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SECTION 1

CERTIFICATION REPORT
TO
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MARSHALL SPACE FLIGHT CENTER
FOR

THE SUNMAT LIQUID FLAT PLATE COLLECTOR

CAIMAC Mfg. Corp.
150 5. Van Brunt St,
Englewood, NJ 07631
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The SUNMAT's compliance with
the IPC was reviewed and confirmned by Engineering Testing Labor-
atories, and their apalysis is included with this report. The
report also includes test results from Desert Sunshine Exposure
Tests confirming the SUNMAT's compliance w1th thermal perfor-
ance and efficiency specifications.
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BESE RT SUNSHIME EXPOSURE TESTS, INC.

 TAWA.
THE SUN KACHINA

WeTest SAmything Under the Sun

BOX 185 » BLACK CANYON STAGE
PHOENIX, ARIZONA 85020
{602)455-7525

April 14, 1978

Mr. John Armstrong OF POOR ”UALITY
CATMAC MANUFACTURING CORPORATION
150 Ssouth Van Brunt Street

Englewood, New Jersey 07631

Subject: Test Sequence of Sunmat Collcctor to
Conform to 1975 IPC and HUD/IWI

Dear Mr. Armstrong:

Desert Sunshine Exposure Tests, Inc. performed an ASHRAR
§3-77 thermal performance, a 30-day stagnation and a thermal
perforniance retest in accordance with the HUD requirements for
the Hot Water Initiative. The data and results of these tests
are presented in DSET Report No. 77S1111A. ASHRAE 93-77 is
the test standard that is generally ac:epted, industry-wise,
as the standard for thermal performance testing of solar col-
lectors. On the basis of the DSET tests, the collector is
judged to meet the HUD/HWI reguirement that no more than a
10 percent change be observed for the values of F_oat (the
intercept) and F_U_ (the heat loss coefficient) abter 30 days
of stagnation. us, paragraph b of Criterion 5.1.1 of the
1975 Interim Performance Criteria is also judged to be met.

Other criteria applicable to the 1975 IPC were evaluated
by BEngineers Testing Laboratories, Inc. Their letter report
is attached to this summary. '

Respectfully submitted,
DESERT SUNSHINE EXPOSIRE TESTS, INC.

A G

President (& erhnacal Director
GRZ:1f
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Report No. 7781111

DSET No. 18471s

t
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) SOLAR COLLECTOR PERFORMANCE TEST

&

L Fors

: i Mr. Cal MacCracken
: ; President
T CALMAC MANUFACTURING CORP.
g : 150 South van Brunt Street
1. | ' Englewood, New Jersey 07631
[ '

From:

Desert Sunshine Exposure Tests, Inc.
Box 185 Black Canyon Stage .0
Phoenix, Arizona 85020

Bys: Appraved & i
| | |
‘_ /e, J [Ziace o,
2 William J. Putman William T. Dokos i
i Research Engineer Managexr, Solar Operations P
A
.
B
;u% 4 January 27, 1978
|
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This test report contains only findings and results arrived at after
employing the specific test procedures and standards listed. Tt does not
constitute a recommendation for, or endorsement of, or certification of
the product or material tested. Desert Sunshine Exposure Tests, Inc. makes

. no warranty, expressed or impl.ed, except that the analysis has been made,

and a repoxri prepared, based upon the sample or samples furnished by the
client. 2any extrapolation of data from the sample or samples relating to
the batch or lot from which it was obtained may not correlate and should
be interpreted accordingly with extreme caution. We dssume no responsi-
bility for variations in quality, composition, appearance, performance, or
other feature of similar subject matter produced by persons or under condi-
tions over which we have no control.
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INTBODUCTION

A program has been instituted by the United States Department of Housing
and Urban Development to encourage homeowners to install solar hot water sys-
tems. This program, commonly referred to as the HUD Solar Hot Water Initi-~
ative (SHWI), requires manufacturers of solar equipment, who wish to qualify
their products for this program, to meet certification requirements set forth

by the HUD Intexrmediate Standards for Solar Domestic Hot Water Systems/HUD
Initiative. :

Desert Sunshine Exposure Tests, Inc. (DSET) has been approﬁed.to perform
the "Thermal Stability" test which is part of the certification reguirements.

DSET, Inc. conducts the thermal stability test in accordance with the proce~
dure outlined by the HUD Intermediate Minimum Property Standards Supplement

(MPS 4930.2, Sec., 5-515-2.1.2).
The thermal stability test consists of three parts:
A. Initial ASHRAE 93-77 thermal performance test.
B. 30-day stagnation exposure test.

C. PFinal modified ASHRAE 93-77.

A. INITIAL, ASHRAE 93-77

The initial ASHRAE 93~77 thermal performance test consists of four sepa~

rate parts: (1) Preconditioning, (2) Determination of the collector*s time
constang, (3) Instantaneous efficiency performance tests, and (4) Determina-

tion of the incident angle modifier for the collector. §

Preconditioning
. }

In preparation for the preconditioning test, the collector is filled
with water and the inlet sealed. The panel is then placed in a non-~
operational stagnation mode in which the water is allowed to evaporate ont
during exposure. The collector is exposed for three days in a stagnation
mode during which the cumilative incident solar radiation in the plane of ) g

the collector is at least 1500 BTU/ftZ/day.
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Time Constant

The time constant is an indication of the transient response of the
collector to a step change in insolation and is utiliz~d to determine the

proper data intervals for the instantaneous efficiency tests.,

The test to determine the "Time Constant" is pexrformed in ac ordance
with ASHRAE 93~77 (Section 8.3.1, Method (1)). ASHRAE 93-77 defines the
time constant as the time required for the outlet fluid temperature to at~
taln 63.2 percent of its steady state value after the collector has been

shaded with a cover to provide a step change in insolation.

Instantaneous Efficiency Test

The instantaneous efficiency tests are conducted to determine the effi-~
clency of the collector as a function of the incident solar radiation, am~

bient temperature, and collector fluid inlet temperature.

ASHRAE 93-77 defines the solar collector efficiency as the amount of
useful energy extracted from the collector divided by the amount of inci-

dent: solar energy intercepted by the gross area of the collector.

At least sixteen (16) efficiency "data points" are obtained during the

test‘in order that a governing "efficiency curve” can be generated.

All instantaneous efficiency testing is conducted in accordance with
ASHRAE 93-77 and DSET Specification 75-SE2, appended herewith, utilizing
a sun~tracking altazimuth mount which maintains the collector at normal

incidence during the test pericds.

Analysis of the effficiency data is performed by employing a 2nd order
least squares polynomial resulting in an efficiency equation given as a

function of the inlei parameter, (Ti—Ta/qu.

Procedures and instrumentation emploved for this test are described in
DSET Specification 75-SE2 with the following exception: standard pressure
gauges were used for pressure measuraments. The pressure gauges used were
not considered highly accurate; therefore, caution is advised in forming

any conclusions based upon these measurements.

Incident Angle Modifier

* In order to predict the collector efficiency at incident angles other
!
than zere, the incident angle modifier, K&T, iz determined for the collec~

tox,. .. The incident angle modifier is a factor used to modify the performance
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curve (determined at normal incidence) to account for the changes in per-

formance due to the sun's incidenk angle.

The test is conducted by adjusting the altazimuth mount such that inei-
dent angles to the collector are 30°, 45°, and 60°. Data are taken in each
of the incident angle positions and the efficiency is calculated. For an

incident angle of 0°, data from the instantaneous efficiency test are used.

The data from the incident angle modifier test are analyzed to deter-

1, where 0

mine the equation that describes K,. as a function of colsE)

is the inrcident angle of the sun.

B. 30-DAY STAGNATION EXPOSURE TEST

The 30~day stagnation exposure test is designed to identify potential
problems associated with the collector's materials and/or construction. The
test is conducted by the method outlined in the HUD Intermediate Minimum
Property Standards Supplement (MPS 4930.2, Sec. 5-515-2.1.2 a-D).

Pre-exposure preparation for the collector consisits of £illing the
céllector with tap water and sealing the inlet. A pressure relief valve is
placed on the outlet for those collectors that operate under pressure. The
relief valve is set to a value within 10 percent of the manufactorer's

recemmended maximm value.

The exposure test requires the collector to undergo 30 days of cumu~
lative exposure to a minimum daily incident solar radiation ot at least 1500
B'I'U/ftz/day as measured in the plane of the collector aperture. During this
test the collector is exposed for at least one consecuntive four-hour pericd
with a minimumm flux of 300 BTU/ftz/hr after "boilout" of the water has oc-
curred.

Appropriate data records, such as insolation, ambient temperature, wind
velovity, and precipitation are obtained for each day of stagnation. During
the 300 B'I'U/ftz/hr period, these data are recorded every 30 minuntes. Obser—

- vations of the physical appearance of the collector are recorded during
weekly visval inspections.
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C. FINAL ASHRAE 93-77

the f£inal modified ASHRAE 93-77 test differs from the initial ASHRAE

93-77 test in that the preconditioning, determination of the time constant,

and the determination of the incident angle modifier are eliminated.

The final test requires a shortened instantaneous éfficiency test. This

shortened test requires 12 efficiency “data points" compared with a minimum

of 16 from the first test.

An efficiency curve is generated from these data and the F_ot and FRU

values are found for the collector.

A composite graph is provided in the following report which shows the

R L

instantanecus efficiency data and analysis results for both initial and final

tests,

ORIGINAL PAGE 15
OF POOR QUALITY
D. SPECIAL TEST

A special test is also reported along with the results of the final
ASHRAE 93-77 test. Four instantaneous efficiency points were taken at
approximately the same ceollector fluid inlet temperatures with the glazing
of the collector removed. This test was performed to &etez;mine indirectly
the losses through the cover at the collector under the imposed operating

parameters.
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This section of the report presents the data and results of the thermal . { '

pexformance and stagnation test performed on the Calmac Manufacturing Cox- - ‘s
poration's “"Sunmat" solar collector. .

The collector's design incorxporated the use of plastic absorber tubes "

connected to a copper header, with a single plastic cower. E

A. INITiAL ASHRAE 93-77

The data and results for this test have been previously reported in Re- o

port Wo. 7751111 of January 27, 1978. - .
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B. 30-DAY STAGNATION EXPOSURE TEST L]
i
Fifty (50) days were required to achieve 30 days of exposure representing i ? _

] 1500 B’J.‘U/ftg.day in the plane of the collector. This exposure period was un- ! ! :
ustially extended due to uncharacteristic winter weather experienced at the ' ' i:
test site. All relevant data including visval inspection information, are § ‘
presented in the following tabies (Tables 1 and 2). - :
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- DeserT SunsHine Exposure TEsTs, Inc.
) : ' Box 185, Black Canyon Stage
Phoenix, Arizona 85020
‘ 30 DAY STAGNATION
) Company: CALMAC MANUFACTURING CORPORATION Rack #: 160
| DSET No: 184718 | Angle: 45° South
1 lollectox: Summat Start Date: January 18, 1978
Pressure Rating: 25 psi 3230 pom.
- ’ Cummilated  Awbient Temperature Wind ]
Yi Jays Date BTU/Ft2 BTU/Ft2 High Low _Velocity Precipitation
| 1 li/19/78 166 166 52 46 7 0.12
1 2 |ire0/78 273 433" 50 40 Calm 0.13
1 3 lire1y78 | 2185 2,594 58 38 5 '
4 4 17227718 2063 4,657 61 40 8
'_; 5 1/23/78 1834 6,491 57 39 i3
{6 1/24/18 2033 8,524 57 35 10
7 1/25/78 2125 10,649 56 33 7
8 li/26/78 2232 12,881 61 35
9 |1/27/78 1557 14,438 68 41 8
10 1/28/78 1841 16,279 76 50 10
U jis20/78 1974 18,253 74 50 7
2 - |1/30/78 177 18,430 56 48 - 16 0.42
03 {1/31/78 269 18,699 53 47 4 0.14
¢ 271778 1718 20,418 64 46 7
15 |2/2/78 2184 22,662 71 47 9
V16 jas3/78 2277 24,879 71 .48 12
17 (2/4/78 889 25,768 69 50 18-
{8 |2/5/78 616 26,384 71 51 6
18 |2/8/78 568 26,952 61 49 Calm 0.55
20 |2/7/78 1738 28,690 64 44 0.12
2! j2/8/78 1701 30,391 64 46
22 12/9/78 1731 32,122 68 49 8
23 |2/10/18 295 32,417 58 46 14 0.80
} 24 j2/11/78 1077 33,494 52 41 12 0.54
il 2x 2712778 | 1255 34,749 . 54 40 5 '
11 2b [2713/78 299. 35,048 *| . 51 39 3 1.07
| 2t f2714/78 4291 35,539 *50 36 5 0.08
These do nofi.meet 1500 BTU/Ft? ;- minimum req;ﬁrements
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DEsERT SUNSHINE ExPosure TesTs, INC.

Box 185, Black Canyon Stage
Phoenix, Arizona 85020

30

DAY

L SR ROt Pl

STAGNATION . ;
ORIGTWAL PACE I “
Company:  CALMAC MANUFACTURING CORPORATION (p. 2) Rack #: OF FOOR QUALITY i
DSET No: ' Angles ’ l
Collectors: Start Date: '
Pressure Rating: '
: ’ Cummulated Arbient Temperature Wind b
! " Days Date BTU/Ft2 BTU/Ft? High Low Velocity Precipitation -
F 28 |2/15/78 | 1343 36,882 54 40 6 o L
29 la/16/78 | 2395 39,277 57 36 8 L
30 [2717/78 | 2244 41,521 *59 16 6 $ ‘
a1 {2/18/78 2428 43,949 62 39 18 |
32 |2/19/78 | 2413 46,362 - 62 40 15 CH
33 |2/20/78 2365 48,727 61 38 9 | a
34 2721778 | 2402 51,129 74 4z 12 |
33 j2/22/78 | 2421 53,550 73 ‘47 7 1
6 |z/23/78 2406 55,956 73 49 11 o
37- |2/28778 | 2317 58,273 70 43 12 ik
8 |2/25,78 | 2125 60,398 68 43 9 \ f
! fa3e |2726/78 | 1029 61,527 67 47 7 AEEES
- 40 | 2/27/78 480 62,007 56 49 5 0.98
# 41 {2/28/78 786 62,793 59 51 7 0.79 |
| l 42 |3/1/78 801 63,594 63 51 14 1.00
| *43  [|3/2/78 542 64,136 56 51 12 1.35
|4« 338 2410 66,546 64 48 14
*45  [374/78 686 67,232 65 47 10
f 46 {3/5/78 207 67,439 55 46 10 8.27
47 | |3/6/78 1845 69,284 62 46 15 0.07 .
.48 _{3/7/18 2395 71,679 69 43 10 ' ]
49 13/8/78 2771 74,450 71 48 4
50 {3/9/78 2162 76,612 73 48 9 S
! =
! &
These do not weet 1500 BTU/Ft?, minimum requirements
l 13 all
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g
i

g .‘. Cunmulated Ambient Temperature Wind
| ways | Date | BIU/Ft? BTU/Ft® . High Low Velocity | Precipitation
§
¥ :
<4l s
E
’i
. *
1 tal
76612 . . 2.43
7 Total T ..
8
B
Weekly Inspection Report
k1 1/26/78 Light outgassing spread uniformly throughout inner glazing. Absorber plate
) delaminating from backing. Some condensation noted in lower richt corner
j of inner glazing. ) )
V2 2/5/78 No apparent change.
3 2/17/78 OQutgassing was more intensive throughout the collector. ) _
,
F E 4__2/24/78 Delamination of absorber from backing is more developed. A white diserler-~
' ation of glazing is forming in lower right corner of the collechor.
___3/3/78 Lower 1/4 of the glazing has discolored.
3/9/78 Top end of the collector has a white discoloration. Some of the insulation

‘iEl wet from condehsation in thg. collector,

R . i;..
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or P 30~Day Stagnation Report
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TABLE 2. ORIGINAL RAGE IS
O} PQOR QUALITY

4-HOUR STAGNATION PERIOD®

Company: CALMAC MANUFACTURING Collectox: SUNMAT
DSET No.: 184718 " Date: MARCH 17, 1978
Ta

Solar Time (°F) BTU/Et /hx

1000 72.5 349,50

1030 74.1 355.03

1100 : 76.9 347.28

1130 78.1 347.28

1200 81.0 349,50

1230 82.9 356.13

1300 82.8 , 356.13

1330 81.1 356.13

1400 82.2 . 352.81

*Test was cohducted with the collector mounted on an EEK
{(follow~the-sun) mount.
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C. FINAL ASHRAE 93-77

The data {Table 3a,b,c), and the efficiency graph (Figure 1) are at-
tached at the end of this section. Alsc attached is a graph (Figure 2)
which compares the initial and final instantaneous efficiency results
(reference is again made to the fact that the initial data were furnished
previously).

Analysis of the efficiency data zesulted in the following second order
equation:

P T, T 2
n = 0.633 - 1.014 |——2] _p0.165 —a—-f'-

Tha FRcrr product for this test is egual to 0.633 (63.3%).

The overall heat loss equation is presented below along with its eval-
uation at three parameters.

d
T.-T
37| = ru = -1.014 - 0.330 [ 2 a]
d RL q
q. 1
e l -
- Inlet Parameter:* 0.00 0.15 ©.30
-tk -— - -
. FRUL. 1.014 1.064 1.113

"*op/BTU/EL2 . hr
**BTU/£L“.hr/°F, negative sign denotes loss

FL

— v — -
) S
R TIEE  T

—a

T AP IR e ryp

Yo




T ..y':qc -y piabd e 0015 Bl o . 4 . fea i n b chie b Lt s
» LS .
e S —
£
il n P £
r - Iy Iesm veg 0, 1 0D L&y} ..._ npinrong 0, G ey 1o 0oy 13 LS 0T, oy
.m e - | (i) Q..? .Oqwa...h ‘o 'l STV .n.n.e_ 0—\-a~.o..€.iﬂ0~ s '0
il s Mt . AT e e DETTIE TR o
1 \U\ ol pes ) ....Q. -4 n._ v~ l._ g PO SRR S, q _J 1.. e, © vy
y o = . LV £ P I v ¥ w1 LS Iy sty 2 ey ~3 .OSsca..Lrp
SR | =] b= Yy vy b S vy A 1 Sy ey
] 3 Lo o o
- 31
% .d i m w by S I i 1y DieiYsrhog . T, 000 :J :._ bt 2 11 'y
! & R ty 3 Lol by ..L-J.O-rQ..h. £ IS s Dol i n.aa.w P S S Y TS
S | M ) -_ J'o e —-.J w Al e St IS B L . ol - r .
, % Lo = .......‘._..:E “ _..-3....21..‘.0.n_—:ﬂ...- Pe £y £y Fis ) aq..—.....h...a. 3~ 1« (o SRl et
1 o9 o I 9.~ ) P I s Y g wtprr, .c LAV £ /R AN L) vy ‘ruln o mly
: ..3. X ] bt LTV R T 0 1 Nt ~—
- beo U og LG I v L
3 I
e . - TR ﬂ....h
] = ity InY [ CWRLS v Sl SN < s I ot tglneg . ol 0 OOy fop FY sy e,
4 L K B S ) W I B ALV LAV s SELATTEET RS M O ,.q...o .o.-:..U.U.UJ.f:....-.3 0l NN
e | ~ e inl Ly o) f. 43 al. I R TR RS S r . o o alntny
o Wil - .Jd fs w3 Intgm o 1:_ r..o.oq .o Q. L? 2 TR LY IR R an] . ey
J T ‘KL Tl f. AR Ty s Ty v D LOR PN PR AV O R TR Ty v e 0 0 O,
sty < b= e ly 1 Yoy Yoy A ST Ny A ‘ Vg Ve Ny
| 3 o ey o0y oo e - e
PR M - wextuy I
i | L L ol L s [
N0y TR T ] ....,. st 'oingg e LA R _ Lol LT S RASE 'R AR R
S embe .._ gz W "o sporoh LY 3y .:. fw b4 e o .n. ~ .... prile o] 0 ... _... o tog Tey £ OO (T
. & e >l .H o v A oy . 1oty
: R¢LX GJP—\ T { o v R ) -J..O... ..h. LD qu B P veg t._.r..d -.- st R
N L] (o xal- b g Yoy CF Ty e 1y s O try lry -!-_.'n o sy iy LT Ty s~ v 03 €5 05 00,
e | bl 4] . 0wy ey vy be ol L ] AR - R BT
] . P T ey ey
! s by s
Y YieELR
! - ~Jly | £ oy 1 £ 1 1 v g Ity igogta . L 8 O o R PR [ RV RN R
! 3 - . 2N ..L_....: :u ........n. ‘o ny -...: 1S ao DO Il g ma,
1 b 4 (¥} b L 3 It
! ({8 [ Tl T e "0 ﬂ. ..o e 'y .o o) tatn ok AT R Y R R T R
H - A% L] ey v sy Ty Ly oy —..!. ol salinry o) vy L R R o B e LA Y
e | z b o ey vy he ML TR T A Seq v vy
_ d & Ta.m 1 (e )
! ) 4 te
-— g b= [ T
1 T b L T Moo Y InIn bty D000y
&= 15 LS 0] £ €0, O 3= 0Ty U 3..3457 .t.H.?I:.n.c..a?:oq..
—— L) b U3y O e R S S bt ST o v osininoy
£ - g lo o o ly o 082?5 T 0y 6 11 F 0y 5 4
b~ b 0 D~ DM faale QLD (MYl ly Ty Ty v v 1D D DO
| w ‘e (3 s~ivm e S " In e Y Y
ly T .y ey
| -.o .y O .
e ™ et [ Q
D e\ D
il (44 oty B I~ = luy s ]
P 2 .ERY U Rate § o~ yis =
2 MRy b * b 4 yl
POMNE S £ _isin B =Zk~XZ Q.0  UF ST 12 by by
iy 49N D oy oty b el LedE RIS wd D QX '3 S,
B . R 2 EARARRCG EiLgTwe €T AAG
st o | LTk ; . 4 [ Q sl .g Ut ® e
4 = -9y W W W S~VLTLY .y W' 1 13 X T T
QO «f3 ke b X E Jlucluclulyluy Wiz b TTH -l
, o~ 20D X b ba Msebs bk BN Q@i bty b b bt b
ZluZ -0 =~ = ZhXMMIZ T BN DG _XTTZD /S B & e
2 T o NZ DIl @My Ry | 0
T  lWW=-ok~ g J U= O T (. Pl K P DU R P Ol
&y o Wlhlua ™ T T < Wt gz Wl [T el ol e
3 o Slwwwluly a4 L ERR = = oY OgoaaoQ o bekeRoeocluo
0 QD oS O i
4 .
T » - '




54: ‘111.1.111144311.11;
i % &
SO TN O (R RO | O A RO TR T RO ey Y i il wibl] S E v 0 b Bt SR Y
=1 b .u._J.H__. 'y “_.....n.: ‘> .u...L:J_:._...J Ol ogmg
. LB O . 3 S oy .
3:..2-:: i MEolum oy Do - My
v —__ _-l.. el (o] L4 8 | B LOTb SRS SN G BUCH IR T s ‘0 (Y T Uy am Ry B el
b= e Bl | T " —i‘ ] LT
Ly ~ L]
el B
o Lo w O Py s B iy s ...ﬁ Sl s ,z_;_ . LLEH SN T DS R SR SR N |
. tit ‘ | SRk —. Tine oqa_rd ‘g LR .C-J_..._ ._ S S L inlng G g iy
i uL Oy L~ fo it el gy L o R S R T B RS {
- ._.._-q. Ley £ 3 3.__ Faty o 'o AV _.ﬂ.__n. ___: ;u :.. DD FILWITG . . LD
L] T I- he Ll o' Ll ] C._ o £l thy v 00 v U5 LY (L] v~ by vy vtirarn
Vi T T R oy « 1 ! 5.
~ b~ L] -'.— -ﬂ. vy (o)
o P o
I- e " — .
0 = A N e IR N LR L -1 m ey . R I e MO e B )
Les i) MR YRS ey -~ Dol T LAx) _...._o- Fuss 'y :. bt GRR PR EY] e..v_ LTl (o Ty IRE Tl £5Y __,. b AN £ .._. Iy
(B Ly il lg o I _._.._—. IR 1 R . A i o e tD) .t.._.n_ :
Laly LR (R | { “ —J ..n. _..t n.._ o' o __._ I _:... —J ISV R Do LS o BR S T .U Sox « I
lu Trn Rl 1 ol 5 ..u. TR T LR O R (Y TR SOV OV IRV (0 S 1Y e Lhysm TG T0IN
e [ (o I T | g vy *t+ o n | s |
PR B S E LK [ = Lo
s o= b= W Ely In
Lo T ol 4 R Ly wy i
[T lure =t O RTVELY N L1 O ) lw'Dfprnsgerr . : O b B L 5 S L LY SN |
L .L_: i ly Wbyry il taialn'o Ly sen amg OFy Foe oy B2 1S 7D 30 Ay 1) VLN O TR R
i, =0 O B T R - R o O Y e Aaalan g - <R
=% *R 'L (20020, (v 1 .o oo b Cyla il by T30 1 Lo T St ﬂd -f mg .u. DI . Wn
I iy DTS B o AL T < SO S (7] S oy R 2T R Pl IS oY R W (DTN,
il (v - LU I Y *r B £ | v~
v by e ‘T - (5]
Q U by L
bl =
9 s Al .- O e 0T V0 T v T T 040k ™D _:._ . Lo/ M PR O OO ST« N £
m -t G P (o Ly syl o ng iy hb RSN .- i.-..._.r.._-.u_.ﬂ. bt SRV RLACT (RE o SN B _L_
M Ly 3 o ] =g § g BRIl R R L PR 3 R e e
. TN Ly o €4 Ty v G smanu bg £ 0T e 1 0 L T U O T X S
i -, try  Inln Palmss iy amin  tnlnin gty sa Ty Oy T D LMY
ﬂn u." Yy vy *+ s g —.J— | Sy g
T&_ % tu | - o
A .
Ly be £ ™
Lo *T L o T I M s s My vy 0 minm 333 . M r.ry'oln
W] (r Lol B _..e..: ‘G ?.3.4.-. R :u TTiam 3...:.2.. .u. :_.: ..._.; 1515
fa |~ Kooty e v R S L
[ (] .o -Q..... 3._ .... 4.;._,._ LETRN PO OO (<] .:.h -.n...._ ..J _:r_....r.. :_. e« o oIn
f= i g Inln T 1 %8 s 1y Fryasg R 0R Fo) g [rynny LEN T AF S _.... Wch iy
n Lo L sMm hF L D In | e "~
Ly ‘X "™ &)
[ -.Q w0 ‘s
D s 0
175 e, =
(p .c Mo fly, I e b= Ly i
. L] A I ney b= (44 ﬂr . o | e R 2
g b e R TRl o T ot ly'ta
3 & thiin B I=imisir (.3 iy .Jdx b,
ly .Jr :u L] luwmiy o SRS i LnE «d 9 TS
i T . 4 s : X I X i) v ‘Lo lysx -, 3 LR
- R s D =2 A W le.JgTilye {83 NN
=] E oy gyl LWL g LD O Ly L L.n
o 8y = b= KO aaltlusclusclututy S IS E TRl =Y T T b= b= Ly
e~z Cy T Lo e B TRELAPS Lo et St Jpecier B Dol o' f RO VT RO I~ _.._ = = b
gz (g ~ = ThEXZGZTDI- Ty I I | A5 R
O S N (4 ) Z b DT bl [Q % 4 _...unIJ.TTT (| b LU
T L lll~Dk e J4 W~ O T Ees. St gLy F L~ b=
o e lytln oA R B L S LT % B (TR T [P S A S s |
o oWy lyly -~ D Tk k= = @MU U =ACE UL
w €0 0 b= o] <
% n
T I et Bl - e ————————— A ———— e S —
. = — - - o . e Wi 8T 2

