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PART |

i'‘re livinary besion Deview Data

Contract NASS-32263

Proiccet: Flat P'late Collector

CALMAC Manufacturing Corporation
150 South Van Brunt Street
Inalewood, N,J, 07631
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Drawings to Define Sybsystem

Contract NAS8-32253

Project: Flat I"late Collector

The following drawings arc required to define the svbsystem:
1. Twin tubing cross section
2. Header asscubly
3. U-bend
4, Tubes for header toheofts and U-bends
5. Standard straizht Sunnat

6, Collector usscbly, top view, lengthwise cross section and
wiuthwise cross section,

»

See Section 3 for drawings.

R e g e Rk T e

e
a0

P

e o

1-2




. .

Special Installution and Maintenance ‘Tools

Contract NAS8-32253
Project: Flat Plate Collector
Part Number: 51001

Nomenclature: Stimpson Clamp Driver

Description and Use: ‘I'he tool consists of a short length oi” 3/8" 1D

pipe with a 5/106" slot cut in one side, lastened to a handle, The tool
slips over the EPDM tubing and is used to push Stimpson clamps over header
nipples and U-bends,

Manufacturer: CALIAC Hanufacturing Corporation

Justification: The best alternative using standard tools i3 to use a
pair of pliers as a pushing tool with the clamp between its grip., Apply-
ing enough pressure to hold the clamps casily, however, damages the
clamps, and the pliers tend to slip off the round shape of the clamps,

ORIGINAL PAGE S
OF POOR QUALITY
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Subsystem Hazards Analyvsis

Identification and Control of Hazards, ‘Tue sources of nazard in the collector

sybsystem arce cxcess tewperatures and pressures within the piping and tubing,
and the toxicity of the cthylene glycol hieat transfer fluid, The hazards are
only to personnel and not to cquipment or buildings == the temperatures and
pressures involved are not high cnough to ignite, collapse or otherwise
damage equipment or buildings. The potential hazards to personnel, however,
are major as serious burns, or poisoning could result frow a malfunction,

The strategy for managing cxcess temperatures and pressures is primarily to
relieve then before they build up to an excess,  The use of a temperature
and pressure rclicf valve in the systea set at 225°7 and 40 PSI accomplishes
this objective, In addition, to winiwize tae rish of burns suftferced from
touching the cover pancl whici uight reaca to 180°1F during no flow conditions,
signs will be recoimiended wiwen the collector is operated in arcas subjected
to public traffic, ‘The toxicity o the jlycol is wanoaged by the use of a
basin to catch fluid vented frow toe teaporature/pressure relief valve, The
other source of glycol contamination -- icaling trom the collector or some
other part of the system -- will be wanagsed by reconmending periodic in-
spection of the level of alycol in tie systen,

Residual ilazards, In a properly installed system -- and it should be made
clear that the relice? valve and the caten basin aust be installed on site --
and a properly muintained system, residual hazards are low, These hazards
arc comparable to hazards associated with conventional systems -- the hazard
of excess build up of hot wator or steaw presaure in hydronic heating systems,
or the risk of leaks from zas stoves,

Component Failurce, The aalfunction of o tenperature/pressure relief valve
will significantly increase the hazard of cxcess temperature and pressure,
Similarly, the malfunction of pipiny, tubing, saskets, fittings or valves,
or improper installation will increase the hazard from the toxicity of
glycol,
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Contract NAS8-32253

Project: Flat Plate Collector

We recommend usc of the followin,

1. Drawings:

a, 7Twin tubing cross scction

b. lHeader asscnbly
c. U=-bend

d. Tubes for header

¢, Standard straight SUNMAT

f. Collector assenbly, top view, lengthwise cross section and

takcofts

Prototype Design Review Data

data at the prototype design review:

and L=bends

with wise cross scection.,

data:

a, Collector et ficioency

.

£ ' . = i ey

b. operating temperature and pressure linits

¢. pressure drop through system

d. freeze tolerance

¢, resistance to ponding

f. fail-safe performance

g. water potability
h. resistance to
i. resistance to
j. leakage

K. resistance to

1. resistance to

tacrmal degradation

structural damage

solar degradation of LEPDM

fluttering by wind

ORIGINAL PAGE IS
OF POOR QUALITY




3.

