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PART 1

Preliminary Design Review Data

Contract NAS8-32253

Project: Flat Plate Collector

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

Contract NAS8-32253

Project: Flat Plate Collector

The following drawings are required to define the svbsystem;
1, Twin ‘tubing cross section
2. Header assembly‘
3.. U-bend
4, Tubes for header takeoffs and U-bends
5. Standard straight Sunmat

6. Collector assembly, top'view, lengthwise cross section and
widthwise cross section. '

See Section 3 for drawings.
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Special Installation and Maintenance Tools

Contract NAS8-32253
Project: Flat Plate Collectof
Part Number: SMO0O1

Nomenclature: Stimpson Clamp Driver

Description and Use: The tool consists of a short length of 3/8'" ID

pipe with a 5/16" slot cut in one side, fastened to a handle. The tool
slips over the EPDM tubing and is used to push Stimpson clamps over header
nipples and U-bends.

Manufacturer: CALMAC Manufacturing Corporation

-

Justification: The best alternative using standard tools is to use a

- pair of pliers as a pushing tool with the clamp between its grip. Apply-
ing enough pressure to hold the clamps easily, however, damages the
clamps, and the pliers tend to slip off the round shape of the clamps.
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Subsystem llazards Analysis

Identification and Control of Hazards. The sources of hazard in the collector

sybsystem are excess temperatures and pressures within the piping and tubing,
and the toxicity of -the ethylene glycol heat transfer fluid. The hazards are
only to personnel and not to equipment or buildings -- the temperatures and
pressures involved ‘are not high enough to ignite, collapse or otherwise
damage equipment 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
relieve them before they build up to an éxcess. The use of a temperature
and pressure relief valve in the system set at 225°F and 40 PSI accomplishes
this objective. In addition, to minimize the risk of burns suffered from
touching the cover panel which might reach to 180°F during no flow conditionms,
signs will be recommended when the collector is operated in areas subjected
to public traffic., The toxicity of the glycol is managed by the use of a
basin to catch fluid vented from the temperature/pressure relief valve., The
other source of glycol contamination -- leaking from the collector or some
other part of the system -- will be managed by recommending periodic in-
spection of the level of glycol in the system,

Residual Hazards. In a properly installed system -- and it should be made
clear that the relief 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 associated with conventional systems -- the hazard
of excess build up of hot water or steam pressurc in hydronic heating systems,
or the risk of leaks from gas stoves,

Component Failure. The malfunction of a temperature/pressure relief valve
will significantly increase the hazard 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 of '
glycol, :
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Contract NASS-

Prototype Design Review Data

32253

Project: Flat Plate Collector

We recommend use of the following data at the prototype design review:

1. Drawings:

a.

Twin tubing cross section

Header assembly

U-bend

Tubes for hcader takeoffs and U-bends

Standard straight SUNMAT

Collector assembly, top view, lengthwise cross sectién and
with wise cross section. ) '

D ovgen Tetoe . fo. U - bnd aok Smpan- dame

data: '

Collector efficiency

operating temperature and pressurc limits

pressure drop through system

freeze tolerance

resistance to ponding

fail-safe performance

water potability

resistance to solar degradation of EPDM

resistance to fluttering by wind

leakage

resistance to thermal degradation-

resistance to structural damage
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Prototype Design Review Data (Continued)

3, Analyses:
a. mnoise and corrosion

b. structural calculations
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Government-Furnished "Instrumentation

Contract NAS8-32253

Project: Flat Plate 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.
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Verification Plan

Contract NAS8-32253

Project: Flat Plate Collector

CALMAC Manufacturing Corporation
150 South Van Brunt Street
Englewood, N,J. 07631
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Verification Matrix. See 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 - insolation

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 expertise outside our range of ex-
perience -- the chemical testing of water for potability, for example --
will be performed by outside laboratories. Testing to certify performance
will be performed by an independent laboratory.