18

)v




- e Ada i i o T & AkEiasl Lo e b b e
..." .‘ni SRR SIS s 4" —_ - - . A .
£
.I.w . fr
f I 28
4 e :
i Sy L)
1 % “-. i-.
! LITR S L'
= . T - 2o I
i [ ol = [ {3
== — IRER R RIT «huw T
s = G s o) oty
(RTINS £, - g
= - bee iy tepig I = e 1 i~ .
: fry T . L F :n
i I- oS fe] R o hes
— " o ey L Inmy 4 w e I i
:) L] o L ETRD vey N Z 1- Ly =i
1 lurly VI B TV S T O "a B4 - e | {
i : 1S L - T = i
{ u *XY. 10y 0 ik oL o { W = *% i s
I (B w.aq | (@] = . » _
- aol fry-} e Ly re IR A
iy LYy e | S n Ity In . ]
PRI LB ST e L T T A
—1 [FREE W gt .mmug | SR OTILA S £5') O ESEE lesqmnin'prn sl oy e
s amtuy sqlungen iz g LI B LRl VR g Ol LS o gt g g ey bt y. 8|
] Iy ol { IO ol TT LSS ‘L ey ) o b B T o iy A Dby, e i, S e el el He L eipytdyip) i |
RS A Low' Il U o LA {5 Bl Igtoladobe Mo 1 ISg ol W00 N E (Tl s O e ;
bty LUL VRS L W B oS bl &) LTV T 1 D DO R VIR LN T OV IEET SR R OF IO hsq (L1500
=] {5 . w aey vey Y e | b
— e . ey S ‘T Ay "
L~ B SR ‘-
, N
= s ~Jtu I-. B RA<B e N O £ P 00 %3 s bef o't gl et
| m b W't . [l ) ‘oot 'n LA AV P SN N G Moyl L' B AFR KR COR RN AVE BOEY EETI S
m vy R ) Ney vy g R e N . o LLEES OO I Sl Gl e o
1 18 u - . tyrato gt 'n i blta ol oy (I F IS My s, . . I
Ll £ LU B G ] LFVIL LTI 4 SO CS U SR P ETIAY IEETH SR <] 0] vy (Fyssy T 0D 0,
et (a2 i ALY 3 L | Al
! tu 1] | S-t ™
rn C o i
| ly | O () (&
(%] ‘T 3 r. Wi sro 9 508 xhe Y LUV 4 S o rthive'n 0yl
] 145 L= D it bl Mg srtgsrmibrpiatagfL oty gl
" | ra I~ ey o  wll'e s N . AU Ba + & o e e A E Cy W A . . AT D .H-
L ] T fgtaboogiathtg b 'alB'Gs WY IMm Ca
b o Yy 1= ™ 'Dtu oy . Inla M iy sy in'y €] v~ PR Lol VIR
o m e S e ] AP N O ] Ny
| [{7] T .y [£]
I~ 'O s “O nU
L] o= [,
x| L= .1 e, Ll
| e 1t M 0, w-..n | S I~ ty e iat
3 Q. viffiee - e e . ) ERNEE'
— s S S S TR =5 4 ~ s = iy
[ W kil > ted | S L mU e ™ L) ad) a2 Fag boy
= W .o tn v id o o JEOW I T J G
i DU b~ T ‘T  Titaco Lauluz e T ) b
{ od fO - o D S <l Ul (i S (VR " YWD YT AL {5 = eaNICy
o= ) - Qw W W W Sl .y LWy o 1.9 12 3
{ L& O b= b~ 30 X gty lulyly v Wit Iz oo o b= g DAL b= =
| =iz T (2 TR TR PR T D ol A v b= 03Tl R R oy
= Ty iz b1y B I~ Zh=ZEZITOI-s T OG0 TTZRD [ LA s
{ e .H"n. mn. ..aﬂ.r.mm__.r.uwr.“..N (0 4% T“nU.NTTIp.._ _- Im;"r
i < C lyh=13k~ e ~J Uy b < 2" " eud 1 ~ -d e [N Lo I J
— o El Ll in T I T it L~ gy T uly Wrtub= =l o
o Swwluly L oed O 1 k= e T TN kel Wg
LT R g Wl S o o
o . n d. . ‘ ! = - i "1l
; ' . " i ’ R 1 PP S Vot B [LEPIRN B . ' . e P
= e IR E ' i A M el e ol
& . nj 1t A I ey e B RFLAT L L] 2
5! PE  pesm pum e e ey Gy ey e Y Y Y M e e — — —
lt - : .




. T prErre— e T " .4 v i . ; BT e _“‘_,v_/ LRSS ¥ peEiTE
r‘-f oo i ST i SO S TR i e L T e — .- — % o e =
& e - COMPANY : CALMAC COLLECTOR: SUNMAT
éf, Box 185 Black Canyon Stage DSET NO. : 184718 AVG FLOW RATE: N / A.
= Phoenix, Arizona 85020 REPORT NO.: 77S1111A AVG AMBIENT TEMP: N / A.
i DATE: 037197718 AVG INSOLATION: N /7 A.
4 . COLLECTOR AREA: N / A.
TEST METHOD: DSET 75-SE2.7 (ASHRAE 93-77)
1.00 = « © Field Data
[ special Test Data
-—  Analysis
{ 0.80 Ly £ : i
t - !
0.690

02

0.40

LIND 1 N | AN UUS

’;w

bt '

¥ , 0.00 0.0
s

0.10 0. 1S 0.20 . 0.25

PARAMETER (TI-TAY / QI

Figure 1.

-

0.30

salag o ad B alaad oy bt BLs o L L Jh bl i e M R e I L R S

-



: : : e el =D g (L e s
DESERT SUNSHINE EXPOSURE TESTS, INC. company:  CALMAC COLLECTOR:  SUNMAT L
Box 185 Black Canyon Stage REFERENCE: - 8S08 C(MCCRACKEND COVER: PLASTIC, SINGLE
Phoenix, Arxizona 85G20 DSET NO.: {8471S AVG FLOW RATE: N / A. : i
' REPORT NO.: 77S1i{11iA AVG AMBIENT TEMP: N / A.
: DATE: 03/18/78 : AVG INSOLATION: N 7 A. L
Y COLLECTOR AREA: N /7 A. t
| -
Y TEST METHOD: DSET 7S5-SE2.7 C(ASHRAE 93-77) . B
o 1.00 . ; @ Final Test
& ' B Initial Test E"
i - Analysis &:—
() |
# 0.80 15 ) % L
;| . o ;
1 22 r
K| ul #
.| 2 0.60 e i
1B L
Rt ‘
[ fooul +
10 i
Bl s
Lo o4 L
B = :
B & -
Bt & -
g1 2 r
By :
by 0.20 L F
~, | :
& 0.00 ] ] . 1 [ ; | |
f‘.':_.’ 2.00 0.0S .10 0.1S 0.20 0.2S 0.30 0.3¢ =
Bl > PARAMETER <(TI-TAY / QI é
o z
‘:’73 FAguro 2t - L semmmm
i Sy /;-“-"'.”_'._ ;

- - - s X a Ll d ki dbas A AAECibGcds s S
K iy RN J A ¥ /. ST s s s i e L YR s B e i e L i sl e, sl A o




D. SPECIAL TEST

The four instantaneous efficiency values obtained at an inlet fluid
parameter of approximately 0.015 is presented in Table 4 and on Figure 1
(these data are designated by squares).
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DISCUSSION OF RESULTS

30—1]__3.2 Stagnation and ASHRAE 93-77 Retest

A

Thé visual changes that occurred in the collector during stagnation were

substantial. Moisture entered the collector during stagnation.  Severe out-

S R

géss:!.ng occurred and accumulated predominantly on the inner surface of the

transparent cover. BAs shown in Figure 2, the thermal performance was not

[

il ot e

seriously affected as a result of these observed changes. This is attributed

VA

to the general nature of the collector -- since plastic/plastic thermal bond
result in lower FR values than would be experienced by metal/metal (thermally) -
bonded plates. Thus, this type of collector is judged to be less sensitive
. te ﬁese types'of changes than might be expected. No predicticns of dur-
abil:i.ty can be made .for stagnation periods of greater than that emplcoyed in

:Ehis test.

Speclal Test

7 The lower efficiency values obtained when the glazing was removed (Table - N
4) -- compared to the efficiency of the glazed {covered) collector, is ex~

. égéted for collectors having characteristically low FR values (heat removal
efficiency factor). The greater energy incident on the plate resulting fram
éénoval of the glazing was covershadowed by increased thermal lesses (other-

wise contained by the glazing) due to higher plate tempera.tures that result

from a low Fy value.

The Sunmat liquid collector was tested in accordance with ASHRAE 93-77

_ and the subsequent 30-day stagnation and ASHRAE Standard 93-77 retest were
k . performed in conjunction with both the HUD requirements for the Hot Water
Init:.ative and applicable sections of the January 1, 1975 Interim Perfor- |
;ifance Criteria. ASHRAE 93-77 is the generally accepted, industry-wise stan-

dard for testing the thexmal performance of solar collectors. . | ‘
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Desert Sunshine Exposure Tests, Inc. 18 April 1978 .
Box 185, Black Canyon Stage (*Revision date)
Phoenix, Arizona 85020

Attention: Mr. Bill Putman Invoice/Lab No. 221-0051

Re: Evaluation of Field-Assembled
Sunmat Liguid Flat Plate Collector

In accordance with your request, we have evaluated the submitted
Sunmat liguid f£lat plate collector. This evaluation was completed

at E.T.L., Inc. by the undersigned on 2-21-78.

*The collector plate was disassembled and the individual components
of the apparatus were examined and compared with the Inter’m Perfor-
mance Criteria, the construction drawings and Installation, Opera-
tion and Service Manual. The enclosed list enumerates each of the

construction drawings and the discrepancy found.

*Conclusion: There was no divergence from the Interim Performance

Criteria, the construction drawings, or service manual that would
appreciably effect the installation, coperation, or efficiency cof

the device.

If any questions should arise concerning this cvaluation, please

AL

. Danielski, P.FE.

contact us at your convenience.

Respectfully submitted,
ENGINEERS TESTING LABORATORIES, INC.

“James E. Weaver, E.I.T. Reviewed by

/

A Trey

copies to: Addressee {1)
Calmac Mfg. Corp./John Armstrong (1)

Enclosure
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Desert Sunshine Exposure

Tests, Inc.

Evalnation of Field-Assembled Sunmat
Liquid rlat Plate Collector

Invoice/Lab No. 221-0051
Page-2

The following list enumerates each of the construction drawings

and the deviation found.

are required by service manual for the field-assembled model

and are noted as such.

Drawing No.
A-5126

A-S109-A
A-S5115
A~-5114
A-5106

A-5119
A-130P-B
A-S111
A-S117
A-S113-A
A-5118
A-5108

B-ST277-D

P e L e = I w] L R ——————— e~ e

T I

Some of the variations listed helow

Discrepancy

The collector panel was mounted on
a 4' ¥ 8' X 1" thick plywood base
for stability. The glazing panel
was glued around it's perimeterx,
and the top and bottom trim strips
were eliminated as shown in the
service manual for field assembled
collectors.

Constructed as shown.
Constructed as shown.
Constructed as shown.
This item not included on field
assembled collectors.
Constructed as shown.
Constructed as shown.
Constructed as shown.
Constructed as shown.
Constructed as shown.
Constrxucted as shown.

The drawing indicates an 8", %"
dia. copper tube with 1/8" dia.
holes in the condenser dryer.
The bill of materials specifies
a 6" copper tube and the dryer
sample had a 2" copper tube.

Both header pipes were 45" in
length with 30 take offs spaced
over 39 1/16". The drawing in-
dicates the hecader pipes to be
44" in length with 30 take offs
on 1 5/16" centers for 38 1/1i6".
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Desert Sunshine Exposure Tests, Inc.

Evaluation of Field-Assembled Sunmat 5 18
Ligquid Flat Plate Collector GIIAL ?AG1 iy
Invoice/Lab No. 221-0051 : ORY E,QUAJ
.~ P00
Page-3 oFr
Drawing No. ’ Discrepancy §
- B-s5127 This item not included with submitted
) panel. -
C-1562-C Constructed as shown.
) C-5125-B Constructed as shown except as previ-

ously noted.
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SECTION 2

\!‘ r5 e | IR R
VERIFICATION REPORT
TC

- NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MARSHALL SPACE FLIGHT CENTER
FOR
THE SUNMAT LIQUID FLAT PLATE COLLECTOR

CALMAC Mfg. Corp.
150 S. Van Brunt St.
Englewood, NJ 07631

28

S



T IS
ORIGINAL PAGE
OF POOR QUALITY

VERIFICATION SUMMARY

The report includes an item-by-item breakdown of the applicable
 IPC, together with the appropriate verification based on analysis,
sunﬂanty, inspection or testing, The IPC, prepared in 1975 by
the National Bureau of Standards, is crta'ne::"és,lly considered to be
among the first set of nationally recognized standards and codes

for solar heating and cooling.
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1.2.4 Criterion QOperational Impairment. The funcriomal capabilicy of the DHW system/
ouboystem shall not be impaired te a greater extent than conventional
evotena when ayatem repairs or modifications are belng made.

Fvaluation Engineering veview of specifications and drawings.

Commentary This criterion is intended to ensure that the shutdown for repair or
modificatlon of sclar poawered portiona (e.g., the collectar subsyatem)
of the DHVW system/subsyscem will not impair the function of the DHW
system/subsyotem for perlods of time longer than these expected for
conventisnel hot water equipment.

The duplihétion of components guch as heat exchangers, controls and
pursps 15 dependent upon the degree of integration of the auxiliary
energy subsystem and the availebilicy of replacement parts.

i. The collector is designed for use in systems having conventicnal systems
for backup. In the cveat of shutdown for repair the backup system will

take over. Nothing in the SUNMAT subsvtem influ i
ing ! yten ences the operatic
Lackuy system. ' peraticn of the

[ » s PR

2. .:ew:sral featurf:s of the SUNMAT des®gn facilitate repair and minimize
d.:swn time, The zipper lock on the plastic frame allows easy access to the
E._:ﬂsorber for repary.  Lecks in the tubing can be repaired on site with

the vse of splicer tubes,

1.3 Requirement Collecror perfernance. The solar ¢ellector shall absorb and convert
incident solar energy into useful thermal energy. The collector shall
be capable of dissipating thermal energy, where this functien is
included in the design.

1.3,1 Criterion Collector efficiency. The collector subsvstem (including reflectors
witere applicable} shall be capable of abserbing and cenverting
incident solar energy inte useful ctharmal energy at its designed
efficienry undar operating conditions. For applications employing
necfurnal radiastion, the collector shall dissipate thermal eunergy
at the design rate under design operating conditions.

Evaluailon Enginecring evaluacion of drawings, analycical calculstions and/or
test data.

An analytical model, when used, shall include radiant, convective
. and cenductive heat transfer, where appropriace.

The design collector thermal eff{iciency mavy be experimencally veri-
fled ncilizing a full-scale test panel or a model test panel of
sufficient size to have equivalent full-scale thermal chavacceriscics,

It 48 intended that testing be pevformed only 1if perfovmance data
for the particular collector or one with similar materisls and/ar
configuration is not available. Becsuae of the influence of solar
radiazion charactertistics, climacic conditiona and system opesaring
requirerents on performance, expeorimental svaluations shall include
heat transfer medis flow rates and cempevatures consistent wich the
geographic reglon and system conditions.

Commentary Some axamples of analytical methods and data presentation are shown
in the references [1] [22] [13} [14] £315] [xe) [24] [25] [26] (27}
[36] [37]. Deacriptions of collectar test technigues and represen-
cative teat dara are presented in references [13] [28] {29) {30] [31]
to illustrate methodologins considered to be state-of-the-art, The
uae of material, fluid and inaolation property data available in the
open literature is encouraged,

See results of collector efficiency testing,
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quirement Thermal storage performance. When included in the design, the storage

. subsystem shall be capable of providing its rated output under design
loads. . -

. 1.4 Re

-

Al ¥

;:
Storape capacity and rate. The storage subsystem shall provide
sufficient heat transfer rates and thermal energy capacity to absorb
and store energy at the maximum design collection rate and, when fully

charged, supply energy for its design time perfiod with no solar energy
or auxiliary energy input.

e

Evaluation Engineering review ogﬁs;éwings, calculations snd/or test data.

A thermal analysis of the storage subsystem shall be performed to
deternine the thermal energy storage capacity, heat losses, energy
addition rate and energy extraction rate under operating conditions.
For desipgns where adequate calculations are not possible thesz para-
meters shall be experimentally determined utilizing a full-scale
test specimen or a model test specimen of sufficient size to have
equivalent full-scale thermal characteristics.

Cormentary Descriptions of storage techniques and representative test data
N are presented in referemces [121[13]1[24]116]{32]1{33][34] to illustrate
. methodologies considered to be state-of-the-art. The thermal capacity
is 2 function of system dynmamic characteristics and may be sized to
include factors such as insolation level, collector area, thermal
loads, energy loss, remperature gradients, material thermophysical
properties and auxiliary energy type and amount.

The collector is designed for use in systems both with and
without storage svstems., Collector efficiency data should be used
to determine. the optimum size of the thermal Storage system.

+

System design conditions. The systems for heating'(Hf'and combined
heating and cooling (HC) and the domestic hot water (DHW) system/
subsystem shall be capable of Ffunctioning at their designed flow rates,
prassures and temperatures,

2.1 Reguirement

Pumpé, fans, or other components shall be sized

2.1.1 Criterion Eguipment capabilities.
to move the heat transfqr fluid through the collector, piping and/or

duces at design flow ratés.,

Review of drawings, specifications, historical performance, previcus
test data, and design calculations. Systems or applications that do
not lend themselves to engineering anazlysis may reguire prototype tests
to demonstrate compliance.

Evaluation

In order to transfer heat through the system/subsystem, 2 number of
different transfer approaches such as gravity circulation, combined
forced and gravity circulation, or forced eirculation may be used.

Commentary

< — — edme et e . e e —— —— o . —_ © m—— - i e e —emaa

1. The maximum operating temperature and pressure of the collector is 210°F
and 20 PSI. Maximum allowable tube temperature is 350°F and the burst.: pressure
is 80 PSI, so ample safety margins are allowed between design and maximum

allowable,

2, The pressure drop through a 50-foot mat at 110°F is 9 PSI, which is well
below the maximum design operating pressure of 20 PSI.

5. The minimum flow rate required to force fluid through the furthermost tubes
of the mat is 2 GPM.
31
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2.1.2 Criterion Nnise or erosion-corresion. The piping or ducts and associared fittings
shalt be sized to carry the heat transfer fluid at design flow rates
wirhour excessive noise, as defined by HUD{1l], or erosion-corrosion.

Evaluation Review of drawings, specifications, historical performance, previnus
test data and design calculations.

Commentary In order to prevent whistling noise in piping and cavitation noise

. .in Firtings and valves, it is recognized practice to linit vefcoinles
of transfer fluids to Bfps[2]. Lower velociries may be regui-¢d denending
on the limit set by the pipe manufacturer to prevent deterio-atienm
of their piping materials due to erosfon-corrosion. Ir is commeen
practice to limit f£low velocities in small diameter copper tubing to
4fps when water having a pH value lower than 6.9 or softened uater is
used. A velocity of 4fps is commonly used as the upper limir for hot water
piping with wotking temperatures above 150°F for copper tubing[2]. Seme |
equipmant designs may require higher flow velocities in order o ' H
inhibit scale formation. In air duets, the velocities normally should K

_not exceed recognized values, e.g., the values listed on U.L. iabels.

The velocity of fluid through the header is the limiting factor for

this criterion as the cross-section area of the header is smaller than the
total cross-section area of the 30 SUNMAT tubes_{Header: (3/8)° x 3.14=

.442 in?; tubing: (3/32)2 x 3.14 x 30 = .828 éan. The velocity of 4fps
sets a flowrate maximum gf about 5 gpm: (3/8)° x 3.14 x 4fps x 12"/ft =

21,2 in 3/sec = .0123 ft°/sec = .77 pounds/sec = .0924 gal/sec = 5.5 gpm.
For a 50-foot mat this translates into a difference in temperature between
the inlet and outlet of the collector of 19°F for fairly extreme conditions:

[T v ]

200 £t2 x 300 BTUH x 80% eff :
S GPM x 60 min/hour X 8.33 #/gal = 19,2° o :

AR L 1t AT S A NG WTr s AT

oy

£

2.1.3 Criterion (Qperating conditions. Collectors, space heaters, water heaters, pumps, b

F; valves, reguliting orifices, pressure regulators and similar components :
_ E? shall be capable af being:aperated over the pressure and temperature |
14 ranges anticipated in actual service without breakage, rupture, %
‘N;@E“ binding, galling, or significant loss in pressure that could Impair 5

thelr intended function. -

Ry

Evaluation Review of drawings, specifications, historical performance, previous P
test data and design calculations. Systems or components that do K
‘not lend themselves to engineering analysis shall he tested at the -
maximum and minimum service temperatures with anticipated f£luid prec- : '
sures. To show compliance with this criterion it is desirable that the i
design consist of components that are covered by recognized standards, i

, where available, and are specified by the manufacturer to be suitable
- for the pressure, temperature, and flow application.

.
CY

See testing for Criterion 2.3.1 and 5.2.4 plus testing for this
specific Criterion,
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CALMAC

TEST RECORD

Contract #NAS8-32253 ORIGINAL PAGE 18

OF POOR QUALITY
Project: Collector QUALITY

1, Item Being Tested: Ability of collector to operate over anticipated range of
temperature and pressure. 2.1.3

2. Test Objectives: To verify that collecthior can be operated over the pressure and
termperature ranges anticipated in actual service without breakage, rupture,

binding, galling, or significant loss in pressure that could impair i its
functioning,

3. Location of test facilities and scheduled test dates: 1 i

CAIMAC Factory, simulatneously with efficiency testing, flewin 5§ - AquI 1S
4, Prerequisites for Passing or Failing:

During and after operktion at different tempematures and preésures within the normal
operating range, the collector shzll not show any signs of system failure.

%
g
g
{

5. Test Procedures: This test will be run simulatneously with the efficiency testing.
The collector will be operated at a wide range xm of temperatures and pressures,
up to 2000F at LO psi, and observed for any indication of failure of any part of
the system.

QU

6. Test Results: The collector was opersited at normal onerating temperatures and
. pressures during the period of July and August. During this period the collector
was allowed on accssion to stagnate, which brought the temperatures up to
20007 and azbove (see test results of test of fail-safe system)., No damage was
observed at absorber temperatures of 2)09F.

o
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2.1.4 Criterion Fluid Flow in collectors. When an array of collectors is comnected
by manifolds, provision shall be incorporated in the manifolds and/or
collectors to maintain the design flow rate of the heat transfer flyid
through each collector.’

Evaluation Review of drawings, specifications, histerical performance, previous
tzst data, ?nd design calculations or testing to determine that éach
collector will receive its design flow rate. '

'Commentary Because of friction in the manifold, flow rates may be 1nadequate
through collectors remote from the pump or other fluid supply source.
This can result in inefficient collector operatlon. The provision of
flow regulating valves is one means of correcting for this problem.
Another method is the use of reversed supply and return headers for
parallel arrays of collectors with graduated header sizes as the flow

rate in the header changes. Useful design information is given in v
reference [5].

One cullector can be connected to the supply/return plumbing system through
the header manifold system of one other coliéctor. This limitation is
outlined in the collector manual.

This configuration is subject to the 5 GPM maximum flow rate ceiling set
to avoid noise and erosion-corrosion problems. See Criterion 2.1.2, This
means that using this configuration the maximum flow rate through each
collector is 2.5 GPM, .

2.1.5 Criterion Entrapped air, When liquid heat transfer fluids are used, the system
shall provide suitable means for alr removal.

Evaluarion Review of drawings and specifications.

.Commentary Trapped air in a piping system can impede the flow of liguids through
piping, decrease pumping efficiency and ocherwise reduce system
efficiency. Possible lcing up of exposed fEitzings is an important
conaideration.

An air vent should be installed in the at the iylet'header of the collectog.

Because of the small inside diameter of the tub%ng in the collector trappe

ait is readily swept away by circulation of flul@ throug@ the system.lAi a

result it is possible to install the col}ector Wth the inlet and outle

headers located at the lower end of the installation. :

The ease of having air swept out of the tubing has been proven %n applica- )
tions using the ICEMAT, which has a similar size and configuration to the
SUNMAT. We have been able to sweep air out of ICEMATs 200-feet long on .
slopes used for refrigerated toboggan slides.

34
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2.1.6 Criterion '

Thermal expansion of fluida. Adequate provisions for the thermal
expansion af heat transfer flulde that would oceur over the service

temperature range ahall be incorporated into the system designs,

Evaluation Review of drawings, specificarions and design calculacions.

Commentary Water expands about 4% in volume when heated from 40°F ta 200°F.

Ocher
heat transfer fluids may have different cocefficients of volume exp

ansion,
Means should be provided in the system design to contain this additional

fluld volume without exceeding the operating pressure of the syscem or
resulting in spillage. )

An expansion tank is required in the collector loop. See manual.

. 2.1.7 Criterion Pressure drops. Pressure drops shall not exceed the limits specified
i iwn the design.

Evaluation Review of calculatlons, and detailed plan and elevarion drawing layouts.

Commentary Since the energy requirements of pumps and fans are a funcrion of the
. system flow resistance, pressure drops should be kept as low as
possible, commensurate with good desimgn. The unnecessary use of fit-
tings such as bends, tees, globe valves, reducers, or obstructions
to flow should be avoided by careful arrangement of piping rums.
Accepted practices for plumbing design are discussed in stgndard
plumbing guides[6] [7].