Prototype Design Review Data (Continued)

Analyses:
a. noise and corrosion

b. structural calculations
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Government-Furnished Instrumentation

Contract NAS8-32253

Project: Flat Platc Collector

No gevernment-furnished instrumentation is required,
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Design Standards and Symbology

Contract NAS8-32253

Project: Flat Plate Collector

We use design standards and symbology of the American Society of
Mechanical Engineers., Symbols are published in American National Standard
Graphical Symbols for Pipe Fittings, Valves and Piping.

ORIGINAL PAGE IB
OF POOR QUALITY
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Verification Plan

Contract NASS8-322535

Project:

I'lat

1-9

Plate

Collector

CALMAC pianufacturing Corporation
150 south Van Brunt Street
Inglewood, N.g. 07031
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2,

Verification Matrix. Sce attached

Test Hardware. To perform tests at our location we will use the following
hardware:

velometer - air velocity

rotometer - flow rate

potentiometer pyrometer - temperature

pressure gauges - pressure

pyranometer - insoiation

manometer - pressure drop
This is all basic hardware for measuring the Key parameters associated
with plumbing and heating devices, except for the pyranometer, which is
unique to the solar field.

Other testing requiring hardware and expertisc outside our range of ex-
perience -- the chemical testing of water for potability, for example --
will be performed by outside laboratorics. Testing to certify performance
will be performed by an independent laboratory.

Test Schedule and Location:

Date Test Location

Feb 15 Freeze tolerance of system CALMAC factory

Mar 1-30 Potability of water run through Outside lab to be
system determined

Mar 1 Pressure drop through system CALMAC factory

Mar 2 Leakage " "

Mar 8 Resistance to ponding = A

Mar 9 Resistance to structural damage ¥ s

Mar 15 Resistance to fluttering by wind % i

Mar 2 Fail-safe protection i 54

Mar 29 Temperature and Pressure limits B "

Mar 1-15 Collecto: efficiency 2 -

Mar 15-May 15 Thermal degradation and collector DSET, Phoenix, AZ

efficiency

All this testing will be done during the quulification stage. We have
enough experience with the operating characteristics of the collector,
based on earlier models we have used, not to need testing at the develop-
ment stage, and adequate data is available to verify all interim per-
formance criteria at the development stage. Testing at the qualification
stage is related primarily to durability and particularly to our use of
the EPDM tubin?, which, since it is manufactured especially for this
application, i5 unique. The tests for frecze tolerance, potability,
pressure drop, leakage, temperature and pressure limits, thermal degra-
dation, and collector efficiency all stem from the usc of EPDM, The

need to test resistance to fluttering and ponding, on the other hand,
stems from the unique structural design of the system. The fail-safe
test isa precautionary measure to insure meeting safety requirements,

ORIGINAL PAGE IS
1-10 OF POOR QUALITY
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Testing at the acceptance stage should not be necessary, unless designr
changes are made following qualification testing., Our plan is to com-
plete testing of all key areas here at our plant as early as possible

in the qualification stage and then have DSET verify our findings to meet
the need for certification by an independent agency.
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PF01-353¢

ITEM (NAME & PART NO.) VU\H|CA[KWJCROSS
Flat Plate Collector - REFERENCE MATRIX
VERIFICATION METHOD: oot 3AMIECTION _ M/A_NOT APPLICARLE
PERFCRMANCE VERIFICATION PHASE e
REQUIREMENT DEVELOPMENT | UUALIFICATION| ACCEPTANCE iy
Subsystem Specificationw 1 4 4 J
|
Interim Performance 1
Criteria i
1.2.4 3 3 3 1
1.3 3 3 3 ?
1.3.1 1 1 3 j
1.4 3 3 3 |
1.4.1 2 3 3 i
2.1 3 3 3
2.1.1 2 3 3 4
2.1.2 2 3 3
d.1.3 2/1 4 3
2.1.4 1 1 3
2s1:S 3 3 3
2.1.6 3 3 3
2eds? : 1 4 3
&:2 3 3 3
2.2,1 3 3 3
e P 3 3 3 1
2.2.4 3 3 3
2:2.5 3 3 3
2.2.6 3 3 3
ORIGINAL PAGE IS
s OF POOR QUALITY 1