Test Schedule and Locatioh:

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 " "

Mar 9 Resistance to 3tructural damage " "

Mar 15 Resistance to fluttering by wind " "

Mar 22 Fail-safe protection " "

Mar 29 Temperature and Pressure limits " "

Mar 1-15 Collector efficiency oon "

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

efficiency

All this testing will be done during the qualification 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 tubing, which, since it is manufactured especially for this
application, is unique. The tests for freeze tolerance, potability,
pressure drop, leakage, temperature and pressure limits, thermal degra-
dation, and collector efficiency all stem from the use 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,
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Testing at the acceptance stage should not be necessary, unless design
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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PF01-358¢

ITEM (NAME & PART NO.)

VERiFICATION CROSS

Flat Plate Collector REFERENCE MA]RIX .
VERIFICATION METHOD: y z':j";'liz":y - ;N;PTECT'ON N/A__NOT APPLICABLE
PERFbRMANCE VERIFICATION PHASE - CEMARKS
REQUIREMENT DEVELO;’MENT QUALIFICATION{ ACCEPTANCE ‘
Subsystem Specification 1 4 4
Interim Performance
Criteria
. 1.2.4 3 3 3
i 1.3 3 3 3
1.3.1 1 1 3
1.4 3 3 3
1.l4.1 2 3 3
2.1 3 3 3
2,1.1 2 3 3
2.1.2 2 3 3
2.1.3 2/1 4 3
2.1.4 1 1 3
2.1;5 3 3 3
’ _2,1.6 3 3 3
2.1.7. 1 4 3
| 2.2 3 3 3
2.2.1 3 3 3
_i 2.2.2 - 3 3 3
2.2.4 3 3 3
2.2.5 3 3 3
2.2.6 3 3 3
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PF01-358¢c .

1TEM (NAME & PART NO) VL IFICATION CROSS

Flat Plate Collector ' R}LFERENCE MATRIX
l 1. SIMILARITY 3; INSPECTION N/A___NOT APPLICABLE
VERIFICATION METHCD:  , S uaives A TEST :
L VERIFICATION PHASE
PERFORMANCE . REMARKS
REOU'REME?‘]T DEVELOPMENT QUALIFICATION ACCEPTANCE
2,3 3 3 3
2.3.1 1 4 3
2.4 3 3 3
2.4.1 . 1 3
5 2.6.4 - 1 4 3
2.8 | 3 3 3
2.8.1 1 1 3
3.1 ' 3 3 ' 3
3.1.1 3 3 3
3.1.2 2 3 3
3.2 | 3 3 -3
$3.2.1 2 2 3
3.2.2 o 2 2 3
3.2.4 2 2 3
3.3 3 3 3
3.3.1 ) .2 4 3
3.4 3 3 3
é 3.4.1 2 2 3
; 3.7 :
' 1
3.7.1 2 E ,
3.8 . 3 3 3
3.8.1 2 2 3
3.9 3 3 s

1-13



PF01-358¢

ITEM (NAME & PART NO) VERIFICATION CROSS
Flat Plate Collector REFERENCE MATRIX
] ) 1. SIMILARITY 3. INSPECTION N/A___NOT APPLICABLE
VERIFICATION METHOD: .\ vais a._TEST |
: VERIFICATION PHASE
PERFORMANCE REMARKS
REQUIREMENT DEVELOPMENT | QUALIFICATION | ACCEPTANCE '
3.9.1 ‘ 1 4" 3
4.1 3 3 3
4.1.1 3 3 3
4.2 3 3 3
i 4,2.1 1 4 3
4.2.2 o 3 3 3
4.3 3 3 3
4.3.1 1 1 3
4.3.2 1 3 3
4.4 N 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 3

e et i A T eywe S mme o = sm e emeleATIe s et
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' PF01-358¢