See graph showing pressure drop vs. collector length vs. fluid type and
temperature,
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Contract #NAS8-32253
Project; Caﬂghétii
1. Item Being Tested: SQNMHTtﬂéﬁmiﬁmLMQ&%%k,
207

2, Test Objectives:

3. Location of test facilities and scheduled test dates:
CAL MAC [ouy, Mawin [ 30

4, Prerequisites for Passing or Failing:
'FzﬁtlgyVﬂncma eS’t&L\ iSZEL pe i; ATt é&e e lﬁ»hog>'&t¢azﬁ5L- tau-bgiziﬁa
ArEET e witld Lol T apedy T prapan pomp & Ik wnd - B &
Al g, T T Gl R argintinn cfromelio. ~ Mo ae we Simdacls
't,éa P

\ 2. Test Procedures:

S:t;;~ﬁ4uﬂk PA«1L&J&\QA éﬁq NPAGAAAAAﬂﬂ PA&A&ALd.LL&uﬁ u\;béi; vimm4ph£tﬁ:

6, Test Results:
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X}
k-
i
15
5
I
T4
4
i
115 36
'..;EL o e = { N L 1




p— ] Lg

w.‘ [y ! lscce e s Sy e w|
: PN 0SS PER FOOT O L OLLECTOR +
- —— — V- o s 3 o = = : - + AR
| TR WD T e PR e o = e == Vm-.l.tm WAL " RS E D A
ﬂu wu,z‘irxda:““ﬂutt!nm S T il @U d S N DIEEELS ) I
4 QO +— T {
i -
E & 4 -
A | = - : ‘
) S.F 4 S
- ShE= _ a T
! . =5 IS ) EUSa e (Rl Sl TR (e deme) S m) IR G S
. vA - et , . B M ——— - - — - \r .
: e hJOu Y DG (R oo o |y e | e | e T R DL N e m -
1 B e o 0 e B L T Do T 9
3 1 W)o = - z
: _m o Bt e e R e R Hia — = — ——— ——t e <
£ 1 =N SRS EEE S EEEEE SRS EEEEE NS B E RS R :
3 1 T B 1 { ! ¥
_v., ﬂm Uw-l + P.w M/LL MZIH*M HFH 4~_ da_ 1 - - |8 T Y ﬂua.% f “ L
; .m e e e e TN / r T e | e ; == iy e
3 D RSN EEEEAAEEERAVE RS SRR EENE N A ERESE DN NN IS0 NN NN
..m .Lh EERERET Gl X EEL S SERERE N E e REE D B I 1 L R DR |IEEE EEEE!
i =W Y \ X
e e e
t e Pl N @ X (T 1 TN B I RS ENEE R S 3
- IRBEREELV I [0 . L 0 00 Y P 9 P11l Dm@mal | O3 2 D 0 T 5 O R
Sl A N N T , RSN EEREESEERE R
ol TN .6 A . e e O B B S T s
] i2 - N ! — N e - 1 — — ¢ — R S — —_— -
. 8 S l./li?.l ||l_ R, T N 8 o e } 1A | S |
U P e e e T ettt e S e
§o o | N LN LE N by B D D S b el el el )
B¢ |5 PV ION R 5 IR I N Jetnisisduslepalsinlalaisl=lnlsiclate o] sjalabla) e [alnta =R s)
o8 TR u,‘r TR ST o& o AR UETEL . T T =0 6 G
, O e O e T o ek Bk oG i ae i e
Y e e
3 T3 NE, AN T T11 11
: ! //, N\ WNY \ aﬁ } Lh i 1 -
) 5% R (2L Y hoaos
Ol ! /..W s S ) R i
B \ 1 | ST | 1 3 I |
. Ppe - /.n)/,.ﬁ A//JL.._W// ] TIT ! AH«.L_“ d+4_”L_
S I P e P | N et GEEee T Y Enes e Eamesaces pinsz s :
4 i o NN AN 2l AN L1 T H
y: ! B Mk WY 2\ N 1 HREREE §o
E: | _ﬂ Smn wam SNE AN S m.
P N - /NMV/M N N 1
st b gt 300 i ! L H 1 i °
3 _ N ¥ I...r,._uu INEENET T 1 X8 B HENREDRERE nm .
4 i Spe 0 ] [EEREEEE T p o Vol eGSR
,. | ,../: ‘ - N i} $
5 1 .
3
B | X O m S - .
m “ x> nv.../ﬂﬂa.cfi S
| ———— Ty e e e
=1 wimmes e H
=
} Gy ] T e IR T R
ST e
: TN S B (S il
Bl =
- | = ow.d.,#,“ -
m, | s a SAal
) RS S e —
1 m D /.i.;#wdi, 1 T e BN
e S B S s e e
Bl i e
: f S - -
Qo

w_ : ALIIVAD ¥00d Jd0
3 A AHVA TVNIOINO

v T I

e [T T T T e p———

B =
——
.A-—-«l'



NN
| _ _
). ORIGINAL PAGE It
OF POOR QUALITY

0
1 /..1.1 // . N . H % . /0/ .
Y N NI B - NSt Sy m
N BRAN hY N Y . Ry i
! e\, N AL N — . 4
“ N ..//l AN TN S |
unaE o : = e i
i . — — T 1 i
mE A R I WA A NN SENERE i

)

il
VAV

— Dl ] T T N U VOSSP SU N —

A S

DD 0/ P

OLINTL DR
|
!

s

//
I
b ]
p
!
:
I
|
t
L'rs; UNDER 120

A

[]
1
j:
Ll
I
B
A
T
L
i i
I
il
! |
MM
H
?d
AC
|

| SN PR — I:I..r.l “-
_— ! | { NN _ ANV B Iy
—— N 0 - y o
m : P LSRN N =
v -——— - . . - - - Y { ¢
M £ A LY -, p.... R ~ :
X, X ; / h /_ ~1 " H ;
. i ; |V B A AN W —— LN ; ™~ v
; o2 RN NI LRI NN IR E N EEY.N A EEEE |-
v, m_.ﬂ w 1 b / [k N “/,_/Jv J 1 .,‘WI_ H\d_duu . N
w tm H : \ o / / — | 2 .
: o [ i ! N AN AR ! M DN | .
s v §4 ] I I . NS A U VO R A N _ A ] 3
, ; “ IR I HE IR ST //i./ﬂrl.qw 1 R RN N 4
, ] i : ! . W S - P ———m }
| : PN \ N L b
_ PRI 447 17 O W ST i O LM N 1T sy bt BN RT g ;
L L 17 T 1 1% | } /._wj/m}/ IR EERRERN !
T e e P LU R 0 7 V- Nl it menieibitesettiet S |
M R I L NI AN AT OA WA (Il : !
DRI R RN ; R RN N AN N ! O ;
! L 1T T R [N L N N : ;
i AN ld HEREER RN AN E IR TN 1 ! RN :
— - TN SN e — /s
N —— - .. .- /.V\ . .ﬂl.) -~ .- .f/ _— — - - I.lﬂﬁd .M
(i [ i . L e i .\ oo m
. N O O D Py LI T T T 5 O O VA A T Q }
‘- T3 [N} T 11 Tt 1T .v././._:.//:.//://:__ 1T ~ |
IR IS SR IO I - N RN A . i
. - T Tt T e e N e rl/ﬂu!/ﬂjﬂ‘ill! w
S —— S —— — - HIE R
p— - II/A 3 /1 . Al i
ﬂ TN VI ITR.Y g
i RN L N O R VA A I R -
: T i1 ﬁ%//:__x_ TN TN oo
= _ o |
. : N\ N \ Ny
P IE T IR N0 O A I A I O A L TR O I T Y TS IO L i t
1 %_amw 02 A T 0 A A IHEREENAUREERENLYNERERNEE < :
el A an e e = i e e 7 S i e t/./ /mil.. e 0 llnm? }
1 ; ; T L A RN |
L ] | __ T RN Crro YN :
m T * T T 1 7 A WREN X L..rﬂ i
; —l e |
z 5\ e ™ b
{3 _ X S
) o JN Ty NS L i : 1, : % i ! 1
: o 1 ! s i
= X - 1003 !
w | - ! AY ~ £
i | o ﬂ e . 1./ ., ;
I b3
4 e N— T
.M“: s LT i | 3 ] - T -~ Q
Y H RS R = .
I N . 1 - 0 T hd | FH*
Y T y .Ll« t
¢ —— : ] , - 0
| _WW | ¥ ,_ﬂ R -
- 1 I 3
1 ! O d
1) .
ot N )
ole o4 - )
! . {
Y i ] it
; I R il:
.- uu.,m .\U’< _“_
1 | IS *,.
. i
L




L L T T O B T A .

2.2 Requiremant Mechanical stresses. Mechanical stresses that arise within the
N system shall not cause damage or malfunction of the system or ies
components. Pl

»
4
3

st i

g

2.2.1 Criterion Vibration stress levels. Vibrations in plping, ducts, instrumentation ‘%
1ines, and control Jevices shall be controlled to reduce stress levels L

below those that could cause [atigue and subsequent component damage. i é

Evaluation Review of drawings, specifications, historical performance, and e @
previous test data for adequate piping and equipment supports. i %

B

4

Commentary Examplea of possible vibration sources in piping are as follows; '.%
a. Lengths of piping and connecting cquipment that are resonaat * ; ﬂ

with pressure pulsation frequency. i ~§

b. Vibration resulting from motors, pumps, fans, and compressors . 3

which are not properly mounted. . o

c. Water hammer and quick closing valves. Do A

d. Expanaion and contraction of piping on hangers. i
e. Wind pulsations on curtain lengths and diameters of piping
supported by loose huugers or supports. L A

-
e 1t o e e

o L3 s &. H
Conventional safeguards in the design and installtion of the system must be s
followed. N

—
Dom s
KRR JED N

z

N

2,2.2 Criterion Vibration f;opvmovlpggnarts. Pumps, fans and compressors or similar
equipment shall be balanced and/or mounted in 3 manner that will

4
avoid vibration that could cause damage or exces.ive noise p s
by HUD[1]. as defined , ;

W

I S T T PURP I Y

L

Evaluation Review of Jdrawings and specifications. Frotatype Lnspection and test-
ing if deemed necessary. The equipment supporting structure shall nou
have natural frequencies within + 20 percent ui the operating speeds.
The equipment wher mounted and placed in operation should not excued - !
a self-excited vii.racion velocity of 0.10 inches per second when
owasured with a vibration meter on the bearing caps of the machine !
tn the vertical, horizontal, and axtul Jirections or measured at the
equipment mounting feet 1f the bearing caps ape cuncealed(d), ' K

The collector contains no moving parts and is not susceptiple to the 4:
type of vibration described. .

e

38
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" 2.2.4 Criterton 3 vidﬁbmVrgiietﬂgforeétidﬁQ'”Cldsed;storﬁge ;}nkéﬁand'plpxn; located at-

- elevations above the system served shall be suitably proteccsd against
tollapse by pressure {f subjected to o vacuurm. Such components shall
designed to withstand such pressures or have vacuum relig} protu:tfgn.b'
" “Evaluation ' Review of drawings and spect fications,

Commentary = Poseible collapse of large diameter tanks and piping by atmospheric

pressure is an important design consideraction|ll].

The SUNMAT EPDM tubing, the copper U-bends and the copper headers are all of
) _  small diametér and can easily withstand a vacuum. Collectors have been sub-
. jected to vacuums of 10 PSI with no visible change in the tubing or the
e "~ coppel components.,

2.2.%° Criterion Thermal clianges. The system componuents and aswemblies shall be
destgned to allow for the thermal contraction and expunwion that
would ogcur over the service temperature range.

AR AT Sy e S

Evalustion Review of drawings, specifications and calcuiltlons.

Commentary Piping and other components may expericnce changes in dimensions as
a result of temperature changes. Such changes can result In excessive
stresses within the plping, piping supports, structure, pumps, com-

P
l..';i -Are v

pressors, and solar collectors Lf means are not lacorporsted fo the
piping system design to allow for the thermal movement. W
Ha
: égg
Ve

o g

Stresses within the collector resulting from thermal expansion and con-
traction are accemodated by the high degree of flexibility of the
materials used in the collector. The EPDM absorber tubing stretches

and flexes adequately to absorb stress in the absorber system, The
polyshim glacing seal absorbs stress between the glazing and the

frame, The use of elongated holes in the mounting frame allows for
differential expansion between the collector and the supporting structure.

it o g it R A S L AP L T

5 i » riug heat traoster fluids shall be
3 : Fleaxihle juints. All syatems empluviag . raf : . -
2;;-6 Criverion destghed to ﬁ:-capdblu of accommodaring flexing ot plumbing and fitctngs.

Evaluation Review ot druwings aad specitications.

,quings'whgre_the-inlet and outlet headers pass through the collector wall
and join the supply and return plumbing are sealed with flexible materials
to absorb flexing from expanaion and contraction and from mechanical

(MRB?IAU&L PAGE
IS
OF POOR QuALITY
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2.3 BRaquitement Leakage prevention. System assemblies concaining heat cransfer fluids
shall not lesk to an extent greater than that specified in the desimn
vhen operated ar the design conditions.

2.3.1 Criterion Pressure test: nonpotsble fluids. Those porticns of the H, HC and DiW
Systems which contain heat transfer €luids (other than air) and are
not directly connected to the potable water supply shall not leak
when prassures of not less than 1-1/2 times their working prassure
ars isposed for a minimum of 15 minuces. .

Evalustion Review of wpecificationa and testing, The tesc pressure shall be
applied for a period of time necessary to inspect sach joint for
feakage. The pressure gage would be observed for this period to
determine chat a pressute Jdrop has not occurred.

Commentary Various building codes differ with regard to pressure tests. One
plusbing code requires hydrostatic testing at the working pressure
for water supply plping{1l2}. Another code requires hydrostatic -
testing at the working pressure or an air pressure test of not less
than 50 psi for not less than 15 minutes[13]. A third ceode requires
a hydrostatic test of not less than 25 psi above the working pressure
{164]. However, plumbing codes do not glve guidance concerning solar
systems which can contain liquids other than water. In these cases,
hydrostatic testing of the svstem at 1-1/2 times the maximum Ls
considered to be appropeiate(lS]. "Dead-Weight" testers are frequently
used to calibrate pressure gages{l6},

The maximum recommended operatin i
er g pressure is 20 PSI, See attached
results for operation at elevated temperature and pressure, cest
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: ble ol
1lsctor subsysium shall be capa .
“l;dczitud as required by the design to captury
functional requirameuts.

2,4 Raquirement Collector adjustments.

being located, oricq:qd.
sufficisnt solar ensrgy to meat

*

e

ISR BN AT

RS R T T N RO T S e A BT AN, TS
i, Wf YRl A ' g "‘A_‘ 2 e e R e o s S e L

le of main-
Critecion Orientation and eilt. The collector mount shall be capab
34.1 Cricest taining the Jdesign tilt amt oriencation.

Review of drawings and specificacrions.

Conme 00 djustoent or be
3 fixed, requirg seasonal a
neary ‘:m'u.“m“l.‘.ml ::;l;:r b:)etaih:! intormation concerning ori.unutlm; erion
contta:uu: ¢ ::-n 1n'A5HRA£l17l. It is not the intent of thi:niztil
::2:‘:u: czlfunto: necessarily be reoriented ov tilced after

inscallation. -

Evaluation

The collectors must be mounted on some underlying surface--a roof or plywoed

frame, for example. They are not self-supporting to the extent that a
2x4 or pipe frame alone could be used to support them.

- -

2.6.4 Criterion Freszing protection. Heat transfer liquids shall be prevented from
reezing at the lovest ambient temperatures that will be encountered
in actual use vhere such freezing would impair the function of the
. systam,

Evaluation Review of dravings and specifications.

Cowmentary The purpose of this criterion is to insure that rupture or other
damage to solar collectors and associated piping and equipment will :
not occur from expansion of water Lf it freezes. The intent of this 2

critarion is not to restrict the designer to the use of antifreeze
sotutions, .

Y

- -
i

.
fid

G

The use of giycol antifreezes will not damage the collecto

i
EPDM hose is commonly used in automtive radiator systems, T in any way,

!

-
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ive pressure and temperature protection. The piping system und

associsted equipmant shall ds protected againdt rupture or lnqk.;c
from axcesaive prassures and temperatures.

2.8 Raquiremant

‘ . i : ' i ion of a particular
: 14ef valves and vents. As requived for protect 8 pa
2.3.1 Critecion iylt:u design, combination temperature and pressure relief valves,
separate pressure relisf valves, pressure reducing valves, and/or

atmospharic vents shall be providad. s

Evaluation BRueview of drawings and specificacions.

Commentary This criterion is fntendued to prevent safety hazards resulting from
' inadequate pressure and temperaturs protection.

A relief system opening at 210°F o . .
' h T 20 PSI is requ
system, and is called for in the Installation M;!‘}u::?d in the

3.1 Requirement Structural design basis. The structural design of the heating (H),

‘ combined heating and cooling (HC) and domestic hot water (DHW) systems
including connections and supporting structura) elements shall be in
accordance with nationally recognized codes and standards and shall be
based on loads anticipated during the service life of the systems.

3.1.3 Criterion Applicable standards. The structural design and construction of H, HC
and DIl systems including connections and structural supports thereof
shall comply with the following provisions:

Conventional elements* shall comply with the provisions of the HUD
Minimum Property Standards (MPS){1} for sinple family and multifamily
housing or ANSI Al19.1(4], in the case of mobile homes, and such addi-
tional criteria as specified in this chapter. Non-conventional )
elementsd* ghail comply with all the criteria stipulated in this chapter,

Evaluation Review of drawings, specifications and siructural calculations.

Commentary 1In addition to complving with the design and construction provisions of
the MPS or ANSI Al19.1 (for mobile homes), conventional elements and
connections are required to comply with Criteria 3.1.2 (Service loads),
3.2.2 (lee lrads), 34.2.3 (Vehicular loads). 3.5.1 fDesign provisions -
cutting of structural elements), 3.7.1 (Hatl size and loading), and

. 3.9.1 (Design provisions - ponding conditions).

See 3.1,
3 l 2' 3.2.1. 3.2'2. 3.2'41 3.3.1. 3'401’ 3.7.l’ and 3 9 1
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vvice loada. The Eollwl'ng 1oais shall be used im this structursl
asign of conventional and non-conventional elemants and connections

mn
of W, HC and DIV systemsi

‘4. Daad loads (D) shall be the "Hesign Dead Loads” stipulated in
Section 601=3 of the MPS.

2, Live loads (L) shall be all appiicable ‘Design Live Loads' stipu-

lated in Section 601-4 and "Snow Loads" stipulated in Section 601-3
of the WPS. _

3. Hind loads (W) shall be "wind Loads' stipulated in Section 601-6 of

the MPS. In all cases consideration of local wind conditions shall
b sssured by compliance uith Section 6.3.3 of ANSI AS8.112).

4. Earthquake loads (E) shall be those stipulated in Section 601-9
of the MPS vhich teferences the provisions of the Uniform Building

Code (UBC) (3. For non=convent jonal system components and con-
pections, the value of *Cp" used in the UBC shall be taken as 2.0.

2

=

P

A

1, Dead load equa‘lskth -
square foot, D = 2.5 p;p-'-l"tﬂ's own weight, which is about 2.5 pounds/

2. L = 20 PSF per section 601-5 of the MPS,

3. N .
= 1.25 x 15 PSF = 19 PSF per Section 601-6 of the MPS
=] x1x25 Za=1

5
= S= 1, where C, = 2
Wp= 2.5 (Weight per squre foot)

4. E=2x1Ix
xlxgpxs x ¥, I = Importance factor = 1
0

—

‘This eriterion sis
1 14.ah .
the collector* Simply established service lo
criterion. r's ability to meet these loads :: ::32::;481; galyslj;_s of
€ other




3. Conatraint loads caused by the enviroament, normal funceloning of
the systam and time~dependent changes within the materials of the
system shall be taken as the most severe likely v be encountered
during the service life.

6. Constraint loads induced by differenti.. foundation settlement shal!?

ngqﬁ be taken 4s those corresponding to & difterential foundation settls
1}. \}‘f{ ment of the nopnitude stated under Criterion 3.8,1.
WP GoP
€§§§3 Cﬁf& 7. lce loads (1) shall be taken ag those produced hy the accumulation
. qf? of ice on surfuces exposed to the natural environment., The thich-
\ ness of ice shall be dertermined in accordance with Criterion 3,2.2.

8. Huil loads (H) shall be taken as those produced by the impact of
hail on surfaces expesed to the natural environment. Hail particle
size and kinetic energy at impact shall be determined in accordance
with Criterion 3,7.).

8§, Vehicular loads on below grade installations shall be determined in
accordance with Criterion 3.2.3,

Evalustion For experimental or analytical evaluation of structural response, the
salaction of system components shall be done in a manner representing
the least margin of safety to the system but consistent with its inter-
action with structursl systems $o which they are stntached. Test lousds
applisd to the system components shall result in the most critical
conditions encountered in service., Additional eccentricities of load-
ing caused by drifc due to lateral loads and anticipated differential
foundation settlements shall be provided for in tests of supporeing
structural elements of the system. The effects of service history
caused by fatigue, sustsined load, temperature, moisture, ultraviolet
light or other environmental factors, shall be provided for in tests.

Commantary ‘the intent of the criterion is to state the reguivred reliabilicy of
performance and, therpfore, the specified losds should have a defined

probabilicy of occurrence.

The sasumption is made {vith the exception of wind and snow loads, which
sre based on statistical analysis) that the MPS "design loads” are
loads anticipated during the service life of the system,

The minimum uniformly distribured live load on relatively flar hori-
zontal and fnclined surfaces of the svstem is taken in accordance

with roof loads prescribed by MPS, Snow load is based on ANSI A58.1
end i8 treated as live load in lieu of the MPS voof load 1 1t produces
8 more severe lowding condition. This §s conaistent with MPS which

uses ANSI ASH.l by reference.

Earthquake loads are determined by the appliceble provisiona of the
Uniform Building Code. It is recognized cthat for cases involving'
new materisl applicetions it wmay be difficuls ta sclect the appro-
priate Cp factor. The prescribed Cp value intended for use with non=
conventional elements and connections is consistent with the valuxs
specified in UBC for connections of exterior panels.

changes are expected to exert i i 1w
factors a5 dee e o oyoert oads approaching the loads i mposed by such

5. Neither the environment, normal functioning of the system or time-dependent

6, See 3.8.1.
7. See 3.2.2.
8. See 3,7.1.

9. Vehicular loads d , .
below grade. © not apply as the collectors will not be installed

[
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3.2 Requirsseat

3.2.1 Criterion

EZvaluation
Commantary

Failure loads and load capacity. 7The structural slesmants and connections
of the H, HC and DHW systems shall not fsil under ultimate loads ex-
pected during the sezvice life of the system.

Ultimate load combinations. Non-conventional elements and connactions
shall comply with this criterion. (Conventional elements and connections
ara desmed to satisfy chis criterion.)

Scructural .co'upomntl. connections and supporting elewenta shall be
designed for the following ultimats load cosbinations:

(1) 1.4D+1.7L

(2) 0.9D+1.7W
(3) 0.9D+1.45E

4) L1D+1IL+LT7W
€5) 1.1D+1.3L+1.45L2

vheve the sultipliers are load factors and tha letters are the ssrvice
loads defined in Cricerion 13.1.2.

Reviev of structural calculations, specifications and dravings.

The intent of the criterion (along with Criterion 3.2.4) is to provide
a minisun level of safaty against loading situations which have a
suitably lowv probability of occurrence during the setvice life. The
load factors reprasent presenc~day design practice for building structures
snd are similar to the load factors used in ACI 318[5]. These factors
wvill produce ultimate loads comparable to those prasently used in the
design of stesl structures., Adoption of similar levels of performance
requirements for the H, HC and DHW systems will also parmit the designer
to axplore the potential use of system components as structural elessnts
for purposes of providing enclosure or diaphragm rigidicty co the sup-
porting structure in addition to their primary heating and/or cooling

* funceion,
(1) 1.4 x 2.5 + 1,7 x 20 =« 37.5
(2) .9x25+1.7x19 = 34.6
(3) 9x2.5+1,5x5.0= 9,5
(4) 1.1 x 2.5+ 1.3x20+ 1.7 x 19 = 61.9
(5) 1.1 X 205 + 1.3 X 20 + 1.5 X §= 36.0
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3.2.2 Criterion

Evaluation

Commantary

(1) 1.4D-+ 1, 7L = 1
(2) 1.1D + 1,3L + 1. 7w

42 PSF is less than the 75 PSF load tested in Criterion 3,

lce Loads.

(a) Above-ground installations of conventional clements for which ultimate

design provisions apply, and of all non-comventional slements, in-
cluding connections and structural supports thereof, shall camply
with Criterion 3.2.1 for load combinations (1) and (&) in which live
load (L) shall be taken as that produced by the accumulacion of ice
on all surfaces expoaed to the natural environment.

(b) Above-ground installations of conventional elements for which working
- stress design provisions apply, including connections and structural
supports thereof, shall comply with Cricerion 3.2.2(a) with the
following wodification: load factors in load cosbinacions (1) and
{4) of Criterion 3.2.1 shall be taken as 1,0. '

The radial thickness of ice around the circumference of exposed wires,
pipes, snd structural members shall be based on the snnual frequency of
occurrence of glaze shown in Figure 3.2.2 (see reference [6]) and shall
be computed as follows:

Mean annval number under 1 1-4 4-8 over B

of days with glaze

Thickness of fce 0 1/2 /4 1.0
{inches)

Review of structural calculations.

The intent of this criterion is to account for the effect of ice loads
primarily on vires, pipes and other similar components which are
exposed to the natural environment, in recognition of the fact that
ice storms have been particularly detrimental to such components

in the past,

The map of Figure 3.2.2 with documented information of the accumulation
of ice recorded for major ice storms [6) and ice loads considered in
the design of steel tranamission pole structures [7] have been utilized
to relate thickness of ice to freguency of occurrence of such storws.
This sssumption is made in view of a lack of statiscical data on
sccumalation of ice and should vesult in a generally conservative
practice even though it is recognized that thickness of ice cannot be
solely cxpressed in terms of rate of occurrence.

1/12 equals 5.2 pounds, L= 5,2 : » which weighs 62,4 pounds, so

4 x2,5+ 1,7 x5,2= 12,3
= 1.1 x 2.5+ 1,3x5.2+ 1.7 x 19 = 42

3. 1.