PF01-358¢c

ITEM (NAME & PART NO.) V.. iIFICATION CROSS
PRNEPLELS SN KEFERENCE MATRIX
1._5!.“.1'!!-_/1*1_![\!_ 3. MPECTION  M/A_ NOT APPLICABLE
VERIFICATION METHCOD: 2 ANALYSS a_TVST £
VLRIFICATION PHASE
PERFORMANCE — REMARIKKS
REOU'REME“‘T DEVELOFMEN]) UUALIFICATIUH' ALCLPTANCE
i b 3 3
2s3.1 1 | 3
2.4 5 3 3
2.4.1 1 1 3
2.6.4 1 4 5
2.8 3 3 3
£50.1 1 1 a
3.1 3 3 5
e bR 3 3 3
Dedsd 2 a 3
L s 3 3 3
3:4.1 2 2 3
Sl 2 2 3
3.2.4 2 2 5
5.3 3 3 3
Sided 2 4 5
3.4 5 , 3
3.4.1 & 2 3
'
s 7 |
Seilel 2
3.8 3 3 5
el ] . fL 3
3.9 L 3 = l ‘——-j— - i -\

ORIGINAL PAGE I8
OF POOR QUALITY
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R VERIFICATION CROSS
Flat Plate Collector . REFERENCE MATRIX
VERIFICATION METHCD: :51'2]4_;:_3'_«:_:_1_- ::—;r'.!ﬂ:?';':““m A
VERIFICATION PHASE
PERFO,1MANCE REMARKS
REQLHREMENT DEVELOPMENT [ QUALIFICATION ACCEPTANCE
3.9.1 1 a 3
4.1 3 3 3
4,1.1 3 3 3
4,2 3 3 3
4.2,1 1 4 3
4,2.2 3 3 3
4.3 3 3 3
4,3.1 1 1 3
4.3.2 1 3 - 3
4.4 3 3 3
4.4.1 3 3 3
4.4,2 3 3 3
4.6 3 3 3
4.6.1 2 4 3
4.6.3 3 3 3
4.6.4 2 3 3
4.7 3 3 3
4.7.1 2 3 3
5.1 3 3 3
5.1.1 1 4 3
5.1.3 1 3 3
5.1.4 1 3 3
5.1.5 1 3 ' [ &
1-14
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ITEM (NAME & PART NO.) VLRIFICATION CROSS
Flat Plate Collectoy - REFERENCE MATRTA
LoSIMILALN Y. 3N VLCHION  pNJA NOT APPLICAHL E
VERIFICATION METHCO: "0 0~ e
VERIFICATION PHASE
PERFORMANCE , REMARKS
REOU'RI’:ME!\‘[ DEVELOPMEN) (QUALIFICATION ACCLPTANCE
5.1.6 2 1 3
$.2 3 3 3 |
|
5.2.1 1 1 ; |
B.2.2 | | 3 ‘i
5.2.3 2 2 2 ,
5.2.4 1 | 3 ;
$.2.5 1 1 3 1
5.2.6 1 1 3 |
5.3 3 2 3
5.3.1 1/2 3 3
5.5.2 2 2 3
$. 53 2 2 3
5.3.4 ' 2 3
6.1 3 3 3
[ 3 3 3
$iti2 3 3 3
6.1.3 3 3 3
0,1.4 3 3 3
6.1.5 3 3 ;
6,2 3 3 )
6.2.1 3 3 3
6.2.2 3 3 3
i hi il Seaeite] 8

1-15 ORIGINAL PAGE IS
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ITEM (NAME & PART NO.) VERIFICATION CROSS
_ viat Plate collector - REFERENCE MATRIX

- b el el e ekl LA Dl o his iy ‘Lo 3

.SIMILARLGY JANSPECTION  N/A__NOT APPLICAHBLE
VERIFICATION METHCD: ., "0 Vg a._TEST
2 VERIFICATION PHASE
PERFORMANCE REMARIKS
REQU'REMENT DEVELOPMENY { QUALIFICATION ACCEPTANCE
6.2.4 3 3 3
6.3 3 3 3
6.3.1 3 3 3
6.3.2 3 3 3
11.2.1 2 2 3
11,2,2 2 p 3
11.3.1 1 1 3

l-lé;
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PART 2

Preliminary Design Review Data

Contract NAS8-32253

Project: Solar Pump

CALMAC Manufacturing Corporation
150 South Van Brunt Street
Englewood, N.J, 07631
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Drawings to Define Subsystem

Contract NAS8-32253

Project: Solar Pump

The following drawings are required to define the subsystem:
1. Pump top view and cross section

2. Vapor tube

2-2
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Special TInstallation and Maintenance Tools

