L set at 125 psi release. It has a ASME construction

and is certified by the National Board of Boiler and Pressure

Vessel Inspectors. The body is constructed of bronze and all

other materials are isolated on the exterior of the valve seat.
I

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 applications 	 1`

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
I

Loosening on shaft:	 None

Under normal operation conditions, the collector bearings
I

make one revolution per day or 7,300 in 20 years and tracking

system bearings make 620 revolutions per day or 2,264,550 in

i 10 years.	 From the above, it is apparent that these bearings
I
j

1

should function properly for their service lives without excessive

I
wear or malfunctioning.

I
Swivel Joints

The swivel is constructed of plain brass and silicone rubber

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

I of an acceleratedswivel life test indicate that it can withstand

the rotations involved in 20 years of actual field operations

I

(see verification paragraph 5.2.5 for test write up).

Tracking System Relays & Limit Switches

The tracking system typically updates its position every
l

j^
i

45 seconds.	 This corresponds to .35 `million operations per year
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for the west 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
i

year. The 8,000 operations corresponding to a 20-year lifetime

is well within the design limits of the switch.

Tracking Drive Screw and Nut

According to the manufacturer, the lifetime of the delrin'

drive nut will be as high as 106 inches when used in a low speed

application such as in this collector system.

For purposes of lifetime calculation, it is assumed the drive

screw will travel the 'maximum posoible 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 nut is 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 tube. They have shrouded cooling for

continuous operation and a dual thermal and current overload sensor

t• o'' further-'protect the motor. Life expectancy as estimated by the

manufacturer is 2000 hours of running time which corresponds to

40 25 years of collector operating time. This motor is relatively

inexpensive and serves X00 net sq. ft. of collectors.; It is

considered that replacement at a consumer cost of approximately

$20. 00 is in the test interest of the user rather than select a

motor 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	 ACCESS FOR SYSTEM MAINTENANCE

The collector system was designed so that components would

ybe easily accessible for inspection, service, repair, removal

or replacement.

Sheet metal lids cover both manifold	 housings and can be

easily removed, after taking out the connection screws. 	 With

i
the lids off the manifolds can be readily inspected or repaired

if necessary.	 Should manifold replacement be required, the

sheet metal stiffeners on the housing can be easily 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 mechai,.ism are enclosed in a

sheet metal box and are reached by unfastening a sheet

j metal lid.	 Individual components can then be inspected or

replaced if needed.
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I

6.1.2	 ACCESS TO SYSTEM MONITORING

Any devices or sensors which would-be required to monitor

the system performance can be mounted externally to this system.
i

X

Appropriate flow meters and temperature sensing device's can be

mounted on the ends of the manifolds to monitor the !overall perfor-

mance of the collector system. 	 No allowances have been made in
r

the manifold system to monitor individual co-llectors since this

would be prohibitively costly as a monitoring process.	 Adequate

allowances have been made 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

F'	 accommodate sensor mounting.

^F
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f

The concentrator fluid loop including the manifolds and

f ` 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
t

valve in the top manifold in the array.	 The air vent at the	 J

top of the upper manifold automatically allows air to escape

`	 I and eliminate air pockets when the system is refilled.	 The
f

automatic air vent is described in criterion 2.1.5. 	 In addition

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

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

j
required.

k
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6.2.1	 Installation Instructions

The installation of the collector system is covered fully

in the Installation, Operation, and Maintenance Manual.	 r

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.
^	

,I

j

6. 2.4	 Replacement Parts

Parts, components and equipment required for service, repair
111, 	r

or replacement are available from the system manufacturer. A;

j	 parts list and availability are included in the Installation,
i

Operation, and Maintenance Manual.

I

f

I
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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

t

k

requirement

i

1

is automatically satisfied. Y'

A

i

r

i
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6.3.2	 MAINTENANCE OF DHW SYSTEM

^r A DHW System is not included as part of this collector system,

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

j

II

is automatically satisfied.

^l
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1	 11.2:1	 CHEKICAL CORROSION

The design of this system does not utilize any material which can

chemically deca pose and effect the operation of any other components.

Possible problem areas such as the deccoposition of the absorber coat-

ing and the bearing shafts will not effect the performance of other

cxxtponents in the collector. 	 The bearing is ccnpletely sealed so that

any rust cannot -impair the functional movement of this cagmnent. 	 The

black chrome coating,oft the copper tube is capable of withstanding 650 °F
r

temperatures and will not release materials or products which can con-

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

i	
that there are no cmp.onents or items in the collector design which are

i

extremely susceptible to chemical deco	 sition.	 So there is TittleY	 p	 ^ I

change that any chemical decomposition products will be expelled from

components under in-use conditions and cause the degradation of other

ccuponents.

^ 	 I
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11.2.2	 HEAT AND MOISTURE

Supports of this solar system are space 10.0' north-south
j

and 10.0' east-west for each collector panel. These are the

only points that are in contact with the mounting surface. All

other components of this system are above and have free air

t circulation between the mounting site. The supports are well

insulated from any heat producing components. Excessive conduc-

tion to the mounting points would not take place because ofthis

I	 insulation. Furthermore, the insulation is separated by at

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

j
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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 manifold, absorber tubes, pressure relief

valve, air vent, swivel fittings and bleeder valves are all

constructed of cipper or brass and present no corrosive problem

due to 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 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

no non-isolated dissimilar metal junctions which would result in

corrosion due to electrochemical reactions.