ORIGINAL PAGE IS
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3.2.4 Criterion

Evaluation

Commantary

See 3,2.1

Load Capacity. Non-conventional slemants and conasctions shall comply
wich this cricerion. (Conventional elemants are desmad to satisfy this
criterion.) -

Tha load capacicy, R, of the systeas or a portion thereof shall ex-
ceed the required ultimate load, U, in Criterion 3.2.1 and shall
bas darived from ths mean load capacity .l==

_Il < l-l-ﬂ c,
vhere:

§ = variabilicy factor which shall be such that approximately 952
ef tha system or portions thereof excesd R0 in resistauce.
For normal distribution of resistance, § = ) = 1.E5v,

v » coefficient of variation of resistance with respect to R,-

¢ = cosfficient for ductility = (u + 7)/12, buxt not more than
1.0 for loadings not including sarthquake, and equal to 1.0
for loadings including earthquake.

u = ductility factor for loading condi:icn U, as defined under
Evaluation below.

Whers adequate existing cest data on the various material properties
comprising the system are available, evaluation will be performed using
enginasring anslysis. Where sdequate test data is unavailable, systea
slements and subassemblies will ba evalusted in the laboratory using
simulated static load levels consistent with the specifiaed load combi-
astions.

The ductility factor will ba evaluated as follows: For an idaal alasto-
plastic (elastic-parfectly plastic) resistance function (plot of
applisd load as ordiriste and deflection as abscissa), tha ductility
factor is defined as the vatio of ultimace deflection to yield deflection
{uwdy/ ). Por an actual (nonlinear) function, the ductility

factor shall ba computed from sn “effective” function (Fig. 3.2.4). The
effactive function consists of 2 straight lines. The first line 1s
dravn through che origin and s point on tha acrual function at which the
resistance ia 60 percent of its maximum load value (Py,). Ths second
1ina is a horizontal line anding ac the ultimate deflection (d,), which
shall not exceed that whera the resistance function falls below 95
percent of ics maximum load value. The horizontal line is located so
that the sres under the 2-linas forming che affective function is squal
to the arsa under the actual function up to the point of ultimate de-
flaction. Effective ylald deflection (d ye) shall be taken as the
deflacticn ac the point of interseccion o( cthe 2 ltnu. which Lo at &
resistance level termed "effective yiald rasistance.'" The duc:iltcy
factor is based on the affective resistance function: | = dy/dyg.

" The intent of this criterion (along with Criterten 3.2.1) 4s to provide

s aininum lavel of safaty against losding situations which hava a

suitably low probability of occurrance during asrvice life.
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3.3 Requiremsnt Damage control. The structural alements and connections of M, HC and
DHW systems shall be designed to withstand survice losds without damage
of unacceptable magnitude.

3.3.1 Criterion Resistancce to damuge., Non-conventional elements and connections shall
comply vith this criterion., (Conventional alements and connections are

deemed to satisfy this cviterion.):

Under the effect of deflections caused by loading cumbinations of (1),
(2) and (4) of Criterion 3.2.1, with load factors of 1.0, in addition
to the anticipated creep defleccions, the system 45 & vhole or any
comporiant, connection or support thereof, shall not suffer permanent
damage which would require replacement or vepalr, .or which would impair
its intended function during its service life.

Evaluation Evalustion of documented data for design, tests, and inscallacion.
Evalustion and/or testing of components . and elements where deemed
essencisl. Duturmination of compliance with generally accepted
standards and enginaering and trade practices, vhere applicable.

The criterion is deemed satisfied if 1t can be demonstrated chat
deflections caused by the specified load combinations can be accom -
modated by suitable details or adequate flaxibilicy.

Commentsry The intent of this criterion is to provide for the proper functioning
of tha system under service loading conditions without breakdown or
pernmanent impairment bsvond lavels comparsble to conventional hescing
and cooling systems. ’

(1) D+ 1L = 2,520 =225

() D+W = 2.5+19=21.8

(4) De L+W= 2,54+ 204+ 19 = 41,5

9" of sand weighing 100 pounds per cubi foot led b |
7 : per cubic foot was loaded ont rizont:

collector supported off the ground on 2x4s, After removi:;t:h: l;::;z,:ﬁzal

collector was inspected for dama; )
» e . .
The effective load on the colleacgora::sngggpg;f noted. See test results.
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 Coneract "inxse-'szzss -

Part T 1.)
o 2e)

3.

6. Test Results:

" . 1
'._ 2’)

< e Test (bjectives. o

S. Test .Procedures:

i OO Ite: Being Tested. :

TEST RECORD -
_ Entire collector B o |
B = R (partial) B ORIG%%LQ%m

‘I’o verify ruggedness and durability of the collector. SRR

'3.' Location of test facilities and scheduled test dates. "
B CAI.MAC Mfg. Corp. . May. 1-15- g s
A Prerequisites for Passing or l-‘a:l.lmg' T |
- Part 1. Collector should withstand 41 5 psf Pressure, s e

Build frame around collector, extending 8" ahove collector

Build a 5" layer of sand(densxtywlua lbs /ft } and 1et s:.t .
“over night, .

Remove sand and check for any change in coueetor.

“Collector was ‘loaded gradually up to 9" of sand(75lbs./ft?)
-After removing sand only a slight wave was noticed in couector '

surface,

- A1l sides walls and adhered areas were checked \nth no

signe of damage.
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3.4 Requiremsnt Cyeclic loads. 7The structural elements and connections of H, HC and
DHW eystexs shall not fail under tha applicacion of cyclic loads
- axpected during the ssrvice lifa. S : :

3.4.1 Criterion Deflection limitations. Non-conventional elements and connections shall )
' comply with this cfiterton. (Conventional elements and connections are
~ deemad to satisfy this criterion.)

Structural componeuts, connections and supporting qlements shall be
capable of resisting the following repeated loads without failure and
without a4 residuval deflection in eéxcess of 25 percent of the maximum
deflection measured Ln the [irst cycle of load application:

(1) 100 cycles from 1.0 D to 1.0 D + 0.5 L -
{2) 1000 cycles from 1.0 D to L.OD+ 0.5 W

’
T E o

Evaluation Physical simulation and testing or snalysis based on available test %
d.tlc ) - ‘\‘E‘?";
The cyclitic loading (1) and (2). shall be assumed to be applied after %ﬁ
reducing system slack by the prior applicstion of one preloading cycle ré;
of the following lcads: ' ' {»;

for (1) from (1) to (1D + 1) B

2y

for (2) frem (1D) to (1D +.1W) g

| =

Cyclic loading shall commence anly after deflectian recovery frowm the f, i
preloading cycle is subetantially complete. The residual deflection ke
shall be taken as the difference between the deflection measured 24 ?a;?

hours after removal of the superimposed cyclic load and the residual
deflaection, if any, not recovered from the preléading cycle.

Commantary  Even though the sefvice load history cannot be simulated the imposition

- of the stipulated cyclic loads is intended as a conservative representa-

tion of service conditions. The résidual deflection limitation assures
preservation of structural integrity under cyclic loading. '

+.5x2
+ .'5 X 1

2.5
2.0

5L = 2.5
= 2.5 =

0= 1
9 =1
A force of 12,5 PSF was exerted pulling against the i

: : Lee 9 POF wa xerted pulling aga: _ glazing of a test
collector for a thousand cycles and no damage or measur
flection was noted. See test results. s seutebie resihul do-

This test was performed twice, once using a collector hou i
: ) i1ce, once using a tor without a trim stri

with the glazing cemented to the insulation board wall, and the other tiuiz

;ﬁ;tghiamconector with a trim strip with the glazing held in place with
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3.7.1 Criterion Hail size and loading. System componancs and supporting structural
alemants that will be oxposed to the natural environment in service
shall be designed to resist, without excassive damage or major impair-
went of the functioning of the system, the perpendicular impact of falling
hail having a particle diamater (in inches) equal to 0.3d vwhave d is the
mean annual number of days with hail determined on the basis of the hail

nap |haun.1n Figure 3.7.1 [6].

Evaluation Evaluation will be based on analysis using known structural information
on the physical chacracteristics of the system components or on physicsl
sisulation and testing using thie NBAS hoil resistance test described in
i the NBS Building Science Series 23{9]. 1n tha sbaence of physical tent
¢ data, the portion of the kinetic energy dissipated by system components
' shall be taken as 50 percent of the kinetic energy at impact corresponding
to the resultant velocity specificd in Table 3.7.1 (reproduced from wef.
: {10]) for the predetermined hail size,

In cases where protective measures arc provided to prevent impact of -
hail on system components, such as the use of screens or deflectors,
* these protective measures shall he included in the test specimens.,

W&m&n—.a_rmmwﬁwwm - -

R T

. Comsiantary It is not the intent of this criterion te prevent punching or local
cracking of nonstructural elements such as glass cover plactas of
collector panuls under hail impact, but rather to control damage by
keeping it st a level which would not create s major curtailment in tha
functioning of the system, premature failure or hazards created by
axcessive shattering of glazed eloments,

The correlation of hai) size with mcan annual number of days with hail
is based on studios on the prodability of exceedance of & given particle
size as a function of frequency of occurrence of hall, a twenty year
recurvence interval reflecting the life expectancy of the system and
obaervations of statistical data |11] indicating that a representative
hailstorm area is generally one order of magnitude smaller than the
regions for which stacistical information is compiled.

;he worly3 Condition in the U,S, is 6-8 days/year (mean = 7 days).

; X .3 = 2.1 Frog Table 3.7.1 the kinetic energy at impact for a
1/4" ice sphere is 50,96 foot/pounds. 50% of that is 25,5, Data

from Kalwall shows it takes 25 to 32 foot-pounds to shatte; éhe

glazing. Fiberglass reinforced polyester i T e
3 s
to this type of stress. poly extremely resistnat
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S settlements, the constraint conditions should be those consistent

—————— v L Vb P Ve bk et e

3.8 Requirement Constraint loads. The structural elements and connections of H, HC and
DHW systems shall comply with Criterion 3.2.1 while simultaneously
7 subjected to ccastraint loads expected during the service life.

3.8.1 Criterion Foundation settlement; contraction and expansion. Non-conventional
elements and connections shall comply with this criterion. (Conventional
elements and connections are deemed to satisfy this criterion.)

System components, connections and supporting elements shall comply
with Criterion 3.2.1 while simultaneously subjected to the following
constraint conditions:

1. A differential foundation settlement of 2 inches in any horizontal
distance of 50 feet except that in cases where the foundation at N
a particular site is specifically designed to control differential

with the specified design. Uplift forces caused by a swelling of
d expansive soils shall be calculated assuming a level of 0.9D for -
\ gravicy loads.

2., Constraint loads arising from thermal expansion and contraction of
system components and structural elements or from time-dependent
changes within the material.

4 Evaluacion Analysis and/or physical simulation.

Commentary Soil-structure interaction is usually a design function since con-

: straint loads are dependent on the characteristics of the soil eas

J well as the effects of structural framing. Due to economic considera-
tions in foundation design, the assumption is usually made that the
superstructure is capable of accommodating a reasonable amount of
differential settlement. The requirement in part (1) is consistent
with observed performance of conventionally designed foundations and
represents the threshold at which structural damage occurs. This
criterion is relaxed when special precautions are used in foundation

"design to control differential secttlemencs.

The requirements in part (2) of the criterion account for other types
of constraint loads such as those introduced by thermal expansion

and contraction of system components or creep and shrinkage in support-
ing structural elements.

Stress created by foundation settl
of the collector to fiex to s smal
and frame pieces can all withstand

ement will be absorbed by the ability
1 de.egree. The absorber tubing, insulation
slight bending and flexing,

Stress created by differential e i

: ] Xpansion between the collector and its
supporting st?uctural elements can be absorbed partly by the ability to
flex as described above, and also by proper mounting procedures.,

B Y
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1 surfaces of the H, HC und DHW sysiems

. onding condition.. Horizonta

3.9 Requizenant zhall be designed in & manner that will assurs stability in service
under ponding ceousitions.

gn p 1 surfaces exposed to the exterior env. .-
9. . Deai rovisions. Horizonta
3:9.1 Crirerion ment shall be deaigned to have either sufficient stiffness to prevent

failure as a result of ponding caused by the accusulation of water or

e AT

shall be provided with sufficient slope to permit free drajnage or %:
adequate individusl drains to prevent the accumulation of water. A
¥
Evaluation  Analysis based on documented strenpth and stiffness properties or f%
physical simulation and testing. B
N Commentary Ponding is defined os the retention of water due to the deflection of rf
horizontal surfaces. The lack of sufficient vertical stiffness causcs i
the surface to continuously deflect and accumulate additional water :"
. until cellapse occurs. ‘E}

The collector-has a de'sign minimum slope requirement of 2 in 12, This
allows water to run off the glazing, A test was performed to insure
. that at a 2 in 12 slope water would run off, See test results,
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TEST RECORD
Contract #NAS8-32253

Project: C—'-LU—'\

1. Item Being Tested: % avd M mu,wl‘wi&m '&Qm’ tand_
Apoin ki, 2.9,

2. Test Objectives:

Teo vady T ok o 260 12 sbepe il wlt pn i G o,

3. Location of test facilities and scl eduled test dates:

CALM A C foilrmy, Mach 1€~ Apd (& <t At ;/:f;,";'?‘)

4. Prerequisites for Passing or Failii: ‘

\GE 18
IGINAL PAGE 0
%% POOR QUALITY

5. Test Procedures:
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6. Test Results:
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4.1 Requirement Plumbing and electrical installstion. The design and installation of

the systems for heating (M), combined heating and cooling (HC) snd the
domestic hot water (DHW) system/subsystem and their components shall be
in accordance with nationslly recognized plumbing and electrical codes .
snd scandards for health and safety, where applicabls. Ty

4.1.1 Cricerion Plusbing codes and standards. Plusbing materials and equipment and
their installation shall be in accordance with Sections 515 and 61%
of the MPS (4900.1 and 4910.1)[1) and Part C of ARSI A119,.1{2], whare
applicabls, R

Evaluation Revisv of dravings and specifications. Tasting to show compliance,
' whars necesssry. :

Commentary Suitable standards are available for convencional squipment, Unique
; innovative installations may require special consideration.

All plumbing comections are standard. A review of the National Standard
Plubing Code did not indicate any areas where the collector would '
not ‘in compliance,

4.2 BRequirement Tafl-safe controls. The H, HC and DHW systewms shall be fail-safe in
the evént of damage to system componsnts or a power failure.

¥ p . hall be designed so
.2.1 Criterion System failure prevention. The control subsystem s
4.2 that in the event of a powsr failure, ot a failure of any of the com-

ponents in the subsystem, the temperatures and/or pressures developed .
in the H, HC and DIW systems wi)l not be damaging to any of the com- Ji
ponenrs of the systems, and the building, or present & dn-qfr toe the
occupants. The safety devices shall meet the requirements of Section

515<6.4 of the MPS (4900.1 and 4910.1){1). .

Evaluation Review of drawings, specific:tions and design calculations.

Perforn test of fail-safe centrol installation for all probable
failure events.

Commentar; sssive pressurss and temperatures that can build up in collac-
g :::.'::a:: "nopflow" condittonopa:c an important consideration.
Consideration should be given to the thermal shock which could oeeur
when cool hest transfer fluids are introduced into collectors which
have besn expossd to sclar radiation under “no flow" conditicne.

. Faii-safe systems are called for and descri
‘ ster scribed i
) Manual but are not a part of the collector itsel
were run using the recommended fail-safe devices

n the Installation
f..Fail-safb tests
« See test results,
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CALMAC

TEST RECORD

Contract #NAS8-32253

. Project: _QM
1, Itea Being Tested: -1—, _m_g_‘ e Vv (VN ('i'.z.l)

2. Test Objectives: To verify that in the event of a power failurs, or failure of
any other components of the yystem, no damagewill result to the othsr components
of the system or to the building and its occupants.

3. Location of test facilit’ »s and scheduled test dates:
CAIMAC factory, [Moach 1€ - Apanl (S

4, Prerequisites for Passing or Failing: TIf the temperature/pressure relief valve
opens at the prescribed temperature/pressurs, the fail safe system will have
passed, The test will be repeated seversl times for various combinations of
temperature or pressure,

' : 2/0

5\. fest Procedures: The temperature/pressure relief valve will be set at 288CF and
40 psi, Water pressure will be allowed to increase up to 4O psi and beyond until
the valve opens-the point at which it opens will be noted, and the test repeated
several times to determine the variance., The seme procedure will be repeated with
by increasing the water temperaturs up to 2250F and beyond until the valve opensee
the point at which it opens will be noted, and the test repeated séveral t imes
to determine the variance,

6. Test Results:

The collector was allowed to Stagnat.e for 1 hour (pump off) on a sunny day

(insolation 250-270 BTU/hr/ft<). The pump was then turmed on with valve closed

at pump outlet and valve slowly opened. Collector outlet thermocouple tempera
" tures adjoining releif valve were observed. Relief valve opened at 2100F,

This was repeated for a total of three tests. 2Zressure relief valve was also

tested by adjusting the pressure regulating valve up through 4O PSI from a

lower pressure, Relief valve opened at 4O PSI on three separate tests.
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4.2.2 Criterion Automatic pressure

automatic pressure reiief valves shall be
. provided in th
::t:::tzzczgz;:::zls::: :ub-zlton ::ntnintn; prannurl:cdag:u:;::.
, ef valvaes shgll be sat to o les
than 25 percent in excess of worki 8% 1ot move tha
ng presaure .and
taximum presautre for wvhich the subsysten is dtstgn:;.nog more than

relisf valves. Adequately sized and respensive

Ev
aluation ::::::;?I.::n::t:::.::c::ftgatizza. and/or determination that ssthods,
e used are approved b {
and evalustion agency as being luitlblcp;or the :r:p::::.:::.d concing

See 4.2.1 and accompanying test results.

4,3 Bequirement [Fire safety. The design and inscellation of the H, HC and DHW cystems
and their components shall provide & minimum lavel of firs safety

consistant wizh applicable codes and standards.

LA

Applicable fire standards. Assemblies and the matarials usad in the
H, HC and DHW aystems shall comply with nationally recognized codes and

standards for fire safety, where applicable.

Evaluation Review of drawings and specifications for conformance with the MPS,
ANSI A119.1, and applicable sections of NFPA 89M{4}, NFPA 90A and
90B[5}, NFPA 211{6], NFPA S4[7), NFPA 31[8), ASTM E 108(9) and the
Mational fleccric Code [10]. Testing to show compliance, when nec-
essary. Potential heat, rate of heat release, ease of ignitiom, and
smoke generation will be considered in assessing potential fire

hazards.

4,3.1 Critsrion

it is the intent of this criterfon to (1) prevent the use of materfials,
equipment and fluids which present a fire hazard significantly grecater
than that of conventional systems,(2) to provide proper clearsnces and
venting of heat bujild-up for thosc system components that operate

at elevated temperatures, and (3) to give considerarion to the com-
bustibility of materials adjacent to high temperature components in
deternining the clearances that arec required.

Commentary

A review of the specifications fi
. Lew . for the materi in t
indicates compliance with applicable fir: ::::;:r::?d i the collector

ﬁh-w’#:a‘;.uhm;-m
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4.3.2 Criterton

Evalustion

Conmancary

::::;r:::u:: :::::t:n::u-;:::: a:;::hun. Penetrations through Cire
fire resistance beson tﬁe i rS, 8, atc. shall not reduce the

i _ evals specified in §
HPg (4900, and 4910.1){1], whers :pplic::ii? Saction 403 of the

Review of dravings N
vhers n.g....ry.l and specifications. Testing to show compliance,

It is the intent of this crit.
tion (1) to prevent th
::::::!:G.::nl:tl thtough fire-rated assemblics fron.a:::::::yot
hat ﬁro:-r :‘c;::q:::u::ncn r:ttng of the aszembly, and (i) to ensure
- ¢ employed {1 onpo
80 that adequate protection can zc ﬁr:v:::;fr“ctié' Fhese ¢ nenee

Nothing in the design of the system for mounting the collector affects
the fire resistance of penetrations through the roof structure.

6,4 Requirement

4.6.1 Criterion

Evsluation

Comeentary

Use of a catch basin to hel
the temperature/pressure Ie

Toxic and flammable | da, Heat transfer fluids which require soecial
handling because of toxicity and/or flamaabllity shall not be used
unless the systems in which they are used are designed to avoid exposing
the occupsnta of duellings to unreasonable hazards. )

Provision of catch basins., Adequately sized and protected catch
basins shall be provided, when liguids reouiring special handling
ave used, to collect and store the overflow from pressure relief
valves, liquids drained from the systes when it is being serviced,
potential leakage, and accidental drainage.

Review of drawings and specifications.

The leakage of toxic fluids into the graund could contaminate che
ground water, .

-

luids that may vent from

d heat transfer £
1led for in the manual

1ief system is ca

for the collector.
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4.4.2 Criterion Detection of toxic and f

Detect _to lammable fluids. If
petec . he
d::::::o:pe?1;1 handling are used, means shall :: ;::3::85 for oy tha
of leaks and che warning of occupants when lea:l ::: mhe
Evaluation Review of dr -
awings and :
carning system(sgl specifications, Testing of detection and
Compentary It ig common
practice to relate t
e oxicity and flammabil: '
Eluia:v::‘:; :azard c¢reated at ambient temperatures ‘1;;itr::::f;e:°
‘ 0 not prea . 7 |
hatardonn on oy preaent a hazard at anm

bient )
tezperatures developed in the -;:::;fq!ut.' may be

The use of a catch basin (4.4.1) provides evidence of overflow from the
system. The use of a pressure gauge in the collector loop provides a means
o:_E identifying leaks in the system--if a leak develops pressure in the system
will (lirop. The use of a pressure gauge is called for in the collector
. manual .

-

\

4.6 Raquirsmant Protection of porable water and cifrculared air. No material, form of
construction, fixturm, appurtananca oF item of squipmsnt ahall bs
employed that will support ths growth of micro-crganisuma or introduce
toxic mubstraces, itpurities, bscceris or chemicals into potabls water

and air circulation syscems in quancities sufficismz ro causs diseass
or harmful physiological effects.

4,6.1 Cricerion

Cortamination by materials. Materisls which come in direct contact
with poteble water shall not affect the taste, odor ox physical quality
apd appearance of the water in an undesirsble manner.

Evalustion Review of plans and specificstions for compliance with the 1962
Edition of the Public Heslth Service Drinking Warer Standarde [11).

See the attached certification from the tubing supplier. This particular

formulation of tubing has been used in food-grade applications such as for
the spout in a ceffee vending machine, *

Early production items, including those manufactured for NASA, were not
made from tubing from this supplier and should not be used in potable

water systems. A notice to this effect has been included in the manuals
delivered with coellectors made from non-certified tubing.

ORIGINAL PAG i '1‘
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MANUFACTURERS OF
RUBBER, PLASTIC AND SILICONE EXTRUSIONS

RESEARCH e DEVELOPMENT e DESIGN
MOLDED RUBBER PRODUCTS

KR | G E
5’ N 2
Pﬁ%ﬁi PARCO-LINK® MATS AND MATTING

IUBBER CORPORATION ' ANEA COBE Bid BhEABs

187 MAPLE BOULEVARD, PAWLING, N. Y. 12564

December 6, 1977

CERTIFICATION

This is to certify that all of the ingredients used in EPDM
compound E-809 are within the limitations prescribed by the
Food and Dru§ Adﬁinistration as listed in the Federal Register
under paragraph 121.2562.

PAWLING RUBBER CORPORATiON

Allan G. Kjellman
Chief Chemist
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Subsidiary: THE PRESRAY CORP. - Maple Bivd., Pawling, N. Y. s« 3973 E. Bayshore Blvd,, Palo Alte, Cal. ‘
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4,6.3 Cricerion Backflow prevention. Backflew of nonpotsble heat transfer fluids

into the potable water systems shall be prevented. v P‘ilﬁxg
Evaluation Review of dravings and specifications. Iaspection of assembled OR‘GYSOR QU )]
systems. OF ?

Commantary Pollution of the potable water supply can occur by way of backflos
caused by back pressure and/or backsiphonage within a cross connio-
tion between the potable supply and nonpotable fluid in the systen.
The former type of backflow can occur, for exumpie, from elevated
tanks, or pumps, The latter can ocrcur when the potable water supply
system is under vacuum such as might occur with a broken stresat v atrcer
main,

e e

P b e 4 S S

[

—

- Piping arrangements, backflow prevention uevices, and/or air gaps
may be used to prevent contamination of the potable water system.

Ve i S Sl

FEaEs RS Rr ErLy

The use of check valves and double-walled heat exchangers is actively
being discussed by HUD and the solar industry, and this topic is not

| explicitly covered in the collector manual. Nothing in the collector :
: design affects the use of these items.

Ay Y

“

4.6.4 Criterion Growth of fungl. Components and maturials used ip the H, HC and DHW
systems shall not promote the prowth of fungi, mold or mildew, -

Evaluation When tested in accordance with Appendix D, Section E of the MI'S

(4900.1 and 4910,1)[1], there shouid be no evidence of the growth c¢f
fungi.

Commentary  Special consideration should be given to the presence of fungi in

air handling systems since such micro-organisms are frequently
allergenic. R

Fungi can feed on some orpanic materials and generally thrive {» warm,
moist environments. They can be killed by suffieiently low wavelength
ultraviolet radiativn but much of this radiation may be abscrbed by
the earth's atmosphere. It may be possible for fungi to grow on bath
the interior and exterior of collector components and possibly affect
the collector performance,

Material specifications for the fiberglass insul.agion, where fungi
would most likely grow, indicate resistance to this type of growth,
Operation of collectors prier to and during the contract shgwed no
evidence of growth of fungi either on the interior or exterior of

. the cellector components.
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3 4.7 DNequiremsnt Excessive surface tempe..fures. Tsmperatures of axtarior surfaces of i
:_1 che R, HC snd DHW systuiu ehall not creace a hazard,
H
k 4.7.1 Criterion Protection fron heated components. Subassemblies of the H, HC and DhHW
E systems that are accessible, located in areas normally subjected to
b public traffic and which are maintained at elevated temperatures
; shall either be insulated to maintain thcir surface temperatures ac
- or bslow 140 F at all times during their operation or suitably isolated.
Any other exposed areas that are maintained at hazsrdous temperatures
shall be identiffed with sppropriate warning signs. 1
Evaluation Review of drawings and specifications. ‘
a . :
P L et et fn s sbgected -
-razfic, and the glazing would onl roach 140°
unusual situstions. : y app 140 er 1
' 1
J .
' e
o
A ) . d .i ‘;
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g
+
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5.1 Requirement Effects of external environment, The systems for heating (H) and
combined heating and cooling (HC) and the domestic hot water (M)
system/subaystem and their various subassemblies shall not be affected
by exrernal environmental factors to an extent that will significantly
impair their function during their design life.

T T T

$.1,1 Criterion Solar degradation. Components or materials that are exposad to sun-
light shall not undergo changes in their properties during their design
life that would significantly impair the function of the system.