ITEM (NAME & PART NO.) VERIFICATION CROSS
Flat Plate Collecter REFERENCE MATRIX
1. SIMILARITY 3 INPECTION - NJA_ NOT APPLICABLE.
VERIFICATION METHOD: " 0 o S rpar
: : VERIFICATION PHASE :
PERFORMANCE : REMARKS
REQUIREMENT DEVELGPMENT | QUALIFICATION| ACCEPTANCE
5.1.6 2 4 3
5.2 3 3 3
5.2.1 1 -4 3
5.2.2 1 1 3
5.2.3 2 2 2
5.2.4 1 4 3
5.2.5 1 1 3
5.2.6 1 1 3
5.3 3 2 3
5.3.1 1/2 ‘ 3 3
5.3.2 2 2 3
5.3.3 2 2 3
5.3.4 2 2 3
6.1 3 3 3
6.1.1 3 3 3
6.1.2 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 l 3 3
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PF01-358¢

ITEM (NAME & PART NO.)

Flat Plate Collector

VERIFICATION CROSS

REFERENCE MATRIX

VERIFICATION METHCD:

1. SIMILARITY

3. INSPECTION

N/A__NOT APPLICABLE

2. ANALYSIS

4. TEST

PERFORMANCE

VERIFICATION PHASE

1-16

: REMARKS

REQUlREMENT DEVELOPMENT { 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
o 1.2.1 2 2 3

11.2.2 2 2 3

11.3.1 1 1 3




PART 2

Preliminary Design Review Data

Contract NAS8-32253

Project: Solar Pump

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



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



Special Installation and Maintenance Tools

Contract NAS8-32253

Project: Solar pump

No special installation and maintenance tools are required.




Subsystem Hazards Analysis

Identification and Control of Hazards. 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 equipmert or build-
ings -- the temperatures and pressures involved are not high enough to
ignite, collapse or otherwise, damage equipment 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 relieve them before they build up to an excess, The use of a

temperature and pressure relief valve in the system 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 recommended when the pump is
operated in areas subjected to public traffic., The toxicity of the
glycol is managed by the use of a basin to catch fluid vented from the
temperature/pressure 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 Hazards. In a properly installed system -- and it should be
made clear that the relief 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 associated with conventional
systems -- the hazard of excess build up of hot water or steam pres-
sure in hydronic heating systems, or the risk of leaks from gas stoves,

Component Failure. The malfunction of a temperature/pressure relief

valve will significantly increase 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 of glycol.
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Prototype Design Review Data

Contract NAS8-32253

Project: Solar Pump

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

: a. Pump, top view
¢ b. Pump, cross section
" c. Vapor tube

2., Test data:

a. Operating performance (flow rate, pressure output for
various combinations of liquid temperature and
~ steam pressure)
b. Thermal degradation
c. Fail-safe performance
d. Leakage
e. Vibration’
f. Water potability

3. Analyses:

a. Noise and corrosion
b. Structural calculations




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.
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Government-Furnished Instrumentation

Contract NAS8-32253

Project: Solar Pump

No government-furnished instrumentation is required.
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" Verification Plan

Contract NAS8-32253

Project: Solar Pump

2-8

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



4.

Verification Matrix. See attached.

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

Totometer - flow rate

potentiometer pyrometer - temperature
pressure gauges - pressure

manometer - pressure drop

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

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

Test Schedule and Loaction::

Date Test : Location
Mar 1-30 ~ Potability of water run through Outside lab to be
‘ ‘ system determined
Mar 1-30 Thermal degradation CALMAC factory
Mar 8 Leakage _ ' A " "
Mar 15 Vibration ) ' " "
Mar 22 Fail-safe performance ‘ " "
Mar 15-30 Operating performance and limits n "
Ap 1-30 : Operating performance and limits DSET, Phoenix, AZ

All this testing will be done during the qualificaiton stage. The critical
problem in the case of the pump is the development of a design that will
meet operating performance requirements -- pumping at specified pressures
and flow rates -- not the development of designs that meet ruggedness and
durability requirements. Solving this problem involves analyzing different
shapes and designs of the cylinder chamber, valves, vapor tube and so
forth, and does not lend itself to testing., Once the design is set and
operating performance requirements met, then we can test rigorously both
the pump's operating characteristics and its durability during the
qualification stage. Unless design changes develop during this period we-
can proceed readily to certification by an outside angency (DSET) towards
the end of the qualification stage.
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PF01-358¢ :