Contract NAS8-32253

Project: Solar pwnp

No special installation and maintenance tools are required,




Subsysten lazards Analysis

Identification and Control of llazards., The sources of hazard in the
pump subsystem are excess temperatures and pressures wihtin the piping
and tubing, and the toxicity of the ethylene glycol heat transfer fluid.
The hazards are hazards only to personnel and not to equipment or build-
ings -- the temperatures and pressures involved are not high enough to
ignite, collapse or otherwise, damage cquipment or buildings. The
potential hazards to personnel, however, are major as serious burns,

or poisoning could result from a malfunction,

The strategy for managing excess temperatures and pressures is primarily
to relicve them before they build up to an excess. The use of a
temperature and pressure relief valve in the systeam set at 280°F and
28 PSI accomplishes this objective. In addition, to minimize the risk
of burns suffered from touching the pump which might reach to 200°F
during normal operation signs will be rccommended when the pump is
operated in areas subjected to public tratfic, The toxicity of the
glycol is managed by the use of a basin to catch fluid vented from the
temperature/pressurce relief valve, The other source of glycol con-
tamination -- leaking from the pump or some other part of the system --
will be managed by recommending periodic inspection of the level of
glycol in the system,

Residual lHazards., In a properly installed system -- and it should be
made clear that the rclief valve and the catch basin must be installed
on site -- and a properly maintained system, residual hazards are low.
These hazards are comparable to hazards asscciated with conventional
systems -- the hazard of excess build up of hot water or steam pres-
sure in hydronic hecating systems, or the risk of leaks from gas stoves,

Component Failurc, The malfunction of a temperature/pressure relief

valve will significantly increasc the hazards of excess temperature
and pressure, Similarly, the malfunction of piping, tubing, gaskets,
fittings or valves, or improper installation will increase the hazard
from the toxicity oi glycol.

. . B
: ORIGINAL PAGE
OF POOR QUALITH!
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_l.'.f'.“.r"t."i"-‘ Design Review Data

Contract NAS8-32233

Project: Soluar Puump

We recommend use of tice Toilowing data at the prototype design review:
1. Drawings:

&, P, tow view
b, Pump, cross scection
c. Vapor tube

& ToRt-doata:

. uperating pordorwnee (Flow rate, pressure output tor
various coubinations oo liguid teaperature and
steoan prossure)

b, Thermal dearadation

c. Fail=suic performance

d. Leahage

¢. \Vibyation

£i  KaterpetabiEivy

3. Analyscs:

a. Noisce and corrvoes:n
b. Structural calculations

ORIGINAL PAGE IS
2-5 OF POOR QUALITY,




Design Standards and Symbology

Contract NAS8-32253

Project: Solar Pump

We use design standards and symbology of the American Society of
Mechanical Engineers. Symbols are published in American National
Standard Graphical Symbols for Pipe Fittings, Valves and Piping.

2-6
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Government-Furnished Instrumentation

Contract NAS8-32255

Project: Solar Puap

No government-turnished iastrumentation is required,

ORIGINAL PAGE IS
OF POOR QU
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Verification Plan

Contract NAS8-32253

Project:

Solar Pump

CALMAC Manufacturing Corporation
150 South Van Brunt Street
Englewood, N.J. 07631

2-8
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Verification latrix., Sce attached,

Test Hardware. To pertor: tests at our location we will use the following
hardware:

rotometer - flow rate

potentiometer pyrometer - temperature
pressurc gauges - pressure

manometer - pressure drop

These instruments are all basic hardware for measuring the key parameter
associated with plumbing and hceating devices,

Other testing requiring hardvace and expertise outside or range of ex-
perience -- the chemical testing of water for potability, for example --
will be pertormed by outside laboratories. ‘Testing to certify performance
will be performed by an independent laboratory.

Test Schedule and Loaction:

Date Toust Location

Mar 1-30 Potability of water run through Outside lab  to be
system determined

Mar 1-30 Thermal degradat ion CALMAC factory

Mar 8 Leakage 1 e

Mar 15 Vibration 4 L

Mar 22 Fail-satce nerformance i L

slar 15-30 Operating performamce ard limits e o

Ap 1-30 Operating performance and limits DSET, Phoenix, AZ

All this testing will be done during tne qualificaiton stage. The critical
problem in the case of the pump is tae development of a design that will

meet operating performance reguirements -- pumping at specitficd pressures
and flow rates -- not tice developuent oi designs that meet ruggedness and

durability rcequircments. Solving tivis problem involves analyzing different
shapes and designs of tiae cylinder chauwber, valves, vapor tube and so
forth, and does not lend itscelf to testing.  Once the design is set and
operating performance requircrents met, then we can test rigorously both
the pump's operating characteristics and its durability during the
qualification stage. ULnless design caanges develop during this period we
can proceed readily to certifitcation by an outside angency (DSET) towards
the end of the qualitication stage,

ORIGINAL PAGE IS
OF POOR QUALITY
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PF01-358¢

ITEM (NAME & PART NO.)