2 a. When components or materials are expesed to UV radiation in .
(3@,\F combination with an intermittent water spray at their maximum
?[\ \'\ “no-flow" temperature, there shall be no signs of excessive
§§hl) ‘)hAJ deterioration such as cracking, crazing, embrittlement, etching,
i&g loss of adhesion, changes in permeability, loss in flexural strength ;
?($~ or any other changes that would significantly affect the performance !

of the components in the system,

bt Ea Far

-

b. The collector shall be capable of providing its rated output after
exposure to levels and intensitfes of solar radiation and tempera-
tures that are equivalent to those that would be expected in
actual use over the life of the collector,

S ITT L T P

Evaluation Documentation of satisfactory long term performance under in-use
conditions or engineering analysis. Where adequate existing information

is unavailable, testing using either the methodology outlined in Section
03 of the Appendix given at the end of this chapter or other methods

which can be shown to meet the intent of the criterion will be used.

Commentary The transmittance, emittance and absorptance data required to estimate
the cffects of degradation by sclar radiation in reducing the collec-
tor efficiency are available for most materials currently being used

in collectors.

i

The maximum "no flow" temperature and other {n-use temperatures are
discussed in detail in Section J1 of the Appendix at the #nd of this
chapter.

-

Kalwall: See summary of testing done by Kalwall Corp.

EPDz\lgTuI?in.g: Samplgs were subjected to a four-month accelerated test
o’n DSET's i_EbNAQUA (Equatorial Mount with Mirrors for Acceleration Plus
hater? equipment and showed no signs of cracking, dimensional change
chalking or other deterioration. This test provided the equ;\'alentgd%

o T T A T DT ST T i Cr i ] TP T
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| about 3 1/3 years of normal exposure. On :
| X g ’ i} e € , m s . :
| glazing of KALWALL, i sample was under @ single {: i
o F.‘;\L;ZgRB:fThig rarticular material is 35% carbon black by weight, and ' i
15 made ot a base of urethane which has very esist: z {
ultraviolet ancd heat-aging. ¥ good resistance to ozone, ,
- Noryl: See manufacturer's data package. % '§
K, 3
Complete . i i : #

ASH%AE‘? gsfc?);%ecter. See DSET results of testing in accordance with =

g

L%

&

]

X
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5.1.3 Criterion

Evaluation

Commentary.

S N U S

B L T ST SR S B N A R T R U o e T S B

- a

Airborne pollutancs. Componants that are exposed to airborne p:t;:;t
tants such ss ozone, salt spray, 507, NOx, and/or HCl uichhorewfaccorn
tha presence of molsture shall ba resistsnt to attack by thes

tc the extant that these factors shall not significantly impair the
pecrformance of the components during thair design lifs,

.ory long term performance uader in-use
Doc:::::::i:: ::;:::::f::‘nuZLysig. Where adequate existing 1n£o§Tattz:
::“unavatlnbln. testing using either the methodology outlined t:hc;:t
05 of the Appendix given at the end of this chapter ot ngirbzeused.
which can be shown to meet the intent of the criterion w

; ; will be
A t levels in the area(s) where che syatem
:::::;I::u:h:;ilzz‘:-cd'co determine the pollu:an; 1¢v:§ny::2:1::§ for
. sponants are to bs used in areas where the 3 .
:;;:::2 :olfn;O::nall of these pollutants, tests that are not applic

able nead not ba conducted.

Ozone concantrations in normal dry air have been rn::rtc: 70 ;:::ch‘vc
tions of 100 pphm/vol
from 1=-5 pphm/volume. However, concentra o et
: during very smoggy conditicns. Ozons 1is
:::: :::::::dwnterttls bzt 4t has little effect on inorganic naterials

other than metals.

The effects of sclar radiacion in combination with airborns pollutant
aay also bs sn important consideration,

Kalwall glazing: See Manufacturer's data package,

EPDM Tubing: See data package on EPDM,

CAL-Zorb: See data package on Cal-Zorb and urethane,

Noryl: See manufacturer's data package.

Polyshim: See Manufacturer's data, This material

as it was engineered to be used, The other materi
non-conventional ways

3.1.4 Criterion

3,
N,
Yo

Evaluation

coninntnry

is being used exactly
als are being used in

pigt.gctcnggan Sn _cover plate surface., The collector cover plate
Surface ehall not collect snd retain dirt to an extent that would

:::ni!t:nnzly impair the function of the collector during ite design
.,

Engineering snalysia, documancacion of satisfactory long-term perfor-
mance under in-use conditions and review of plans and specifications.

The possible collection and ratention of dirc by the cover plate and
the «ffact of retained dirt on the collector performance may be
aignificant, The retention of dirc may depend on the tilt anple of
the collector. Rainfall und encw melt are generally sufficient to
kesp the collector cover plates clean,

The minimum recomended angle of installation is 2 in 12. This_angle
allows rainwater to run off and to keep the glazing clean. This re- |
quirement is spelled out in the collector manual.

TTTTT—— .. b i -
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5.1.5 Criterion Abrasive wear. The ability of the collector to function at its rated
capacity shall not be significantly impaired by the abrasive wear to
which its surface will be subjected over its design life,.

H

oA, e A

Evaluation Engineering analysis, documentation of satisfactory long-term
performance under in-uce conditions and review of surface hardness
specifications for cover plate materinls,

Commantary Test methods which are currently available for measuring abrasion
resistance are believed to be too stringent for testing organic
collector cover plates. Abrasive wear is expected to present a
possible problem in areas subject to wind driven sand.

Some surface erosion of the Kalwall polyester glazing is expected,
and resurfacing of the glazing every five to seven years is called
for in the manual, See Kalwall's data package. -

5.1.6 Criterion Fluttering by wind, Components that are subject to fluttering by
; wind shall not degrade under jn-use conditions to an extent that their
funcrion will be impaired during their design life.

N ) - ' - . . -
R R "y R TN VT
e E L R T Sk AL RN s £ omrns M TR i e g

Sy a o AL

Evalustion Documentation of satisfactory -long-term performance under in-use’
tonditions, engineering analysis, or testing using an experimental
verification procedure which can be shown ro meet the intent of
the criterion.

Comrentary Thin films that increase in brittleness at low tempéranurea may be
particularly susceptible to degradation by fluttering by wind,

-
=
Ly

——
B Ty I O T W

Kalwa11'§ resilience over a wide range of temperatures and over ]
long periods of time is documented in the Kalwall data package. !
I

The effect of fluttering on the bond between the Kalwall and the
cellector has been effectively tested in the testing of the

collector's structural strength, See test results for 3.3.1. gl
A 75—mph wind acress the face of the collector was also created 8

using a wind tunnel in the factery with no evidence of breakdown, )
See test results,

ORIGINAL PAGE I8 |
OF POUR QUALITY :
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CALMAC

TEST RECORD
Contract #NAS8-=32253 R -

- Project: | CG‘ML-E\

1. Item Being Tested: Ponmaliy woll end sLinprs N O T 5, p P By -
Shé

: “.“
hren L

3. Location of test facilities and scheduled test dates:

CALMAC bty Muuk 20-Aplt \€

4, Prerequisites for Passing or Failinj:
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\ 5. Test Procedures:
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6. Test Results: ,(:‘ L__‘—‘G%\‘TL;-J) -..Ctr_i--(,..:-dl oy i—-gx- ’ \L ..;\ .A.:,\\-\-?‘) . ) 'S W"J' oL, _‘l'\
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W el aiim & * (:) \J‘?:)"-s ‘L.u"L\;‘h <& &nT (S [ 3% 348 é;-d‘ L \--Llc‘.? " (("-s.- -\.Lt o b IL

R \'r‘-:‘)"\ i‘} ‘\-‘Jﬁ») Beroh ‘*-&’-;:3

68

Y ppry e - 2 Yy P iy g,

gt ¥ e wE e T R R AT S AT TR SRR A PR TERTIOIM ER S et L L et e



SR A S S N

5.2 Raguivement

-

.1 Criterion

Evsluation

Commentary

Temperatuxre snd pressure resistance. Components shall be capable of
performing their tntended function for their design life when exposed
to the temperatures and presures that can be developed in the systea,

Thermal degradstion. Components shall not thermally degrade to the
extent that their function will be reduced below acceptable levels
during their design 1ife when exposed to in~use temperatures,

Docunentation of satisfactory long term performance under insuse
conditiona or engineering analysis. Where adequat= existing information
is unavailable, tesring using either the methodology outlined in Sectfion
06 of the Appendix given at the end of this chapter or other methods
which can be shown to meer the intent of the criverion will be used.

Some organic components which may be used in the system may be
parcicularly susceptible to thermal degradation upder prolonged

exposure,

Kalwall glazing: See Kalwall data package.

EPDM: See descriptive data package on EPDM.Alse see test results

5.2.2 Criterion Dererioration of heat transfer fluids.

for Criterion 5.2.4.

Cal-Zorb: See data on Cal-Zorb. In addition, collectors using the

adhesive have been stagnated at absor
d ‘ sorber temperatu: : °
without deterioration. rperatures close to S00°F

Noryl: See descriptive data,
1300 Cement: See product specifications.

Fiberglass insulation: See manufacturer's specifications,

-

Except when such changes are

allowed by the design of the system, the heat transcfer fluid shall not
freeze, give rise to excessive precipitation, otherwise lose iis
homogeneity, boil, change pH or undergo large changes in viscosity
when exposed to ite intended survice temperature and pressure range,

Documentation of satisfactory long ters performance under in-use
conditions or engineering analysis. Where adequare existing information
;; unavailable, testing using either the methodology outlined in Section
o of che Appendix given at the end of thia chapter or other methods

ich can be shown to meet the intent of the criterion will be used,

Evaluation

Commentary Thermal cycling may cause metastable precipitation to occur, Systems

may be pressurized t¢ prevent boiling.

Maintenance of the heat transfer fluid is called for in the collector manual,

JRIGINAL PAGE 18
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5.4.1 Criterion

Evaluation

Conmencary

See 2.2.5,

$.2.4 Criterion leakage.

Evaluation

Caommentary

00 T O O

ORIGINAL PAGE I3
OF POUR QUALILY

Thermal cyelin The H, HC and DHW o

The yatems and their variocus
subassemblies shall be capable of withetanding the stresses induced

by thermal cycling for their respective design lives.

airessecsy.,

Documentation of sacisfactory leng term performance under in-use
conditions or engincering analysis. Whaere adequate existing information
is unavailable, tescing using either the methodology outlined tn Secrion
08 of the Appendix given at the end of chis chapter or other methods
which can be shown to meet the intent of the criterion will be uaed.

Phyeical restruints that will be imposed on the system in sctual use
shall be conaildered when testing is required.

This eriterion is !qtendgd to identify potential problems that may
occur as a resulr of differencial thermal movement, Thermal compati-
bility 1@ especially critical {n the case of collectors which may

contain large expanses of glizing Edge flaws in
i . glass may resulc
in cracking of the glass when it {8 under etress. ’

All asmemblies or subagsemblics which contain heat tranafer
fluids (other than air) whall not leak when tested at a pressure equal

to 150% of the working pressure of the system over the entire service
temperature range.

Documentation of satlefactory long term performance upder in-uae
conditions or engineering analysis, Where adequate exiscing information
13 unavailable, testing using ef{ther the mathodology outlined in Sectlion
09 of the Appendix given at the end of this chapter ov ocher methods
which can be shown to meet the tntent of the ¢riterion will be used.

This criterion is intended for materials which may creep or become
brittle at service temperatures.

See Test results for Criterion 2,3,1.

§.2.5 Criterion

Evaluation

Commsntary

Deterioration of paskets and scalants. Gaskets and sealants in
direét contact with heat transfer liquids shall be capable of
withstanding repeated cycles consisting of soaking and drying

under ln-use conditions without significantly impairing their
ability to function during chelr design life.

Documentation of satisfactory long term performance under in-use
conditions or engineering analveis. Where adequate existing informatten
is unavailable, testing using either the methodology outlined in Section
10 of the Appendix piven at the end of chis chapter or other methods
which can be shown to meet the intent of the criterion will be used.

Caskets, sealants,
exposed to liquids
te funccion.

and similar organic materials frequently swell when
and shrink upon drying, thus losing their ability

No gaskets or sealants other than cement at the cennection
between the headers/U-bends and the tubing are used. This cement is
an epoxy and does not absorb liquid or swell in use.
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) — ing of volatiles that i

ori ssion losses due to outgassing. Outgass .

5:2.6 Crirarion :I;;.gzdhéé collector performance below apec;fied design vai::s stn:ire. ﬁ

not occur vhen the collecrtor is exposed to the temperature pres §

that will occur in actual service. .%

&

‘ der in-use 5

tation of satisfactory long term performance un . e : ]

Evalustion 2:::::20:5 or engineering analysis. Where adequate existing info:ma:io: 4

" iy unavailable, testing using either the methodology outlined inhu:c o ¥

11 of the Appendix given at the end of this chzpter or other met ods 4

which can be shown to meet the intent of the criterion will be used. 3

2

Comme : - ~ 1d lead to conden- =

; Outgassing from components inside the collector cou 3

— altfcn onsthe underside of the collector cover plates vhich may reduce %

the transmissivity of the cover plates, ]

. d

1

The organic binder in the rigid board fiberglass will vaporize to a certain

k§ extent at temperatures the collector might reach during stagnation (250°F+).

Q'; This problem was experienced during testing. By outgasing the insulation .
in an oven at 350°F for an hour the organic material that outgases at these

i temperatures is driven off, Since initiating this practice no problem with

-ML outgassing has appeared.

L T
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5.3 Requirement Chemical compatibility of components., Materials used in the systems
and their varicus subassemblies shall have sufficient chemical
compatibility to prevent corrosive wear and deterioratiom that would

significantly shorten the intended service life of components under in-
use conditions,.

. et e PA e L s ke b

, 5.3.1 Crirerion Materials/transfer fluid compatibility. Materials designed to be uysed
in contact with heat transfer fluids shall not be corroded by these

fluids to the extent thar their function will be significantly

impaired under in-use conditions during their intended service lives. f.

N T T IR -IL I S

-,

| Evaluation

Jiinda i

bocurentation of satlsfactory long term performance under in-use 4
conditions or engineering analysis. Where adequate existing information '
is unaveilable, testing using either the methodology outlined in Section
; 12 of the Appendix given at the end of this chapter or other methods
] whieh ean be shown to meet rhe intent of the criverion will be used,

g Commentary Corresion by heat transfer fluids could be a serious problem in selar
1 i energy systems,

The only two compenents in econtact with qhe.heat transf?r fluid are

the copper headers/U-bends and the EPDM tubing. Copper 1s used_exten-
. sively in the collecter field and has been proven to he c?mpatlble
with water and glycel mixtures. The EPDM tubing is used in t@e
antomotive industry as radiator hose where glycol antifreeze is
cormonly used, and no chemical incompatibility has been noticed,

K
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Crici o ton of dissimilar materials, Non-isolaced dissimilar materials
3:3:2 Cricerion 51:;°:r without eortosiaaﬂieslstant finishes, where used either in
contact with a transfer fluid, or without such ceontacet, shall not be
corroded to the extent that thelr function will be significently
impaired under in-use conditions during their incended service lives,

oty : for in=use
: : Documentation of gacisfactory long term performance under
Evaluagion conditions or engineering analyeis, Where adequace existing information

: ; :1ined in Section
is unavailable, testing using either the methodelogy out : :
13 of the Appe&dix given at the end of thia chapter or other methods
which can be shown to mest the intent of the criterion will be used,

Cotmantary The use of corrosion inhibitors ot dielectric fittinge that eleecri;
cally tsclate dissimilar materials may be desirable. Tn the ca.s o
plastics, plaaticizer migration may l.¢ & concern., The presen;e of
pinholes in protective coatinge may drastically accelerate corrosive
action,

Coppgr is the only metal used in the collector, so there are no cases
of dissimilar metals which might corrode threugh galvanic actien. *

All the other materials are plastics and elastomers which have shown no

evidence of corrosien or chemical interaction during the months of testing
and use. ’

Tﬁe 60/40 solder used in the copper headers is designed specifically for use
with copper to avoid corresien.

5.3.3 Critarion Corrosion by leachable subatances. Chemical subecances that can be
leached by motature from any of the materials within the system shall
not cause corrosive deterioration of any other components that would
significantly impair che ability of these components to perform their
intended function over their service lives,

Evaluation UDocumentation of smatisfactory long term performance under in-use
conditions or engineering analysis. Where adequate existing information
is unavallable, testing using either the methodology outlined in Section
14 of the Appendix given at the end of cthis chapter or other methods
which can be shown to meet the intent of the criterfon will be used.

Cozmentary Salts such as those that can be lesched by moteture from some types
af glaes fiber and mineral wool insulation or from organic cemponents
may cause corrosion of eystem components that are in ¢lose proximicy.

The fiberglass insulation board meets military specification MI244 for
leaching, which allows enly an extremely low amoung of leaching. No leaching
has been seen during testing or cperation,

See Criterion 4.6.1 for leaching of the EPDM tubing, '
L RIGINAL P
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t 6.1 Requirement

‘v 6.1.1 Criterion

Evaluation

Commentary

that are expelled from components under in-use conditions shall not
cause the degradstion of other components within the system to the
extent that it would significantly impair their ability to perform
their intended function over their service lives.

5 Evaluation Documentation of satisfactory long term performance under in-use

v conditions or engineering analysis. Where adequate existing information
is unavailable, testing using either the methiodology outlined in Section
15 of the Appendix given st the end of this chapter or other methods
which can be shown to meet the intent of the criterion will be used.

Compentary Some components may yleld degradation products during their service

) 1ife without impairing their function or aesthetric properties, Thesc
o degradation products could significantly impeir the performance of

& other components in the system,

Aceess to the coliector absorber
_ : : . system
that might require service, is faegl ¢
stfgczzon of the panel collector.
pulled back easily to allow repair i
] ir of the
design the glazing can be cut zway o
an§ then recemented after repairs are made,

OPtgassing from the insu%ation beard did eendensé on the glazing but
dld not cause any degradlng of any components, The outgassing has been
handled by factory outgassing prior to assembly, See Criterion 5.2.6,

In early use the EPDM tubing may tend to give i i

] i g ma; give up small pieces of sediment,
To remove this sediment, a filter in the line is recommedded in the
collector manual.

Accessibility for maintenance and servicing. The systems for heating
{H), combined heating and cooling (HC)} and the domestic hot water (DHW)
system/subsystem shall be designed, constructed, and installed to

Jprovide sufficien: access for general maintenance, convenient servicing

and monitoring of system performance.

Accese for system maintenance. &ll individual items of equipment and
components of the N, HC and DHW systems which may require periodic
examination, adjusting, servicing and/or maintepance shall be accessible
for inspection, service, repair, removal or replacement without disman-
tling of any adjoining major piece of equipment or subsysten.,

Review of drawings and specifications.

Accessibility ae a function of component life is an important consid-
eration.

Information on access provisions 16 provided in Reference [1].

which is the only component
The glazing can be popped off and

from the insulation with a knife

-
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itated through the zipper-lock con-

In the field assembled
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6.1.2 Criterion

Accesa for system monitoring. Appropriate access for sensors shall be
provided for inspecting and checking essential system parameters such
as temperature, pressure and critical voltages.

Rt
Evaluation Review of drawings and specificacions for the location of test fittings.  :
Commantary Adequately located test fittings will permit system moritoring and ff
expedite the naintenance and repair of equipment. 3
The collector sensor for the differential thermostat can either be in- PR
serted in the header or can be clamped onto the header, . ]
. A
6.,1.) Criterion Draining end filling of liquida., To facilitate system or subsystem ] ol
saintenance and repalr, subsystems employing liquids shall be capable : #
of being conveniently filled and drained. ' .3
. . i %
Evaluation Review of drawings and specifications. g _%
Comnentary The potential buildup of vapor which could create air pocketa ard thus I - ‘
block or restrict the flow of heat tramnsfer fluids should be consid- i -3
ered. (See Criterion 2.1.5) } 5
P
A
3

ini ' i i ifficult becat f capillary E
Complete draining of the EPDM tubing 1s d1ff%cu1t because o l
actgon. To empty out the tubing completely air must be pumped throu%h H
the system. Complete draining, however, is rarely necessary as there
is enough flexibility in the tubing to absorb expansion caused by

for the flushing (cleaning) oi Iiqutd energy transport subsystems.

freezing. : !

. ORIGINAL PAGE IS /-

.‘ OF POOR QUALITY ,‘f ;
| S

6.1.4 Criterion Flushing of liquid subsystems. Sultable connections shall be provided E

Evalustion Review of drawings and specifications,
Commentary The recomwandations of the system manufacturer For cleaning agents
compatible with the materials of the system should be followed.

Water is the recommended agent for flushing. See the collector manual.

.
.

6.1.5 Criterton Filters, Filters shall be designed and located so that they can be

cleaned cr replaced with minimum disruption to the system and ddjacent
equipment. Cleaninyg frequencles sh .1l Le specified by the system
manufacturer it the malntenance manuaul.

‘.
Evaluation Review of urawings and specificatiens. '

’

The use of a filter is recommended in the collector manual, See Criterien
5.3.4.
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:'-Sl 6.2 Requirement Installation, operarion and maintenance manual. A manual ahajl be
v provided for the iustallation, operation and maintenance of the I,
HC and DHW systems.

6.2. Criverion Inscallation instructions. The msnual ehall include physical, functional
and procedural Instructiona describing how the subassemblies of the
HC and DHW systems are co be installed.

These instructiona shall include descriptions of both Interconnectiuns
berween the system subassemblies and their interfaces and connections
with the dwelling and site.

Evalustion Review of installation instructlons.

See the colliector manual,

6.2.2 Criterion Malntenance and operation insrructions. The manual shall completely
describe the H, HC and DHW systems, their breakdown into subsystems,
thelr relationship to external systems and elements, thelr performance
characteristics, and their required parts and procedures for meeting
specifled capabilictes.

.

The manval ghall iiat all parta of the systems, by subsystem, de-
scribing as necessary for clear vnderstanding of operation, mainten-
ance, repair and replacement, such characteristics as shapes, dimen-
slons, materials, weights, functions and performance characteristics.
The manual shall include a tabulation of those specific performance
requirements which are dependent upon specific maintenance procedures.
The mainrenance procedures, including ordinary, preventive and minor
repairs, shall be croms-refersnced for all subaystems ind organized

T i o Rk, L P

inte & maintenance cycle. The manual shall fully describe operation

: procedures for all parte of the system including those required for ;

implementation cof specified planned changes in mode of operation. . i

i

it

Evaluation Review of mailntenance and operating instructions. ¥ 3
See the collector manual, j
3
| -
6.2.3 Criterion Maintenance plan. p

M an.  The manual shall include a comprehensive plan f
B maintaining the specified performance of the H, H yatems
: C and DHW

! for thelr design service lives. ' e DHM eystems

The plan shall include all the necessary ordinary maintenance, :

preventive maintenance and minor repalr work and projections for
equipment replacement.

Evaluation Reviev of maintenance plan.

¥

Sce the collector manual. .
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6.2.4 Criterion Replacement parts. Parts, components, special tools and test equipment
vequired for service, repair or replacement shall be commercially
available or availahle from the system or gubsystem manufacturer or
supplier.

Evaluation Review of specifications 'or the availability of parts,

Commencary This criterion is intended to preclude long periods of system down-
time due to the need for the repair or replacement of parts.

A repair kit providing all commonly needed pa ir wi

F 1t [ 1 parts for repair will be
Prov1ded with each collector. Instructions for use of tge kit are
included in the manual,

6.3 Requirement The H, HC and DHW systems shall he

designed in such & manner that they can be conveniently repaired by
qualified service persgonnel,

6.3.1 Criterion Maintenance of H and HC systems. The H and HC systems shall be capable

of being serviced with a minlmpum amount of special equipment by a
trained HVAC service technician using a maintenance manual.
Evalustion Review of drawings, specifications, and maintenance instruccions.
Commentary The complexity and design of certain components may require their
removal and replacement for repair of the svstem.

See the collector manual and Criterioen 6.1,1.

ORIGINAL PAGE IS
OF * JOR QUALITY

6.3.2 Criterion Maintenance of DHW system. The DHW system shall be capable of being
serviced with a minimum amount of special equipment by a qualitied
service technlcian using a maintenance manual.

”

Evaluation Review of drawings, specifications, and maintenance instructiona.

See the collector manual and Criterion 6.1.1.

; . ] connections. The connactions
betwaen the H, HC, and DHW systams snd the dwelling or site shall
function mechanically ot slectrically as intendad.

8.} Requirsmant

8.3.1 Criterion Plumbing connectioms. Plumbing connectiona betvesn the solar sub-
Systenm and VALSr mervice or vaste disposal systems shall be
in accordance with the MP5{3] or ANGI All9.1[4], as spplicabla.

Evaluacion Raviev of machanical drawings and any details or specificatiocna
talated to plumbing conuections. -

' Cosmentary Particular attention should be given to making sure that plumbing
connecrions are dimensionally coordinated, that pipe sizas and
threads are compatible, and that changes in direction do not unduly
restrict the flow of fluid.

The pipe connections at the inlet and outlet Hggders are standard 3/4" NPT.
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11.2.1 Criterfon Chepical corrosion. Salar subsystems shall not cause chemical

corrosion ol tne building or site elements to an extent that would
significantly impair thcir intended performance.

Evaluation Sece Evaluntinn: Criteria 5,3.3 and 9.3.4 Ln Chapter Five, Systems

and Components,

See Criterion 5.3.3 and.5.3.4,

11.2.2 Criterion Heat snd woisture. Roof mountad splar subsystams shall not cause a

buildup of heat or moisturs that would:cause excessive deterioration
of the roofing system or other components of the dvelling.

Evaluation Review of architectural plans, specifications and calculations for
tempevature bulldup caused by solar subsystems.

 Commentary The presence of the collector can cause abnormal heat rises which

could caure thermal degradation and the buildup of molsture which
could cause rotting.

The collector is designed to be mounted to the roof and flashed to prevent
moisture from building. up under the collector, The temperature of the roof
structure is a function of the abserber temperature, the air temperature
underneath the roof, the amount of insulation under the roof and the amount

"of insulation in the collector, which is fixed by the design of the collector

at a X value of .115 BTUH/ft2/°F, Assuming the collector insulation is twice
as effective as insulation in the roof, which is quite conservative given
losses through joists and the fact that most attic insulation is on the attic
floor and not under the roof, the roof structure temperature would be two-
thirds between the absorber temperature and the air temperature underneath
the roof. Assuming an extreme case of stagnation at 300°F and inside air
temperature of 90°F, the roof would be about 160°F. The SUNMAT Collector has
no design features to distinguish it in this respect from other collectors
designed for direct mounting on the roof.

11.3 Reguirement Durabiliry and relials.:ty of connecti-ms. bl cunoections between

the H, HC and DHW sysi.ms and the dwell lng that are exposed to
exterral enviroemental factors shall net undergo vhanges that will
{mpair thelr functivu..