ITEM (NAME & PART NO.J VERIFICATION CROSS
Pump - REFERENCE MATRIX
VERIFICATION METHCD: ; i'r:n;:ti::sry ' i ;r\::s;r;ecnow N/A___NOT APPLICABLE
PERFbRMANCE VERIFICATION PHASE
REQUIREMENT DEVELOPMENT OUALiFI.CAT)ON ACCEPTANCE REMARICS
YTechnical Performance 4
. Requ. ements
Interim Performance
Criteria
1.2.4 3
; 2.1 3
2.1.f 3
2.1.2 3
©2.1.3 4
/2.1.5 3
- 2.1,6 3
2;2 3.
2.2.1 3
"2.2,2 4
2.2.4 3
2,2.5 3
2.2.6 3
2,3 3
2.3.1 4
s 2.6 3
2.6.1 3
2,6.3 3
2,6.4 3
2.7 3
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PF01-358¢

ITEM (NAME & PART NO.) VERIFICATION CROSS

_Pump . REFERENCE MATRIX
VERIFICATION METHCO: : ::f;ttzgy Z ;"E’ESS’;ECT'ON N/A__NOT APPLICABLE
PEBFbRMANcé VERIFICATION PHASE | |
REOU‘REME_NT DEVELQPME{«T QUALIFICATION | - ACCEPTANCE ‘ REMARICS
L2.7.1 3 3 3
2.8 o 3 | 3 - 3
2.8.1 1 1 3
3.1 3 3 ' .3
50,1 - 3 3 .3
3.1.2 2 3 3
3.2 ' 5 3 3
- 3.2.1 2 2 3
3.3 s | 3 A 3
3.3.1 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 ” .3 3 3
4,1 . 3 3 3
4.1.1" 3 s 3
4,2 : | 3 3 _ 3
4.2.1 | 1 4 ‘4
4,2.2 : 3 3 3
4.3 3 s 3 ,
4.3.1 -2 R 3 |
4.4 3 51 3
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PF01-358¢

ITEM (NAME & PART NO.)

VERIFICATION CROSS

Pump REFERENCE MATRIX -
VERIF’CAT'ON METHOQ: ; il:"Z'.LI;:lISFY ‘ i !rl\:—:b:rECTION ‘N/A__NOT APPLICABLE
‘ VERIFICATION PHASE
PERFORMANCE ‘ ; REMARKS
REOU'REMENT 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
N 5.1 3 3 3
5.1.1 1 3 3
5.1.3 1 3 3
5.2 3 3 3
5.2.1 - 1 4 3
5.2.2 1 1 3.
5.2.3 2 2 3
5.2.4 .1 4 3
5.2.5 1 1 3
5.3 3 3 3
5.3.1 1/2 3 3
5.3.2 2 2 3
5.3.3 2 2 3
5.3.4 2 2 3
5.4 3 3 3
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PF01-358¢

ITEM (NAME & PARTNO)  VER|F|CATION CROSS
pump__ . REFERENCE MATRIX
: 1. SIMILARITY 3. INSPECTION N/A NOT APPLICABLE
VERIFICATION METHOD: 75 navgs 4 TEST '
: - VERIFICATION PHASE
PERFORMANCE - REMARKS
REQUlREMENT . DEVELOPMENT | QUALIFICATION] ACCEPTANCE

5.4.1 1 "3 s
6.1 ‘ 3 3 3
6.1.1 | 3 3 03
6.1.2 5 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 A 3
6.2.3 3 3 3
6.2.4 3 3 3
6.3 E 3 3 A 3
6.3.1 3 3 3 , 3.
6.3.2 3 3 s
8351 0 3 3 3
n.2a1 V2 2 3
11.2.2 R 2 3
11,3.1 1 R | 3
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