Pump

VIRIFICATION CROSS

REFERENCE MATRIX

VERIFICATION METHCD:

1. SIMILARIFY
2._ANALYSIS

3. INSPECTION _ N/A_ _NOT APPLICABLE

4._TEST

PERFORMANCE
REQUIREMENT

VERIFICATION PHASE

DEVu:LOPMENT

QUALIFICATION] ACCEPTANCE

REMARKS

Technical Performance
Requ ements

Interim Performance
Criteria

1.2.4
2.1
2.1.1

2.1.2

(3]

o

o

o

w

[ §9)

(2]

(2}

- weos P e et L e T R T
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PF01-358¢ ” ‘

ITEM (NAME & PART NO.) \LRIFICATION CROSS

Pump . REFERENCE MATRIX
VERIFICATION METHOD: l c'r:':'l'\:“l”y i flf\:-‘:‘:“-“()“ N/A__NOT APPLICABLE
PEREORMANCE VERIFICATION PHASE :
REOU]REMEh‘T DEVELOPMENT { QUALIFICATION ACCEPTANCE REMAH'(S

2.7.1 3 3 57

28 3 3 3

2. 8.1 1 1 3

3.1 3 3 3

. B b | 3 3 3

B.1.2 2 r 3

. 7 4 3 3 3

3.2.1 2 2 3

3.3 3 3 3

K g T | 2 2 3

3.4 3 3 3

3.4.1 2 2 3

3.8 3 3 3

3.8.1 2 2 3

3.9.1 e 3 3

4.1 3 3 3

4,1.1 3 3 3

4.2 3 3 3

4.2.1 1 1 3

4.2.2 3 3 3

4.3 3 3 3 ORIGINAL PAGE IS
4.3.1 2 1 3 OF J00% QUMD
4.4 l 3 l 3 i 3
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PF01-358¢

ITEM (NAME & PART NO.)

VERIFIC..11ON CROSS

Pump REFERLNCEIWATR'X
1._SIMILARILY 3. INSPECTION  N/A___NOT APPLICABLE
VERIFICATION METHCD: "0 vais 4. TFST

VERIFICA 110N PHASE

REUIREMENT REMARICS
DEVELOPMENT | QUALIFICATION] ACCEPTANCE
4.4.1 3 3 3
4.5 3 3 3
4,5.2 3 3 3
4.6 3 3 3
4.6.3 3 3 3
4.6.4 2 3 3
4.7 3 3 3
4,7.1 2 3 3
5.1 3 3 3
8:1.1 | 3 3
Sk 3 1 3 3
8,2 3 3 3
S.4.1 1 4 3
Bl d 1 1 3
5:2.3 5 2 3
5.2.4 1 4 3
§5.2.5 1 1 3
53 3 3 3
5.3.1 1/2 3 3
9.3.2 . 2 3
5. 5.3 2 > 3
5.3.4 2 ;. 3
5.4 3 3 [ 3

B s et T T
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’Tﬁ"’EM (NAME & PART NO.)

Pump

VERIFICATION CROSS
REFERENCE MATRIX

VERIFICATION METHCD:

1. SIMLARITY

2._ANALYSIS

3. INSPECTION N/A_NOT APPLICABLE

4. TEST

VERIFICATION PHASE

PERFORMANCE REMARKS
REQUIREMENT DEVELOPMENT | QUALIFICATION| ACCEPTANCE
5.4.1 1 3 3
6.1 3 3 3
6.1.1 3 3 3
§.1.2 3 3 3
6.1.3 3 3 3
6.1.4 3 3 3
6.1.5 3 3 3
6.2 3 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
6.3 3 3 3
6.3.1 3 3 3
6.3.2 3 3 3
8.3.1 3 3 3
11.2.1 2 2 3
11.2.2 2 2 3
11.3.1 1 1 3
213 gglgg‘loﬁLQI"JAGE IS
e . ALITY
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S e st

END VIEW (TVP) “BLANK". W coPreR PIPE, TYPE 'L’

5
‘, N et iy
—-gg(orlﬂw@) :

END VIEW (TYP) '

‘ “EinISHED" DRIER TUBE

- INSTRoCTIONS '

. /. _CUT PIPE To S12E€ e /04'LG
2. REMovE BURRS

B
&

| ORIGINAL PAGE IS
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