11.3.1 Criterion Material comparibility. Coannector materials shall be chemically and

-ni. N

See Critérion 5.3.2,

physically compatible under in-use conditions.

Evalultton‘ See Evaluation: Criterion 5.3.2 in Chapter Five, Systems and

Components.

-
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FIBERGLAS'

YL I TLIR

Industrial Insulation,
700 series, Plain and Faced

A highly versatile group of Fiberglas
insulating boards designed to
insulate ductwork, equipment,
vessels, and tanks, both thermally
and acoustically. For operating
temperatures to +450F

AR R GRS
iU UN Al :
%‘;‘ pPOOK QU ALITY

uses

The 700 series Boards have been designed primarily to

insul~ _ heating and air conditioning ducts, ovens, tanks,

boilers, hot water generators and nther hot equipment.

Type 701—A lightweight resihent insulation, in board
form, used on vessels having irregular surfaces where
the exterior finish is supported by welded studs, pins, or
other mechanicai attachments

Type 703—A semi-rigid board recommended for use on
equipment, vessels. and air conditioning ductwork.

Type 705—A rigid board with very high strength charac-
teristics for use on chillers, hot and cold equipment,
heating and air conditioning ductwork where greater
abuse resistance and good appearance is required

‘description

Fiberglas® 700 Series Industrial Insulations are made of
inorganic glass fibers pre-formed into semi-rigid tc rigid
rectangular boards of varying densities. The series con-
sists of Types 701, 703, and 705. Each type has specific
thermal and physical characteristics which make it suit-
able for the uses described. Types 703 and 705 are
available with factory-applied FRK-25. Type 705 is avail-
able with ASJ-25, Both facings are vapor barriers and
provide a neat, finished appearance.

benefits

Lower operating costs—the - xceptional thermal effi-
ciency of Fiberglas 700 Series Insulations !lowers
operating costs

End-use tailored—three densities offer a selection of
products to meet specific performance and economic
requirements.

Lower maintenance costs—700 Series Insulations resist
damage, maintain structural integrity and efficiency.
Thackness stays uniform.

Wide temperature-use range—applications range from
-60F tc -- 450F.

*Trademark reqisterect Owens-Corning Fiberglas Corporation

N

Neat finished appearance—the boardlike characteristics

of the heavier density Type 703 and 705 products provide

neat square corners. The factory-applied facing provides
an attractive finished appearance

Immediate building code approval—Fiberglas 700 Series
Insulation (faced and unfacec) nas a UL flame spread
rating of less than 25

Noise control—a versatile group of Fiberglas products
that efficiently reduce sound transmission.

80
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performance characteristics facings
Sound absorption characteristics (2" thick, =6 Types 703 and 705 are available with the following fac-
mounting) tory-applied vapor barrier facings, with UL labels
available if specified: ;
Frequency Insulation lype (unfaced) FRK—Foil reinforced kraft: 703, 705
(Hz) 1 70 703 705 ASJ-Embossed white kraft foil laminate: 705 only E
125 34 32 48 Vapor transmission rates:  ASJ-25- 02 perms P
250 : 70 74 82 FRK-25~.02 perms
500 96 97 97 Beach puncture resistance ASJ-25-50 units
1000 97 98 99 FRK-25-25 units S
2000 86 87 90 -y
90 — & » % gurface burning .
3C : 9. « a2 A
i characteristics ! 3
(unfaced or taced") l )
Size and Density flame spread 25 4
701 703 705 fuel contributed 50 4
. A— - N— S smoke developed 50 b
Density (pch) 1.58 300 6.00 {compared to untreated Red Qak as 100) 1
Thickness {!:" %
(increments) 14,04 402 11-2" . I . :
p—————— application recommendations j
(ps! at 10% detorm ) 45 100 350 Type 701 —lightweight untaced flexible insutation in g
Standard size board torm for use on vesse!s having irregular surfaces, . 3
{inches) i i 24"x48" where the compressive Ltrength 1s not a performance :
Thermal canductivity criterion A
at 75F mean temp 0242 0.230 0 220 3
— — Types 703 and 705—board insulations normally impaled
“Affer compressian packagen an welded pins on flat surfaces They are cut in segments (I é
and banded in place on rticular sutfaces Untaced A
boards are nermally tinished with resntorced insulating ! . 3
] cement ar weathergroof mastic For cutdoor apphcation ) .
Thermal Conductivity Types 703 and 705, faced. P %
AS,)-25 or FRK-25 faced insulation boards shal! be ap- »’ i
plied using mechanical fasteners such as weld pins or . i
stick clips. Fasteners shall be located not less than 3" ;o f :
50— ' ; 2 from each edge or corner of the beard. Pin spacing along Ly
k. the duct should be no greuler than 12° on centers. Addi-
3 40 70t tional pins ar clips may be required to hold the insulation
o 03 tightly against the surtace where cross breaking is used
® for stiffening. Weld pin fengths must be selected to insure
£ ‘BOL et - 105 tight fit but avoid “oil canning’’ eftect. 3
=
T Apply only OCF vapor sea! ASJ or FRY. pressure- 2
E 20 — sensitive patches. Ruty hard with the nyion seabng too! to 3
insure a tight bond and a vapor seal. 3
1 OL . . All insutation edges and butt joints are to be sealed only 3o
with QCF pressure-sensitive joint sealing tape to match the i
jacket. Rub hard with nylon seahing tool Use 3 wide tapes 3
“ : - ) i on flat surfaces, or where edges are shiplapped and stapied
0 75 100 200 300 350 5" wide tape can be used in lieu of shiplapping. §
Mean Temperature, F
Precautions: i
o Keep all contact adhesive surtaces clean
- Moisture absorption—less than 2% by velume » Use nylon sealing tool te prevent wninkles and fish-
Bacterfa and fungus resistance—does not breed or mouths. 3
promoie o Duct-work or radius may require pre-scoring to allow 3
Humidity and temperature effect—cycling conditions will the board to conform to the surtace.
not cause snalling or crumbling & When painting the facings for indeor applications, use
Corrosion—does not accelerate corrosion of copper, only water base /latex products.

steel, or aluminum

Fire sajety—Fiberglas 700 Series. both faced and un- Limitations: ‘ , )
faced, can be specified and used without danger of ] Pressure-seqsmve sealing tapes or patches should
contriuting to the spread of fire or fiberation of exces- only be applied when the ambient temperature s
sive smoke. between + 35F and + 110F

¢ Maximum insutation surface temperatures in use are
limited to —10F to + 150F.

* Outdoor applications require addittanal weather
protection.
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economic thickness

Cautlon: The recommended Economic Thicknesses

ance, and energy censervation. It is possible that heat

itignited by external sources such as welding slag, cut-
ting torches, etc. Care shouid be taken to avoid direct

T contact with the insulation by fire or ignition sources.

Selection of an insulation for any specific application
shoutd take into consideration the following important
criteria: 1. Cost of insulation applied. 2. Cost of heat

N energy at midlife. 3. Cost of capital. 4. Capital investment

£ 4

in heat production equipment. 5. Temperature differen-
tial. 6. Size of the pipe surface. 7. Conductivity of

- insuiation. 8. Depreciation peried—insulation and tacility.

The thicknesses shown in the tables below are based on
the foillowing typical conditions:

Commerciai (full time):

Annuyal fuel price increase 4%

initial heat cost. $2.75 1000 Ib steam
Heat cost at midlite $4.07 1000 Ib. steam
Cost ot meney 7':% year

Captal investment: $20 |b steam hour
Flat insutation cost (1) $3 40 sq ft
Depreciation time 20 years

Hours of operation: 8760. year

Economic thickness for heated equipment lo 450F
(BOF ambient. sttil air, commercial full time)

Surface

Type 701 Typa 703 Type 705
Tomp.F | ET HL ST JET ML STJET HL ST
150 2'; 5 84 {2« 5 8412 5 84
200 3 6 86 {3 6 86 .
306 5% 8 87 . .
400 7 g 88 » .
450 7' ') 89 . »

ET - goonomic Puekpuss miches  YFoy raguirements e thes area, cantact

HL  neatioss Btu toosgi your iscal OCE representative
5T surtace temperatun deqF

Commercial (part time):

Annual tuei price increase. 4%

imtal heat cost: $§3 00- 1000 Ib steam
Heat cost at midiife $4.44 1000 (b steam
Cost of money. 7°:% year

Capital investment $20°1b steam hour
Flat insulation cost (1'). 83 40 s ft
Depreciation time 20 years

Hours ot operation: 5400. year

Economic thickness for heatet} equipment to 450F
(BOF ambuent, stiil air, commercial part time)

Surface Type 71 Type 703 Type 705
Teulp. 1 ET HL STIEY HL STIET HL ST
150 2 6 86} 2 6 85 2 6 85
200 3 7 8] 3 7 86| 3 7 B6
300 4, g9 88} 4 10 8’9 [
400 5% 11 890 - .
450 6 12 9i . ] -

——

ET = gcanomic thickness, inctes  *For requitements It this area. contacl

HL - heattoss. Bta ht sght your local OCF representative.
ST « surh.ice temperature. deg F

82

shown are chosen with respect to cost, thermal perform-

may be generated from the resinous binder of insulations

Thickness to prevent condensation on cold ducts and
equipmenti—faced board

The following chart indicates the recommended thick-
ness for instaltatien on cold air ducts at various
temperature differences (duct to air). Also shown are val-

ues for heat gain and approximate maximum relative
humidity allowabie.

Tcmpeuture Recommended

Permissible
Ditierences Thickness Heat Gain Ralative
deg. F (inches) Btu/sg fi/hr Humidity
20 1 4.3 90%
2L 1 5.2 87%
30 1 6.1 89%
35 t YA 88%
40 1 57 90%
45 1% 63 89%
50 2 54 90%

specification compliance

. . 701 703* 705
HH-1-558B, Form A, Class t ] . .
HH-1-5588, Form A, Class 2 . .
HH-1-5588, Form B, Type 1, Class 7 .
Navy Bureau of Yards & Docks TS-15180 . .
Corps of Engineers C E.—301 08, 11, 12 . .
NFPA 90A . .

* Tygre 703 G 1s specrally producedt 1or contracts where cerihcahon of comphance to
the above Federal Specilicaticsn o eequiced Availably plain or faced for use on hot or
coin equippment and for as conditionig ductwork

!
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Offices of Owens-Coming Fiberglas {orporation

ALABAMA
Birmingham 205~ 786-3461
Mobiie 205—471-5465
ALASKA
Anchorage 207—272-6425
ARIZONA
Phoenix 602—277-6217
ARKANSAS
Little Aock 501--664-2133
CALIFORNIA
Fresno 209 286-4193
Los Angeles 213—724-5383
Sacramento H16—927-1896
San Bernardino 714 885-3496
San Chego 114—234-0903
San Francisco  415—873-7950
Santa Clara 408—296-2525
COLORADRD
Denver 303--757-6121
CONNECTICUT
East Hartlord 203-—-289-6411
Hartlord 203—524-5987
DISTRICT OF COLUMBIA
Wash (Gov't)  202—296-3296
Wash {Sales) 30t~ 730-9300
FLORIDA
Jacksonvitie 904 — 786-5880
Miam; 05—-651-2113
Orlando 305—843-2432
Tampa 813—-877-7536
GEQRGQIA
Atbany 812—883-6017
Atiants 404--352-3566
HAWAL
Honolutu 808—537-3832
ICAHO
3oise 208—342-9311
ILLINOIS
Chicago 312—583-0100
Rodk Isiand 309 788-6309

INDIANA
Elkhart
Evansville
Fort Wayne
indianapolhis

1OWA
Des Moines

KANSAS
Kancas City
Wichia

KENTUCKY
Louisville

LOUISIANA
New Orleans
Shreveport

MARYLAND
Baltimore

MASSACHUSETTS
Boston

MICHIGAN
Detront
Flint
Grand Rapids
Lansing

MINNESOTA
Minneapolis
St Paul

MISSISSIFRI
Jackson

MISSOURI
Kansas City
St Lowss

MONT ANA
Bills s

NEBRASKA
Omaha

NEW JERASEY
Berhn
Cherry Hill
Newark

Pul. No. 1-IN-8380-0 Litho U.5 A Nov., 1975

219—254-3627
B12—425-5124
215—483-9552
317—8398-1140

515—223-1205

913—281-4322
316~ 265-2522

502—456-4230

504—837-20902
N9—222-1100

301—730-9300

617—235-7540

313— 547-8000
AN3-—-787-6573
616—452-8788
517--372-4930

612—884-5375
612—48B-7297

601--982-0810

8t8—753-7725
314—991-2640

406—252-8496

402-397-2072

606—767-3300
609—428-8590
201—484-8500

33

NEW MEXICO
Albuquerque

NEW YORK
Albany
Bultalo
Delmar
New York
Rochester
Scarsdale
Syracuse

NORTH CAROLINA

Charlotte
Greensboro
Raleigh

oMo
Akron
Cincinnati
Cleveland
Columbus
Toledo

OKLAHOMA
Oktahomy City
Tulsa

OREGON
Portland

PENNSYLVANIA
Barwyn
Bethiehem
Harnsburg
Phitadelphia
Pittsburgh

RMODE ISLAND
Cumbarland
Providence

S0UTH CAROLINA

Columbia
Greenvilie

TENNESSEE
Knoxville
Memphia
Nashville

Vool 1 23 771 %
ORIGINAL PAGE 0
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TEXAS
505--294-5511 Dailas 2142239241
Houston 713 883-9363
San Antonio 512—£28-0658
518—-869-0221
716- -832-1410 UTAH
518—439-7651 Salt Lake City 801—87-6204
12—-759-3840
716—38-0340 VIRGINIA
914—472-3400 Nortolk B804—461-8114
54551671 Richmond 804—272-5851
WASHINGTON
704—372-7085 Seattle 206--762-4250
919—273-0528 Spokane 509 924-6532
919—872-0823 WEST VIRGINIA
Charleston 04— T744-2291
216—867-5770 WISCONSIN
5‘3—%3—‘2?0 M k 44— 0700
16— 804-9440 ilwaukee 259-0
614—451-6420
419—259-3001 INTERNATIONAL GENERAL
OFFICE:
405--848-6761 Taledo. Ohio 419—259-3402
918—627- 1228
EXPORT SALES OFFICES
Caparra Hgts, P R. B09- - 781-5165
503—620-1014 Miam, Florida 305—377-0074
Now York, N.Y 212—759-3810
PO, Toleda, Ohio 419--269-3023
215—865-0427 ELROPEAN HEAD OFFICE
717—761-0430 Brussels, Beigum  02/672.23 26
215—647-3405
4O12-563-7766 EURDPEAN SALES OFFICES
Ascot, Berkshite. Eng.  980/24888
Brussels, Beigium
401—333-6071 1Benelux Sales) 02/672 23.26
401—434-7437 Mitan, italy 2/6887-851
Survilhers, France 1/471-9210
" . 1247
803- 752-9983 Wisshaden, Ger 08121/562031
803—271-933t SOUTH AMERICAN OFFICES
Bogota. Colombia 348020
Porto Alegre. Brazil 22/7505
g;f:g_'g“,% Rio d2 Janeiro, Brazi 2220768
615—207-9532 Sac Pauio, Brazil 257-B066

OWENS-CORNING FIBERGLAS CORPORATION

Mechanical Products Division

Fiberglas Tower, Toledn, Ohio 43659
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Introduction
Extrudable NORYL Resins

Performance and processability no other
extrudable material can maltch.

With their combined properties and processability, extrud-
able NORYL resins offer advantages te both the designer
and the fabricator.

On performance, NORYL resins feature heat resistance
under load from 212° - 265°F. Combined with this are
impact strength of 5 0 ft-ibs notched 1zed, dimensienal
stability, broad U.L. recognition, excellent etectrical
properties and extremely low maoisture absorption.

Fram an extrusion standpomt. this family of materials
delivers excellent processability. melt strength and stabil-
ity and hugh thru-put rates

Extrudable NORYL resins combination of performance
and processability makes them ideal for a wide range of
applications It also opens new opportunities for the
economics of plastics extrusion where metal was once
required
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Products Available

Extrudable NORYL resins are available in three high
performance grades to meet a wide range of engineering
requirements efficiently and reliably.

NORYL EN-212

Heat resistance of 212°F at 264 psi, a U.L 94 V-1 rating
and excellent mechanical and electrical properties are
ail combined in NORYL EN-212. This all-around perfor-
mance represents a significant step up over FR ABS and
PVC, and allows thinne: -walled designs fer material
savings.

NORYL EN-265

For applications requiring higher heat resistance pius
broad U.L. recognition and impact strength, choose
NORYL EN-265.

Its heat resistance of 265°F under load is coupled with
high impact strength, excellent electrical pronerties and
a U L. 94 V-1 rating. Combined, these properties make it
the ideal metal replacement material for extrusions
requiring durability, stability and U L. approval.

NORYL ENG-285

Figh performance NORYL ENG-265 offers a property
profile quite similar 10 EN-265. without the U L. 94 V-1
rating. This genera! purpoese grade I1s an excellent mate-
rial for applications requiring high mecharnical strength
and heat resistance under load

Performance Profile

Extrudable NORYL resins answer the need for materials
that offer a significant step up in performance over

FR ABS and PVC. And with their higher thermal and
mechanical properties, extrudable NORYL resins allow
the designer to replace mere costly metal extrusions for
economy without sacrificing performance.

The combined properties of extrudable NORYL resins
also mean you can design for thinner walls than are
possibie with PVC or FR ABS, for a significant savings
in materal. in fact, one application formerly in commodity
plastics has been redesigned in NORYL resins with a
30% thinner wall. And the parts actually outperformed
their predecessors with higher mechanical and thermal
properties.

Compare the performance of extrudable NORYL resins
1o traditional commodity materials. While others may
ofter one key property, NORYL resins combme alf the
properties you need for all-around performance and
reliabitity

ORIGINAL PAGE IS
OF POOk QUALITY
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Properties

Thermal Stability

With extrudable NORYL resins, you can choose from a
range of heat distortion temperatures from 212°F to
265°F at 264 psi. And this heat resistance shows little
decrease with increasingly applied stress

Low thermal conductivity and coefficients of linear
thermal expansion add to the heat-related advantages
of extrudable NORYL resins

Agency Recognition

All three extrudable NORYL resins carry broad U .L. rec
ognition. U.L. continuous-use ratings range from 80°C
to 110°C, and two grades meet U L. 94 V-1 requirements
NORYL resins also carry a strong record of approval for
sole-support of current carrying parts, a critical factor

in many electrical applications

NORYL resin’'s ability to withst
its resistance to an industrial alkaline enviror
creep and U.L. recognition prompted the ma

of this bus bar sleeve to use NORYL EN-265. The materia
also cut the cost of the unit significantly over its fiber
glass predecessor

iNd a 20U KV voltage test
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Impact Strength &
Unlike CPVC and FR ABS, extrudable NORYL resins

combine heat resistance with high impact strength -{ |

[qu_ 1). And they retain more of their toughness down to
- 40°F to insure durability at temperature extremes

Figure 1: Impact Strength
HDT* —_ ~—~] — _] e T

| {
NORYL 212 -265°F | At-40°F [ ALT3F
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| .
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Structural Strength

Where structural strength counts, extrudable NORYL
resins deliver better than FR ABS or PVC (Fig. 2).

Tensile strengths range from 7,800 to 9,600 psi. Flexural
moduius ranges from 360,000 to 380,000 psi, and is
only slightly affected by elevated temperatures.

With this mechanical strength, extrudable NORYL resins
are the ideal choice for structural or load bearing applica-
tions. They're also ideally suited for functional designs
such as snap-fits for mating two extruded parts

Figure 2: Tensile Strength
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With its excellent hydrolytic stability, low creep, resistance
to acid and alkaline solutions, and its processability
NORYL ENG-265 was the choice over PVC for this
scrubber vane and mist eliminator used in processing
plants and environmental equipment

Hydrolytic Stability

All NORYL resins feature an extremely low water absorp-

tion rate at 0.066% (Fig. 3).
What's more, even long term exposure to hot water or

steam has minimal effect on their mechanical properties.

This characteristic helps insure dimensional stability
and long term performance for any application exposed
to moisture.

Extrudable NORYL resins are also completely resistant
to hydrolysis, and can withstand virtually all acids and
bases.

Figure 3: Water Absorption
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Electrical Properties

High volume resistivity and dielectric strength make ex-
trudable NORYL resins ideal for a variety of electrical
applications. Their low dielectric constants and dissipa
tion factors are virtually unaffected by frequencies from
60 to 108 cps, changes in humidity and by high
temperatures.

Creep Resistance

With excellent creep resistance at elevated temperati.res
extrudable NORYL resins offer high stability and predict
able long term performance under load Their ability to
resist deformation under prolonged stress also makes
them ideal for metal replacement

In this interlocking wiring splice cover, NORYL resin
offered the high impact strength needed to withstand
handling and installation abuse, ever in sub zero tem
peratures NORYL resin also had the processability to
allow fast, efficient production of this complex shape

90
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Typical Properties —Extrudable NORYL Resins

NORYL NORYL NORYL %

—_— , ) ASTM _ ENG-265 EN—265 _ EN-212 =
PHYSICAL ' b

Specific Gravity, 73°F D792 1.06 1.06 1.10 i

Water Absorption D570 0.066 0.066 0.07 i

Tensile Strength, psi at 73°F D638 9,600 9,600 7,800 i o5

Elongation at Break, % D838 60 60 50 |

Tensile modulus, psi at 73°F D638  355.000 355,000 380.000 ) 3

Flexural Strength, psi at 73°F D) 13,500 13,500 12,800 b

Flexural Modulus, psi at 73°F D790  360.000 360,000 360,000 )
Compressive Sirength (10% deformation) psi D695 16.400 16,400 16,000 -3

Shear Strength. psi b732 10,500 10,500 6,900

° Detformation Under Load. % at 2,000 psi, 122°F Ds21 0.30 0.30 0.50 7
Creep (300 hrs 73°F at 2,000 psi} % Strain (e} D674  0.63 0.63 0.80 3

jzad Impact Strength. ft Ibs. in. Nolch @ 73°F D256 5.0 50 50 4

- “ 40°F 25 25 25 4
Rockwell Hardness - D785 R119 R119 R115 i

THERMAL 4
Meat Deflection Temperature (264 psi), °F D648 265 265 212 ¢ 2
Thermal Conductivity, Btu/hr/fi2/°F/in c177 1.5 1.5 11 ‘i
Coefficient of Thermal Expansion, in/in/°F D69  3.3x10°° 33x10° 38x10° - 3
( 20° to 150°F) i
| ELECTRICAL N
g Dielectric Constant (50% RH. 73°F at 60 cps) D150 264 2.69 265 B
' Dissipation Factor (50% RH. 73°F at 60 cps) D150 0.0004 0.0007 0.0007 VLG
Volume Resistivity, dry, ohm. cm.. 73°F D257 1007 107 1006 B
Surface Resistivity, ohm/sq D257 1017 1007 1016 4
Dielectric Strength (1/8" sample). volts/mil D149 550 500 400 3
Arc Resistance (Tungsten), sec. D495 75 75 7 e
U. L. : f ‘

U. L. Subject 94 - HB 94 V-1 94 V-1 o

U. L. Continuous Use, °C (I

With impact -~ 90°C 105°C 80°C
Electrical Without Impact - 105°C 110°C - 9%°C
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Processing Advantages

One of the key advantages of extrudable NORYL resins

> lies in processing

faster proauctior

| applications This is a prod
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1. Drying

Figure 4: Physical Properties of NORYL EN-265
after Repeated 100% Regrinding

Virgih ol,,i e
NORYL 100% Regnnc{_

Property EN-265 | 1st Cycle | 3rd Cycle

) { )

! | 36

|

s

wough vented extruders are preferred, non-vented
successfully with NORYL

Recommended Drying Times/Temperatures

NORYL NORYL NORYL
EN—265 ENG-—265 EN-212

Dr Temt )-240°F 0 20°F
[ e 4 I nours 2-4 hours
maximun v LT
2. Screw Design
i it X | e f
f tc recommended R
t( f i ve ssful \
, recommen :

Section No. Diameters Depth, Iﬁches
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Figure 5: Recommended Screw Designs for 3. Processing Guidelines ; 3
Extrudable NORYL Resins 8 The screw shoutd not be ot dle sth meltin the ex B §
(for reference only) truder for mare than a few minules. lo prevent carboni v j
zation and black spots 2 ;
2% INCH 241 TWO STAGE W Satislactory operation has been achieved without B
screen packs and with sizes as hine as 100 mesh ! :
105 185 oOn PACES and wi nee : 3
Processing Temperatures: . '3
NORYL EN 265 & Vo ;
NORYL ENG 265 120=-500°F i b
NORYL EN 212 390 450°F } | “
4- Die :s(v" N %
3% INCH 24:1 TWO STAGE B Draw down ratios of 20 50°% bave been used wih no - ‘
eftect on physical propertes in the end parn 3! "
- 325 220 B While NORYL rosms o met eimd harmiu tumes or ; ’ ’ a
corrasive by products onrome plitnag of inner de { i 3
surfaces 1s recommended tor oplimu.n producthon § l ﬂ
rates and appearance : ¥
- @ Polished inner die surla: ¢o aré aseally suthicient in i E
most apphcalions i 3‘.
4% INCH 23:1 TWO STAGE B Streamlinest dies are preferred troah sncar dres e o ~
acceptable % . 3
140 250 | NORYL resins oxhibit die swell Characiern ol s ¢ 307 i %J
under the processing femaperatures recomn s Jded y k
dabove : :
50 | 3.5¢ 5. Cooling L
Slow coolng of the NORYL resin extrudale is prefarable é ' ‘
to guick guenching 1o minimize res.dual slress = '
- . . g E
3%2 INCH 24:1 SINGLE STAGE 6. Purging and Cleaning ; ]
125 B Use conventional cloiing terrngues with reground £} ¥
- acrylics as the purge modenl E ? ;
M The die may be cleaned in a hot salt bath such as I
.440 potassiurm chloride for 15 minutes Remove all compo- i
nents that might be aftected by the cleaner. such as the ER
By l 5o 124 electnical heater ?; | , ’
it
T
T
E
| 3
| 3
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Applications

With their combination of properties, extrudable NORYL
resins can improve the pertormance of many existing
extruded plastic products In addition. it can open new
areas where metal can be replaced in extrusions for
areater economy witheut sacnhicing the required per-
formance

Typical applications include

Electrical
Winng splice devices
Protective shields
Wire enclosures/Conduit
Electrical apphiance enclosures, mountings and
escutcheons
Utility/Construction
Cooiing tower scrubber vanes & mist ehminators
Bus bar sleeves
Building products
Protective cable covers
Ground wire covers
Lighting
Ceiling hght housings
Lighting tracks
Enclosures

oA

Technical Assistance

The NCRYL Products Section Yas quafified technical
personne ready to assist you at every phase of product
development. from design through production

Capitalize on the high performance of NORYL resins to
develop designs using thinner wall sections than are
possible with FR ABS or PVC NORYL design engineers
will work with yoi- un the most efficient design that makes
the most of the matenal

Agency Approval

All NORYL resins carry broad recogmition by Under
writers Laboratones and the Canadian Standards Associ
aton The agency specialists can help speed your
product through the required approvals tor fast market
introduct,n

Extrusion

Extrusion process specialists can assist you in insuring
optimum processing conditons for NORYL resins. to
help you maximize the matenal s productivity
Finishing

It your product requires painting or other secondary
fimshing. you can turn to NORYL Products Section
personnel for the latest systems. techniques and supphers
For turther information, contact

Extrusion Techmical Team

NORYL Produrts Section

General Electr- Plastics

Selkirk, New York 12158




Inasmuch as General Electric Company hae no control
over the use to which others may put the materis!. ¢t does |
not guarantee thal ‘he same resulls as those descrled il |
herein will be oblaine1 Each user of the matenal shond
make his own tests 0 determine the matenal’s suitability
for his own particular use Statements concerming poss:
ble or suggested uses of the materials described herein
are not to be construed as constituting a hicense under
any General Electric patoent covening such use or as rec-
ommendations for use of such matenals in the intringe- |
ment of any patent

WORLD LEADER IN ENGINEERING PLASTICS
LEXAN ® NORYL ® GENAL ® VALOX UKLG‘NA“

PAGE 1D
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on Tremco POLYshimTM Tape contact: Tremco, 10701 Shaker
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For extended service life of rubber products.

Royalene
EPDM
“Crackless Rubber"
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Royalene EPDM

b

isageneral-purpose rubber

that has many uses.

Royalene can be used for a wide variety of products.
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Royalene EPDM (a terpolymer of ethylene, pro-
pylene and a controlled amount of non-conjugated
diene) has proved to be a materials break-through of
significant proportions because it can be easily made
into a variety of objects that resist weather and ozone
degradation far longer than was ever possible before.

Automotive applications.

Royalene has demonstrated its superiority in
many automotive applications presently using SBR,
natural, butyl and other rubbers. Therefore, Royalene
has gained wide acceptance for many engineering
uses in the automotive indust— sealing weather
strips (windshieid, back lights, bu.y shims, bumper
guards), cellular sealing strips (door weather strip,
deck lid seals), windshield wiper blades, windshield
wiper tubing, hose tubes and covers (both heater and
radiator), brake cups, shocks, pedals, specialty
coated fabric auto topping, motor mounts, ignition
cable insulations, wiring grommets, miscellaneous
gaskets, dust seals and boots.

EPDM is also keepi. 2 tire whitewalls white. Prac-
tically all the EPDM sold for this purpose is Uniroyal's
“Crackless Rubber" (sold under the registered trade-
name Royalene).

Appliance applications.

in the appliance field, ability to resist cracking
after repeated flexing, its wide temperature range
and resistance to acids and alkalis, ideally lends itself
to use for many washer, dryer, refrigerator and other
appliance parts including hoses, seals, door gasket-
ings and appliance wire.

Wire and cable applications.

Since Royalene can be specially formulated for
excellent physicals together with flame, abrasion,
weathering and moisture resistance, wire and cable
jacketing represents a sound application for this
material .1 many cases.

An added feature of Royalene is that its unique
combination of properties makes a true rubber-like
integral 600 V insulation and jacket possible for the
first time.

Other apy.lications.

Royalene resists many chemicals. It is finding wide
applications in tank liners, hoses, and other uses
requiring resistance to phosphate esters, ketones,

Both tires were aged 18 months. The one that didn't crack
(top) contains Royalene, the "Crackless Rubber.”* Most
whitewall and cover strips now contain Royalene

glycois and alcohols. it s esper.ially useful for long
maintenance-free service in the storage of peroxides
and caustic soda

The excellent water resistance of Royalene has led
to its widespread use for water conservation and for
prevention of contamination and leakage. Such
apphications include the iming of reservoirs. irriga
tion ditches and brine storage pits and the water
proofing of underground structures.
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Royale“e EPDM OF POOR QUALITY
has physical properties superior to
other gencral-purpose rubbers.
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g Comparison of I‘\‘u\‘.ilvnc' EPDM with other .*mnnmnl: used polymers \
] I I T T
! Polyisoprene; | :
- Property Royalene | Butyl Neoprene|Polybutadiene MNatural rubber SBR 1
. Hardness range; shore A | 40t09 | 40to 75 | 30t0 95 | 40 to 90 30 to 90 ‘ 40 to 90 ‘
. Specific gravity [0 865 L0 92 | 1.23 ' 0.91 ' 0.93 | 0.94 . -j
: Tensile strength; black loaded (psi) 3500 3000 . 3500 : 2000 3500 250X i { i
Tensile strength; pure gum (psi) 500 2000 3500 500 ‘ 3000 400 'f
" Cold flow R S TR e e P [ P Ef P
' Color stability g Rk | P | Gt | Gwl L Gto é
l Compression set [ G ' f . G ' G ' E ' f } i
| Cord adhesion ' G | PtoF | G ' G ' G ' G { 3
Cure rate T E ’ E 4 i
' Dynamic properties | Gto I ' P | G [ E [ E . G ‘
| Electrical properties i 3 i ' P G | G G ' 8
' Loading; black ' t ' P ' G ' G ' Gtot b8 / }
' Loading; oil : Saa FtoG G FtoG e
' Tack : - G . f | G . F | t ‘ FtoG ) 1
Abrasion G I f G Gtot G |
' Acids PERee | RE T o G ! G FB .1
' Bases IGtolf 1 - F |- 68 | G ' G I 6 | &1
 Cold S R Seel e Eee e G ‘ ! [ FoG N
Flame RSC RSC G RSC RSC RS !
Gas permeation t ' f G ' f ' I ! g
" Heat t G G G f 1
‘ Qils; animal & vegetable . G ' E ‘ G ’ f ' f ‘ :
} ' Oils; mineral = . NS ' NS [ NS |
Resistance | Ozone | f | i [ G P [ p [ [ :
to: | Solvents; aliphatic . P { P [ G { P [ P e |
| Solvents; aromatic ' P i E ‘ i . P { P |
Solvents; chlorinated ' e ! P . P ‘ P | P ' f
' Solvents; lacquer . P . ¢ P “ P [ P A P
- Solvents; oxygenated ‘ = . ' 2 ' '
(i.e., ketones) . A P ¥ 2
' Steam I k ' t | G ' G ‘ G ' G
Tearing . G . G " G ! f ’ Gtot ‘
| Water { t ‘ [ ' F t . = f f
Weather L g R e P ‘ r L
e | ; ._ : | | L |
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Royalene has many properties superior to other
commonly used elastomers. The table at the left
shows this comparison with SBR, natural rubber and
other polymers.

Vulcanizates of Royalere exhibit many outstand-
ing properties.

Lower specific gravity.

The specific gravity of Royalene is lower thar. all
other rubbers. Consequently, Royalene offers a
higher yield of fabricated parts per pound.

Final product cost also benefits by the ability of
Royalene to be highly extended with inexpensive oils
and blacks.

Petroleunmroils suitable for the extension of
Royalene are less expensive than the esters normally
used to plasticize neoprene, butyl, or acrylic rubbers.
In addition, Royalene can accept larger amounts of
fillers than other rubbers with good retention of
physical properties.

Retains properties at high temperatures.

Royalene is serviceable for extended periods of
continuous use at temperatures in excess of 300
degrees F and has shown good results in intermit-
tent uses as high as 400 degrees F.

Such vital properties as resilience, tensile strength,
elongation and hardness are largely retained in aging
tests at elevated temperatures. Royalene is far supe-
rior to any other general purpose synthetic rubber
on high temperature resistance.

Retains properties at low temperatures.

Royalene retains its flexibility at extremes that
shatter most rubber materials.

Royalene compounds remain serviceable at tem-
peratures as low as minus 70 degrees F.

Other benefits.

Other benefits of Royalene are excellent process-
ing, good to excellent physical properties, excellent
weather and ozone resistance, excellent electrical
properties, good abrasion resistance, good set prop-
erties ar.d exceiient resistance to polar liquids such
as water, phosphate esters, ketones.

Rova ene EPDM is commercially available from
Uniroyal Chemical in numerous tyoes i3 suit the vary-
ing demands of rubber compcunders.

S G- |

Ultraviolet aging effects
U.V. aging Polymers

(hours) Royalene Butyl Neoprene SBR

2 NC NC NC EFC

24 NC EFC NC EFC

48 NC EFC EFC EFC

100 NC VS VS EFC

200 NC VS VS EFC

340 NC S VS EFC
Sample | 30 min. 30 min. 30 min. 15 min.
curing | at320°F | at307°F | at307°F | at307°F

NC = no crazing visible at 20 X magnification.

EFC = extremely fine crazing visible at 20 x
magnitication.

VVS =very, very slight cracking visible at

Code 20 X magnification.

VS = very slight cracking visible at 20 X
magnification.

S =slight cracking visible without
magnification.

T hle above shows outstanding uitravioiet aging of Royalene
coimpared to other polymers. Test made on Atlas Weather-
ometer with 1-inch sample bent double on self.
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RoyaleneEPDM
has many processing advantages
and premium properties.

Rheometer curves show outstanding cure rates of Royalene compared to SBR.

Royalene 5°% /
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The various types of Royalene available from
Uniroyal have replaced other polymers because of the
superior performance and/or lower cost of Royalene
in a wide variety of important applications.

The Royalene 500 series, developed by our poly-
mer chemists, is a new chemical composition which
retains all of *he outstanding properties of existing
Royalene compounds and yet gives you the fastest
curing EPDM rubbers on the market today.

Easy to process.

Because of its inherent properties Royalene does
not require compounding with expensive antioxidants
inmany applications.

It is also sulfur curable and free from objection-
able odor, as well as peroxide curable.

Reduces per part cost.

Users have found that when the Royalene 500
series of fast cure EPDM rubbers are combined with
Royalene 400 series of oil-extended polymers, per
part costs are reduced because the combination can
readily be vulcanized on conventional equipment
with gcod control and a fast cure rate.

With increasing use of oil-extended rubbers, it is
believed that Royalene 400/500 low cost compounds
could be used for many rubber applications, including
many types of open cell sponge and closed cell
sponge applications.

Extends product life.

Due to its remarkable combination of properties,
Royalene can extend product shelf life and service
life. Those properties include resistance to abrasion,
ozone, weather and extremes of temperatures (from
minus 70 degrees F to as high as 400 degrees F).

And Royalene has excellent resistance to polar
liquids such as water, phosphate esters and ketones.

In addition to superior performance, Royalene
also offers great savings potential.

It offers a higher yield of fabricated parts per
pound because of all rubbers, it has the lowest spe-
cific gravity: 0.865.

Can be highly extended.

Final product cost also benefits since Royalene
can be highly extended with inexpensive oils and

Properties Features Advantages in use
Ozone and | Ozone protective Elimination of
weather additives normally strain limitations,
resistance. | used for other allows less costly
rubbers are not and restrictive
required in black and | design. Better
non-black EPDM appearance.
vulcanizates. Longer product,
shelf and service
life.
Heat Some Royalene EPDM | Suitable for engine
degradation | serviceable for ex- | compartment
resistance. tended continuous use | components.
at 300°F, intermit-
tent use at up to 400°F.
Low- Stays flexible below Permits use in
temperature | —70°F. Won'tem: broad temperature
utility. brittle at — 100°F. range: — 100°F
to +400°F.
Electrica! Excellent insulating Suitable for many
insulation. properties. power and control
applications.
Chemical Particularly resists Suited for use in
resistance. | polar liquids like heating-cooling
water, esters, glycols | components and
and ketones. brake systems.
Dynamic Effective over a broad | Potential applica-
properties. | range of temperatures | tion as vibration |
and frequencies. isolators and
body mounts. J

Various types of Royalene EPDM have replaced other poly-
mers because of their superior properties, lower cost,
outstanding features and advantages in use.

black and still have good retention of its physical
properties.
If you use natural or synthetic rubbers of any
kind, for any purpose, chances are Royalene EPDM
can do the job better. Or cheaper. And probably both.
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Uniroyal Chemical, Division of Uniroyal, Inc., Naugatuck, Connecticut 06770.

Conventional pt e - Royalene
synthetic rubbers S e “Crackless Rubber"
(exposed to 1000 hours ot ) h e w2wposed to 1000 hoyes of
heat. hght and oZone) 8 ‘A e heat, light and o"one)
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NORDEL m An Engineering Profile

{  THIS IS NORDEL

What is NorpeL? Fow does it differ from other
<vnthetic rubbers? What new opportunities does it
oifer to the designer and user of rubber parts?
Answers to these and other questions are explored
in this profile of an important engineering material.
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NBRDEL 1s a synthetic rubber developed by Du Pont

and supplied to rubber goods manufacturers throughout
North America and many other parts of the world. In
chemical terms, it is a terpolymer of ethylene, propylene and
a nonconjugated diene—a hydrocarbon-based elastomer
that can be processed and vulcanized by standard rubber-
industry techniques. Rubber chemists usually refer to this
class of elastomer by the initials EPDM.

To the specifying engineer, NORDEL might be better de-
fined as a general-purpose synthetic rubber with premium-
performance properties. It offers the broad utility and many
of the good properties of such long-familiar materials as
natural rubber and SBR (styrene-butadiene synthetic
rubber); like them, it has found use in a wide range of in-
dustrial and consumer products.

The distinctive difference that sety NORDEL apart from
other general-purpose rubbers i1s performance in categories
of properties (particularly resistance to environmental condi-
tions) usually found only in special-purpose elastomers.
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This is NorpeL hydrocarbon rubber as Du Pont produ~es it—a basic
raw material which other manufacturers compound and process into
finished products for a range of industrial and consumer uses.
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HOW DU PONT NORDEL COMPARES WITH
OTHER GENERAL PURPOSE ELASTOMERS*®

Property NORDEL Naturai Rubber  SBR
Specific Gravity 0.85 693 054
Tensile Strength good to excellent  excellent good to excellent
Dynamuc Properties  eycellent excellent good
Color Stability excellent good to excellent  good to excellent
Electrical Properties  excellent good good
Resistance to:

Weather excellent fair fair

Qzone excellent poor fair

Heat excellent fair fair to good

Cold good to excellent  good to excellent  fair to good

Chemicals

Acids good to excellent  good good
Bases good to excellent  good good

Qiis poor poor poor

Abrasion good to excellent  good to excellent  good

Tearing good good to excellent  good

Steam excellent good good

Compression Set  good excellent excellent

Flame poor poor poor

Ratings in this chart are based on performance of conventional compounds of
NORDEL, natural rubber and SBR. For each elastomer, any given property can
usually be improved by selective compounding.

ORIGINAL PAGE IS
OF POOR QUALITY

PERFORMANCE
PRﬂPER"ES The performance abilities of vulcanired

NORDEL are superior to those of any other type gener.:l-
purpose rubber. In some characteristics (notably ozon -,
weather, heat and steam resistance), NORDEL actually r-
forms on a level with many specialty elastomers.

Just how “premium" are the performance characteristics
of Norper? The table at left partially answers this quesoon
by comparing selected properties of NordEL with thot - of
natural rubber and SBR. From this quick comparison, the
relative superiority of the Du Pont elastomer over conven-
tional general-purpose rubbers is quite evident. To better
illustrate degree of performance, here are some brief quanti-
tative observations:*

NORDEL is virtually immune to attack by ozone. In
laboratory tests at concentrations as high as 10,000 parts
ozone per hundred million parts of air, technicians have
never been able to damage a sample of vulcanized NORDEL.
This is an inherent characteristic of the ethylene propylene-
diene terpolymer; the ozone resistance of NORDEL is not
dependent upon the use of chemical additives.

NORDEL has outstanding heat resistance. Products of
NORDEL can be compounded for service at temperatures of
300-350°F., well above the capabilities of either SBR or na-
tural rubber. Intermittent service from 350-400°F. can be ob-
tained with thesc heat-resistant ftormulations, and even higher
temperatures can be tolerated for brief exposure periods.

*Section 3 of this report (pages 15-19) discusses properties of NORDEL
in more complete detail.
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NORDEL stavs Hevible ar low temperatures. Clash-Berg
stiffness values of typical products usually fall between
60 F and -70 b Impact brttle points are usually -90°F

or below

NORDEL has exceptional resitance 1o steam Service testing
has shown that commercrally made stzam hose of NORDEL

R SRS AR

in round-the-clock use has a hife of one year (more than
¥ 000 hours) carrving 150 pag saturated steam (36671 ), and
three months (more than 2.000 hours) carrying 250 paig
saturated steam (407 8 ) This s several times the hte ot )

- —

hoses made from other clastomers

Other important performance characteristics of NORDEL 10
clude dvnanne properties that remam constant over a wide
temperature range . resstance o weather and sunhipht aging
(n colored as well as black productsy, excellent clectncal
properties: chemical resstance and good mechamcal prop
erties Since NORDEL s basically a hvdrocarbon, 1t s not
resistant o flame o petroleum-based oils

l.‘."t‘:w !

Hoth labosatory testing and actual use in commercial service have established the performance advantages of prodocts made from Nosoe
1eft: Flectrical wire insulation s undamaged after 16,000 v olt corona test Right Hot chenncals belt s sl excellent after 4 aean’ servie
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MANUFACTURING CHARACTERISTICS

NorpiL* hydrocarbon rubber is processed and vulcanized into
finished parts by the same techmiques and with the same equipment
wsed for other general-purpose rubters. Compounded matenal is
molded, extruded or calendered in routine fashion; final products
are vulcanized by curing methods standard in the rubber industry. 0“““NAL
Products made of Noroer move through the production line as R
casily as products made of any other type of elastomer, natural
or synthetic. Cellular products also are made by conventional

pAGE 19

P e e o

methods and may be of either th. pen- or closed-cell variety. i
This, then, is Noroer hydrocarbon rubber—a general-purpose &
ethylene-propylene-diene terpolymer with premium  performance ;
abilities. Norper s made by Du Pont, fabrnicated into finished P!
7 goods or component parts by rubber companies, and used by manu- i
facturers of automobiles, appliances, electrical equipment and other i)
industrial and consumer products. Areas of application for NORDEL !
. are discussed in the next section of this report i

i
{
1
1
3_
11
|
%
|

}

\
{3

L}

s

Extrusion of wire insulation is typical of the conventional rubber-industry manu-

d‘ facturing processes in which Noroee 1s used. No speciahized fabrcation or l
- cunng o hmigues are necded

% 113

- -

I-n-._.._‘lA o L PP — o . [y . ‘ . e i




; P - H‘ ...,“‘
i PBODUC‘I‘ ﬁPECiflCi
‘ s \v
! S D
1300
| : - 'f -~ &
" ] Ziln -"‘»I’,; -
| ] paTED:
| APRIL 1, 1972
gl ok 3 : SIC, o J@“ Revised Feb. 1, 1975
| DESCRIPTION.
i | * A fast drying adhesive that develops high immediate strength. Has excellent heat resistance,
! * Bonds Neoprene, reclaim, SB-R and Butyl rubber to metal, wood, most plastics and many other substrates.
PHYSICAL PROPERTIES
| |
i BASE | NET WEIGHT CONSISTENCY
Synthetic Elastomer 7.3 + .2 |bs./gal. Medium Syrup
i L
: ; SOLVENT FLASH POINT VISCOSITY (APPROX.)
| | Petroleum Distillate, MEK —14°F. 2400 cps
| COLOR SOLIDS CONTENT BROOKFIELD VISCOSIMETER
i Yellow (APPROX.) RVF #4 sp. (+ 20 rpm
1
: 37%
APPLICATION CHARACTERISTICS
- —— f x
| METHOD ' COVERAGE BONDING RANGE
! Brush or Flow ! (1 MIL DRY FILM) (10 Mil Wet Film, 2 Surfaces) °
i ! 396 sq. ft./gai. Up to 12 Minutes
l !
EQUIPMENT SUGGESTIONS
' i L7
; 5 Gallon Pail Dispensing System: -~
J 1. Pump—4:1 double acting ball type check pump, 4 cu. in./cycle 3" air mgtor. -
| 2. Pail Cover required to reduce solvent loss. "
| 55 Gallon Drum Dispensing System: e
1 . 1. Pump—4:1 ratio double acting ball type check pump, 4 cu. in./cycle 3 air motor, Bung style pump.
i,- | Accessories: <
| S
|3 ' 1. Hose—Samuel Moore Synflex hose or eqqivalem. 500 psi workiri,g pressure minimum.
¢ ! Chemical Resistance Requirements: % %
i 1. Synthetic materials in contact with this adhesNe mtfst be resistant to ketones and aromatic solvents. Compar, nylon
J}_ ! and Teflon are suggested.
N
| |
; | Adheswes Coatings and Sealers Division 3cummn
: : 3M CENTER, ST. PAUL, MINN. 55101 FHONE: 733-1110 AREA CODE 612
114
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PERFORMANCE CHARACTERISTICS OF POOR QUALITY

L B m
180° PEEL STRENGTH OVERLAP SHEAR STRENGTH
Canvas/Steel %" Birch/%" Birch |
Time « 75°F.  Test Temp.  Value (Ibs./in. width) |  Test Temp. Value (psi) |
RN e e e S TR T e L e 343
3 days * i 75°F. i a8 75°F. 549
5 days | 75°F. ! 51 150°F. 195
7 days ! 15°F. i 52 180°F. 136
2 wk. | 75°F. H 30 200°F. &5
3 wk. ; 75°F. i 20 225°F. 85 i
after 3 wk. ' — 30°F. i 49 |
after 3 wk. I 150°F. 325
after 3 wk. | 180°F. 26
All test data reponed represent the typical average obtained using the testing procedures described. The typical range, ‘
where applicable, vepresents the range in average values that can be expected on multiple lots of material. |
The data reported portray typical product performance and are not intended to be used for specification limits. Estab-
lishment of specification limits, certification requirements, and the test procedures involved must be reviewed and

i approved by 3M.
i

e AT RIS ISR N GRS T T e e O S GRS e

DIRECTIONS FOR USE

TR g I e mﬂ

SURFACE PREPARATION: Surfaces must be clean, dry and dust free. Wiping with Scotch-Grip Brand Solvent No. 3° !
will aid in removing oil and dirt. For best results, temperature of adhesive and surfaces should be at least 65°F. If stored i
below 30°F., warm up, followed by thorough agitation may be required. |
APPLICATION : Stir well before using. Brush or flow a thin, uniform coat of adhesive on each surface. Allow adhesive to
dry until tacky but so that it does not transfer to your knuckle (maximum dry time about 4 minutes). Assemble materials
with sufficient pressure to insure contact.
DRYING TIME: Bonded parts have high immediate strength to facilitate normal handling. :
CLEAN-UP: Excess adhesive may be removed with Methyl Ethyl Ketone, Toluol, or Scotch-Gnp Solvent No. 2 or 3.
REACTIVATION : Greater immediate strength may be obtained by solvent reactivation. To saivent reactivate, coat both
surfaces with adhesive. Allow to dry tack-free. Lightly wipe one surface with Methyl Ethyl Ketone.® Complete bond within
30 seconds.
*When using solvents for reactivation or clean-up, it is essential that proper precautionary measures for handling such |
maternials be observed. !

brw bl N AR SR I BRARAY R MRS e T 4 T T MR e AN - A m—.-.f
STORAGE AND HANDLING
’wumuo..u IRV D AT T AV IR ST BTG e TR T T e L R ST mq

1
Store product at 60-80°F. for maximum storage life. Higher temperatures reduce normal storage life. Lower temperatures !
cause increased viscosity of a temporary nature. Rotate stock on a “furst in-first out” basis. Upon request, your 3M Adhesives,
Coatings and Sealers Sales Representative will be pleased to advise you of the anticipated shelf life of this product under |
the storage conditions in your plant. !
Clean-up can be accomplished with Methyl Ethyl Ketone, Toluol or Scowch-Grip Brand Solvent No. 2 or 3. When using
solvents for clean-up, it is essential that proper precautionary measures for handling such matenals be observed

ICC SHIPPING CLASSIFICATION : Adhesive Cements. NOI. Red label required.

h:_ ALY A AT AT WO TRV NG s et L - PP e— -
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Keep product and its vapors away from heat, sparks and open flames. The vapors given off from this adhesive will burn,
Contains petroleum distillate. Use only in well ventilated arcas with enough air movement to remove vapors and prevent
vapor buildup. Avoid breathing vapors. Avoid eye contact and prolonged or iepeated contact with skin. Suggested first
aid for eye contact; immediately flush with plenty of water and obtain medical attention. Keep out of reach of children. : *
Keep container closed when not in use

g -
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; A CMITAR O NG HICE TO PURCHASER '
All statements, technical information and recommendations contained herein are based on tests we believe to be reliable, ! e
but the accuracy or completeness thereof is not guaranteed, and the following is made in heu of all warranties, express
|  orimplied: : of et
| Seller's and manufacturer’s only obl gation shall be to replace such quantity of the product proved to be defective. + . 1
5

Neither seller nor manufacturer shall be hable for any imjury loss or damage, direct or consequential. ansing out of the i
use of or the inability to use the product. Before using. user shall determine the suitability of the product for his intended
use, and user assumes all nsk and hability whatsoever in connection therewith !
No statement or recommendation not contained herein shall have any force or effect unless in an agreement signed
b, officers of seller and manufacturer. §
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1
& 1111 CANDIA ROAD
P. O. BOX 237
g ALL CORPORATION MANCHESTER, N. M. 03105
TELEPHONE: A[C 603 4273861
— SUN-LITE SOLAR COLLECTOR COVER MATERIAL
PROPERTIES
TURES :
olar Properties as Good as or Better Than Glass #**UV and Weather Resistant

#%G
#%G
#%E
E

upericr Impact and Shatter Resistance *%Tnert to Chemical Atmosphere
asy Maintenance and Repair **Large Sheet Size Eliminate Joints
conomical (Low Initial and Life Cycle Costs) #*Easily Cut with Hand Tools

#%*Thermal Expansion Matches Aluminum **Light Weight, Yet Rigid
SUN-LITE SUN-LITE
AVERAGE PHYSICAL PROPERTIES METHOD UNITS REGULAR PREMIUM
Solar Energy Transmittance E 424 Method B % 85%-90% 85%-90%
Lstimated Solar Lifetime (1) Years ¥ 20
Thermal Senstitivity (2) @ 200°F Excellent Excellent
@ 300°F Poor Good
lleat Transmittance 5-20 Microns % 10% 10%
Index of Refraction D 542 Ratio 1.54 1.54
Tensile Strength D 638 PSI 16,0006 16,000
I'l axural Strength D 790 PSI 6 24,500 24,500
ral Modulus D 790 PSI x 10 1.0 1.0
She. . Strength D 732 PSI 14,000 14,000
lzod Impact D 256 Ft.1lb./In. 18 18
Water Absorption D 570 % 0.20-0.33 0.20-0.33
Thermal Expansion D 696 (In./In./OF) x 1072 1.4 1.4
Thermal Conductivity C 177 BTU-In./Hr./Ft.2/OF .87 .87
specific Heat D 2766 BTU/1b./OF =35 -39
Specific Gravity D 792 Ratio 1.4 1.4
We ight NBS PS53 0z./Ft.2 2.8-4.7 2.8-4.7
Thickness NBS PS53 Inches .025 or .0u4O .025 or .00
Sheet Size NBS PS53 Feet 4' or 5' wide, up to 1,200 long
NOTE:
1. Tests indicate that Regular Suui-lite will lose about 10% solar transmission in 7

2.

years while Sun-lite Premium should have no appreciable loss for 20 years (estimate).
Sun-lite products are generally not affected by higher temperatures. The resins
will not melt or cold flow since they are thermosetting and reinforced with glass
fibers. The ignition temperature exceeds 900°F. However, continuous exposure at
temperatures exceeding 2000F will cause a slight amber color to appear which will
have only a modest effect (5%) on Sun-lite's properties. Continuous exposure at
3U09F, causes about a 10% decline in solar transmittance in Sun-lite Premium and

a more severe decline in Sun-lite Regular.

Special Sun-lites are now under development to meet additional fire code requirements

and for moist heat applications. Sun-lite Regular and Premium are not recommended
for moist heat applications.

The above information is presented in good faith, but no warranty is expressed or
implied.

Form: SP-33
5/20/75 116
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PRODUCT NAME & & s
GENERAL DESCRIPTION 2 Fa &
CODE NUMBER $ & e s y
NS & $
S S &
4 Tough washable lagging adheswe-coaﬁng. Used
with lagging cloth, c'anvas. and 20 x 20 glass Oto 180 WATER CREAM
. cloth. Needs no additional finish.
oo s gmass Quick-setting, rubber base adhesives for bonding
e E R fibrous glass and acoustical duct wning. For | —20 to 200 | SCLVENT GREEN
1-10. .:1-19 shop use only. BLACK
SUS ADHESIVE Sodium silicate base adhesiwve for bonding cal
2 ATh I cium silicate insulation to itself and to sub 50 to 800 WATER GRAY
11-27. 31-93 strates, and for laggng asbestos cloth.
nE NI A supenor adhesive for bonding insulation to .
HIE RESISTIVE ADHESIVE most st:'ucluul surfaces. Alst; Eued for fittng | —50 to 300 SOLVENT GRAY
i-33 fabrnication, and joint sealing with polyurethane.
Quick setting, water base, thicotropic adhesive
LAGFAS « ADHESIVE for sizing and adhering canvas, glass, and other
81-42W fabrics to msu'ahonl. Wush‘:ib es.msds n‘:n?devov e —50to 180 WATER WHITE
e sistant.
. Water base, vapor barnier adhesive that bonds
~CLD-FAS ' ADHESIVE t| d ty insulations and vapor barrier N
22.08, 32.09 ?;g.sng:z, a.;l"ss'urh;ce:. F"ractccally odorless. 50to 170 WATER BLACK
v 3N Fast drying contact cement for sandwich panel
LB 4S5 CONTACT CEMENT Cl‘.'\s(l'llc'llgﬂ. gondm; !I:uble cellular u'\sulahon. 0to 180 SOLVENT LIGHT
{ L0 MON-FLAIMABLE and whenever two impermeable surfaces are to o AMBER
i be bonded
t AS « ADYES Non-flammable, quick setting rubber based ad
:\{ ARK-FAS .~-,P 1ESIVE hesive for tmm‘lmg:“hhmusl gl.\s‘; and acoustical | —201to 200 | SOLVENT BLACK
85-11 SERY himings on air handling ducts. For shop use cnly.
R - Fast sett bbx dhes: for adhenng low
. STIC-SAFE « ADHESIVE d::\s;:; Iln't‘fm:‘sl m::xl:tuo:s(;eshect metlal and to —20 to 200 SOLVENT AMBER
&5-15 most other construction matenals.
adty g High strength, ter-base adheswve for attaching
J“}(‘ T.‘(‘:_ _'\DHESWE low d:r:su;' Siwous. ingulstion. and duct iner 10 | ~-10 to 180 | WATER WHITE
$5-17, 35-62 painted and unpainted metal surfaces. BLACK
: : Non-flammable, quick-setting adhesive for bond
SPARK-FAS © ADHESIVE ing fibrous insulation ( to 6 Ib. density) to
w5-20 {BRUSH) sheet metal :md alunr\‘m;:'lz. Also for lap sleZImg 20to0 180 SOLVENT OFF WHITE
DRION « CONTACT CEMENT Fontlact cement with hugh imtial strengih. Used 2010 200 | SOLVENT OFF
or lap sealing and bonding two impermeable | —— 0
35-75 NON-FLAMMABLE | surfaces. M'ay be apphed down to .12"}" WHITE
Q&lar [OONT EEALLANTS
\ b
FOAMSEAL « Vapor barrier joint sealant that remains flexible
10.45 L& SEALANT and will no.l shrink or crack. Also used for flash- | =100 to 300 | SOLVENT GRAY
; ng, and bedding cellular glass.
In Moisture vapor barrier joint sealant and bedding
,“SI_JLAUON SEALANT compound. Solvent free, suitable for use with | —50 to 200 NONE GRAY
6 polystyrene and other insulations.
: Elastomenc vapor barrier joint sealant and flash
‘l_'\STOL_AR SEALANT ing compound. For msx.llatlnon. masonry, metal | — 100 to 250 SOLVENT ALUMINUM
5 44, 95-49 jacketing and low velocity ducts. Fast drying. WHITE

R Seallas, Laglas, Spark-Fas, Stic-Sale,

Kold-Fas, Jac-Tac, Drion, Foamseal, are

roglatered Trademarks of H B Fuller Company 1
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; i R " d F' E ' ALL DIMENSIONS IN INCHES
L _ oiie ange ye Ets PHOTOGRAPHS - ACTUAL SIZE
&0 # LENGTH IS UNDER FLANGE
1 {
! 8
al - Y soamon. [ ] W00 375/.435 0.. 1
| ongs  |.: 245 LONG® g
{ o : FLANGE |
| 468 FLANGE | -° G 705 FLANGE ¥
p A297 020 METAL o i -t 013 METAL |
-, N '"'§ 170 LONG® .375/.350 0.0 3y
i me LB ank i
U ! as mee [ A" Y o0 uew 705 FLANGE 18
aess oo MEL aslens ‘ E
_ 9 . g 3 341 0.0, r U 3
j 2 "4 -220 LONG® ‘T E |
1 332 0.0. |} A8 FLANGE 'g; Bb%r;' %
— -9 o A1490 . g |-
LYy y 128 Lovee o S e 020 METAL 687 FLANGE B
\ = a -(5;3 :a":f R 036 METAL %
nso0 1 34 oo -
: “-1 215 Long® e
s | 2 - -4’ . ,1'3 488 FUNGE .335/.3350.0. ‘.
: - .7 335/.2550.D. o -4 i oy 305 LONG*® 2k
| @ { 119 Longe Tl B 705 FLANGE L
"1 448 FLANGE L B B 013 METAL b -
P3O Werdiiminlll Fo 3 Il
. ; ©§ 3a1 oD . 1
; — —— g ' ! 403 LONG®  .385/.3550.0.7° 'l
p ool . o 335 0.0 ' .} AT0 FLANGE ; 305 LONG* B
i "3 vt . -1 018 METAL 705 FLANGE 1
SO o e . A9 - 013 METAL 1!
AI9S0 s 1 945 FLANGE I : Rolled {
! .., 009 METAL A . ' .343 0. ‘ F|ange |
] 5 &'L; 230 LONG* * .385/.3550.D. :
: ( R E— _ . 5% FLANGE © 308 LONG*
F+ TLoasamon. | oams ) 013 MEAL 56 rance | 330
! E . 233 LONG* = a 013 METAL to
g -350 :MGE L © s on X 306
\se3 ;014 METAL @ - 150 LONG® o
e s 468 FLANGE ;390 0.D.
vle  Tang i . 009 METAL .260 LONG®
‘ L "1‘3:/123:(?-'0' L. e 580 FLANGE
d’;‘) i . @ 012 METAL
T Avoss dk i M5 FLANGE . -346 0.0.
’ 4 013 METAL +- 3 .325 LONG*
. o~ - 450 FLANGE .
: Ateso . g 013 METAL T . .332: f(.)l:‘.c.
<Tw .30 0D — ~ ":‘] ©7 384 0. et
. 243 LONG* AL 350 0.D. . . © 335 LONG® progieeny
.600 FLANGE 080 LONG* ) .593 FLANGE ’
Aligo % 013 METAL " Atosy . AB8 FLANGE | . Az : 016 METAL
et 016- METAL -
: ; * (R - % '_ .394 O.D.
| o 341 0.D. _ . & 7 .~ 3715 0.0. .347 LONG*
| &|a 10 Lo ‘ 350 00. @ 105 LONG® 880 FLANGE
i AT&79 A68 FLANGE _ 187 LONG 705 FLANGE 036 METAL
| , ’ 020 METAL — 592 FLANGE Ai340 ¥ 010 METAL
; A7as 016 METAL
| _ 341 0. s 300 oD - 315 0. " 3% oD
] Ao 120 wowe ' 335 LONG® A 0 we 325 LONG®
SR ATIS0 468 FLANGE 595 FLANGE == 525 FLANGE 745 FLANGE
Y] 020 METAL e 013 METAL (AMeS - 029 METAL 010 METAL
3 f':( jee page 66 to 69 for matching telescoping eyelet or neck washer.
B
¥
\‘ } BAYPORT, NEW YORK 11705 tl m s o n POMPANO BEACH, FLA. 33060
& | (516) 472-2000 co. §f fnc. > (305) 946-3500
| .
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K & K CHEMICALS,

AL PAGE 15

e QUALITY

POOR

INC.

70 ROXBORO ROAD e LAWRENCEVILLE, N, J. 08648
TELEPHONE:

TABLE |

Typical Properti:s

L’ IS Ol
. § |
B S SRS IS RS

(609) 396-0061

R DU TN | &

FEED WATER & COOLINL "OWER CHEMICALS
MAINTENANCE CHEMICALS ® EPOxvCOATINGS

POLYURETHANKS @ In 'USTRIAL FLOORS

(mixed 1:1 4 : :
by weight) Component . 305-1 Component :05-2
Color Blue = Clear Arber Blue
Consistency Medium - Heavy Syrup Medium Syrup Heavy Syrup ‘
Viscosity (77°F) (25°C) — 10,000 - 18,000 20,000 - 45,000 cps
(10-18N SIM?2) (20 - 45N.$/M-'r !
Solids Contant 97 10 99 Percent 99 to 100 percent 96 10 99 Pérce'\t F‘
Specitic Gravity 106 114-1-8 0.97 '
Weight (Lbs /Gal.) 88-89 96-98 79-81 {'
(Kg/M3) 1054 - 1066 1150 - 1174 947 - 971 ¥
Flash Point ' Non-flammable Non-flammable Non-flammable i
Shell Life —_ More than 1 year More than 1 year f‘
Working Lile 3 ;‘
(11b batchi 1%2 10 2 hours —_— !
__ TABLE Nl
Test Resull; : g’
Alternate A Genera! Purpose Alternate
Ratio A Ratio ; Ratio B
Mixing Ratio 2 parts 305-1 1 part 395-1 1 part 305-*
(By Weight) 1 part 305-2 1 part 315-2 2 parts 305-2
Hardness (Shore D) 87 85 s 57

Rubber 10 Metal

Peel Strength (Lbs/In. at 77°F ) (25°C)

SBR Elastomer to Steel

Neoprene to Steel

Metal to Metal

! 176 (30.8N/mm)
107 (18.7N/mm)

188 (32.9N/mm)
Qg (17 3N/mm)

Shear Strer:gth (psi at 77°F) (25°C)

Aluminum to Aluminum

Steel to Steel

Gardner Labs
Impact Strength

2610 (17995N/rmm)
1946 (13417N/mm)

160 inch pounds at 77°F. (25°2) Fail s Pass
160 inch pounds at -22°F.(-29°C.) Fail Far'

2720 (16753N/mm)
2366 (1€ 313N/mm)

60 (10.5N/mm)
93 (16.3N/mm)

1932 (1332 N/mm)
1616 (1114, "¥/mm)

Pass

Pass
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-_Surface-Preparation:

R b 1111 CANDIA ROAD
: . P. O. BOX 237
WALL CORPCRATION. MANCHESTER. N. H. 03105
) @ = TELEPHONE: AJC 603 627-3841 »
v ' - KAL - LAC

- -
NEC SRR
o 4 :‘

Kal—lac is a transparent air drying coating material for fiberglass
reinforced polyester material. Kal-lac will restore the original luster
and finish of such material which may have become dulled or roughened

by prolonged exposure to the weather. : A o

{ \

-— -

Using general grade, very fine type a Scotch Brite,

o aroar rub the exposed surface moderately, until the free
v expcesed fibers and embedded dirt are removed.

AT Wet down the panel with clear water to rinse off

e et loose surface [ibers and dirt. Allow to dry thoroughly

.a,.‘

;Appllcatao1. Use Kal-lac as supplied without dilution. Appllcatlon
o8 e e _ by roller coater is an inexpensive and efficient method.
T e The core of the voller should be impregnated cardboard.
i §puf Plastic cobes will soften in the Kal-lac. A minimum
g dried thickness of 1.0_mil is recommended. It will

probably be necessary to apply two liberal coats, and
possibly a third coat to the more severly weathered sheets
= v but —im any—case, cuough Kal-lac must be applied to give
i - a vlossy finish to the entirve surface when dry. Allow
adequate drying time between coats.

ﬂgyiﬁé Time: Kal-lac will dry to tack-free condition within 5-10
- minutes. Maximum hardness is attained at 10 to 15
hours at room temperature.

o>
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.Equipment Cleanup: Methylethyl Ko*one (MEK), Acetone, or lacquer thinner.
- ) s will satisfactorilyv clean up the appllcatlon uqulpment..
" Precautions: Kal-lac contains flammable liquids and should be .
. kept away (rom open Flames., Provide, jdequate
it e : ventilation. Prolonged bxeathlng_of vapors should be
4 : avoided. : 2 .
: ; ,u'-" -’ 7
Cleaning Kal-lac .~ 3 e
Coated Panels Commer01a11y availabie dutetgents are sat1sfacto;, _
e 4 Do not use’ Ketone babed sulvents, gasoline, lacquer ‘
--%, ¥ thinner, or other ptttoleum ‘based, materlals. 2 ' v
The 1nfbrmat10n contalned hezc1n is presented i Jbod Falth " No warranty ° !
- 9r guarantee expressed or implied is made regarding the- performance or stability
of the product, since the manner of use and CUndltlonq -of stora5e and handling
are beyond our control. | |]f” ﬁ Rl b ;pa
- 0wl ilh[ ”“, H‘][H 1(’ 14
-5 ‘ "
g - it "‘\'J
2/1/75 Eﬂ“ .L, s ‘p«
KALWALL TRANSLUCENT PAMELS =+ SKY!IGHTS -‘tNH 'JN” \N.‘\LLS f
' ¥ 120 5 g
£ e Y - ﬁ. " Sl { iy
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1. . CENTER FOR INDUSTRIAL AND INSTITUTIONAL DEVELOPMENT | ‘
! 1
g
1
;
TOXICITY OF SMOKE FRO { BUENINC
KAL-LITE PANE .S =1 i}
i :
E
4
| &
g
for 1 ..%
Kalwall Corporat:ion = »’3
88 Pine Street ﬂ ,f 1
Manchester, N. I. o j
03101 Sk J
By : g
Laurance E. Webber, P. E. i l %
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TOXICITY OF SMOKE FROM BURNING AL-LITE PANELS

PURPOSE . B

To conduct a toxicity test of the products of combustion of Kal- ‘ i
lite as manufactured by Kalwall Corporation, Manchester, New Hampshire.

Since there is no standard test for measuring the toxicity of smoke
from burning plastics, we followed a test which we believe is indicative

of the hazard to be expected from burning fiberglass reinforced polyester

(Fe?) plastic. Obviously, the carbon monoxide usually generated by
imited-oxygen burning can be lethal, and the smoke can displace the air %
(oxygen) from the area, but in this test we were concerned with the toxic

eZfects of breathing the smoke generated by the burning FRP. f

PRCCEDURE

Six female albino rats of the CD strain (Sprague-Dolly descendants)
azed 65 days and weighing between 150 and 200 grams were the subjects of |
the experiment. The rats were placed in a clear plastic cylinder 14" in &
diametexr and 8" high. The cylinder was covered except for three 1/4" |

heoles in the top. The bottom consisted of 1/4"™ mesh hardware cloth. ; l
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Pieces of the plastic sheets were burned about 2 feet away from the test
cylirnder and the smoke was led into the chamber through a 3" gaivanized | 3
pipe. (This was done to prevent and discomfort to the rats that might i : %
have resulted from hot wire in contact with their feet.) The density of o= '
smoke was quickly built up to a point at which the rats could only be
hazily seen and the other side of the chamber could not be seen. The

sotrce of smoke was cut off at this point and no wmore was added. The
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atmosphere remained hazy for over one-half an hour.
Six other female albino rats of the sam¢ strair and ancestry, and
of the same 65 days of age, were similarly subjected to smoke generated

'by burning a mixture of paper and wood.

CCNCLUSION

The rats exposed to the FRP smoke showecd no signs of distress and/or
abnormality and were returned to their lab cages 1 hour after the start
of the smoke exposure. When examined 120 hours later, none of the rats
exhibited any signs of reaction to their e:.posure to the smoke from this
burning FRP.

The rats exposed to the combination paper and wood smoke likewise
showed no signs of distress and/or abnormaility and were returned to their
lab cages 1 hour after the start of the smcke exposure. When examined 72
nours later, none of the rats exhibited any signs of reaction to their
exzosure to the smoke from this burning woed and paper.

In these tests, the smoke from the FRP caused no different reacticn
i the rats than was caused by the smoke fiom wood and paper.

Respectfully submitted,

A & Ll

Laurancc E. Webber, P.E.

Associate Director

Research Professor
University of New Hampshire

Lab Peport No. K-101

- June 19, 1973
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the fire-resistant properties of
KALWALL® TRANSLUCENT WALLS

Translucent Kalwall's sandw.ch construction - two
face sheets of fiberglass bonded to an alu.ninum grid
core - presents an outstanding practical fire barrier.
Under direct exposure to flame, Kalwall will usually
prevent the spread of fire to other parts of a building.
Kalwall cannot shatter or otherwise endanger persons
or property, and Kalwall's faces contribute a mini-

+-hour fire test .. ..

An independent laboratory tested samples of window
glass and standard Kalwall which were individually
mounted in the front opening of a chamber enclosing
an oil burner. A lire was maintained at a temperature
of approximately 1,200°F. While the glass samples
cracked and burst out of the frame in less than tive
minutes, the fire had not burned through the outside
of Kalwall after a period exceeding (our hours.

“the table at right points out that the exterion face
of the Kalwall sample never attained a sulficient
temperature to ignite.  This is a direct result of
Kalwall's sandwich construction.  The plastic resin

mum amouni of fuel to a fire.

-

A summary of the results of extesive testing by
independent laboratories and by kilwall Corpora
tion is presented below as a guide to the fire
resistant properties of Kalwall.

in the face exposed to the flame was consumed;
however, the fircproof fiberglass mat remained bon-
ded to the grid, thus preventing the (lame from
reaching the exterior face.
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high ignition temperatures . . . .

The temperature required to ignite the resin i
Kalwall's face material is 630°F, when tested i
accordance to ASTMDI929* . This significantly
higher than that Tor many materials commonly tound
in o buwlding.  The graph shows that Kalwall's
ignition temperature is about 100% greater than that
ol wood, common plastics, curtan material and
paper.

* Other 1ests show remps as high as SSIPF

tunnel tests....

Leveral categories ol interior Hame resistance and
smioke development by ASTM E 84 Tunnel Tests
are available to meet the requirements of various
local building codes. Flame sprecads down to and

———

%
EALWALL
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ey
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Masteripl

including 25 are possible,  Standard panels meet
most building codes and are normally acceptable.
Consult Technical Services Department i assistance
is required.
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buin rate....

The tace sheets of Kalwall panels have 4 burn rate
ob less than 1 inches per minate by ASIM D 635,
This s a test desighed to measure the response ol
plastics  to tire under laboratory conditions and
corehition with flammability under actual use con-
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ditions s not nece sarily implied.  However, many
national and model huilding codes use a buin rate ol
less than 2/ inch s per nunute by this test as
mimmum stand.ad for approved plastics.

class "2 burning brand test .. ..

ASIM |
retardant characteristics ol tool covermgs agaimst hie
ongimating outside the buitldime on winch they e
installed.  Insulated Kalwall pancls will pass the e
quitement ot a cass AT Burnimz Brand.

108 18 a4 test designed to measure the Tae

A burning wooden brand 127 8 127 1 2 3/8" was

Do

In the case of a fire, the plastic resin in Kalwall's
faces will contribute very hittle tuel o 0 0 an fact,
hardly more than several coats of paint on a masonry
wall, or  the draperies commonly lound behind

windows,  And unlike common glazing materials,

a case history ...

The enclosed mall ol 4 shopping center under
construction in London, Ontario, Canada featured
translucent Kalwall in a clerestory application. Dur-
ing the tinal stages ol construction, a welder's spark
caused a tire in the build-up asphalt rool adjacent to
the Kalwall,  Spreading rapidly across the roof the
flames threatened to create extensive damage within
the building. But the Kalwall contained ihe tie, pre-
f"t‘nlmg it tro nentering the buillding,

phiced on oa Kalwall panel. The thanes were Tanned
by o P 2mph o waind, The brand voas allowed to buin

untd it completels burned ot

Although  the under side ol the Kalwall pancls
smohaed, no dlames or doppings were observed on
the under sude ot the Ka'wall panel.

non-combustible materials .. shatterproof

Kalwall will not shatter or explode from its trame

does not present a possible haz rd to nearby
persons. We do tavor the use ol sprinklers for tire
protection whenever practical,

Both the .rchitee and contractor attribute .
relatively Iow Toss o Kalwall's fire-resistant prop
ties.  The architect states: It s estimated i 1
durmage cou 'd easily have umounted to $1,000,000
Aalwall hac not been used in the ubove mention:
wreas. ' Less than 7% of this amount was actung
lnsl,

“(Name and address of building, architect and -~ on-
tractor availible on request).

.-

For complete nformation on Kalwall Translucent Walls, see our catalog in Sweet’s Architectural File

KALWALL® CORPORATION

I CANDEY ROAD MANCHTISTER . NEW  HEAMP HIRE
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SURF..Cc. EROSION

.

one of the weathering factors that should be considered for mainten- :
(snce of long term performance is surface erosion. Surface erosion is the E
actual physical wearing away and oxidation of the surface. The result is
exposed fibers on the surface sometimes called "fiber bloom". In order
to measure the amount of surface erosion, measurements were taken with a
Clevite 1200 Surfanalyzer. Both average roughness and peak-to-valley

: }
roughness were measured.

First consider average surface roughness (the average magnitude of

ol bk

all surface irreqularities reported in micrcinches or 1/1,600,000 of an
inch). The surface erosion for material #1 is not noticeable for the first '{)

1
three years of outdoor weathering in South Florida. However, at the end of

s

four years, some surface roughness was roticeable, and after five years,

there was abont 55 microinches of average erosion. A standard grade of

T Gam STm——

fiberglass can have more than 105 microinches of average erosion after only
“two years of South Florida exposure. (Fig. 6) In order to halt this kind
of surface erosion, a proprietary high temperature coating manufactured by

Kalwall Corporation called Kalwall Weatherable Surface can be applied.

After five years of weathering exposure, only 14 microinches (hardly no-

ticeable to the human eye) of average erosion was measured on material #1

with this coating. (Material #1W). A more dramatic measurement is of
peak-to-valley roughness. (Fig. 7) |
Using peak-to-valley measurements instead of average measurements,
material #1 showed a maximum roughness of approximately 300 microinches
change, while the coated sample showed only 100 microinches. Both samples

had peen weathered for five years in South Florida. A standard grade sheet

A ——————
-

can have more than 1,000 microinches of erosion after only two years to

sy B <3 BT

this same exposure.
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THERMAL DEGRADATION

In most efficiently operating flat plate collectors the cover tempera-
ture will not be above 200°F; therefore, tests were conducted on ‘samples
continuously aged in a 200°F oven for 1 year. The drop in solar energy
transmission for both material #1 and material #2 was approximately equal
(about 10%). However, the standard grade sheet lost more than 504 solar
energy transmission in one year of continuous exposure. (Fig. 4)

Cover plate temperatures higher than 200°F may occur during stagna-
tion in collectors with improperly designed venting systems. Stagnation
temperatures occur when no fluid (water or air) is flowing through the col-
lector. For example, with 300 BTU/sg. ft./hr. insolation, the absorber
plate could reach 380° and the inner cover of a double cover could reach

50 if the outside temperature is 60°. For this reason, short term tests
were conducted at 300°F. (Fig. 5)

After 300 hours (equal to 10 hr./day for 30 days), material #1 lost
only 2% solar energy transmission, while material #2 lost 4%. Extending
the test to 5,000 hours, material #1 lost approximately 10% solar energy
transmission at 300°F. Material #2 lost 22% and standard grade material

lost 40% under the same conditions.
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SOLAR ENERGY TRANSMISSION

SOLAR ENERGY TRANSMISSION

ORIGINAL PAGE IS
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THERMAL DEGRADATION
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ULTRAVIOLET DEGRADATION

Degradation due to ultraviolet radiation has long been of great con-
s7ern to those people designing or using products exposed to sunlight. Re-
searchers in the FRP industry have come a long way in retarding ultraviolet
degradation. A typiéal non-light stabilized general purpose polyester can
lose more than 15% transmission in just 50 hours of exposure to a sun lamp.
One of the earliest attempts to improve the UV resistance of polyester was
to add ordinary aspirin as a light‘stabilizing additive. Afier 50 hours
exposure to a sun lamp, a general purpose polyester will only lose 5% trans-
mission if aspirin is added as a light stabilizer.

Obviously, today's researchers have gone much beyond aspirin in the
field of light stabilization. Altering the polyester backbone (modifying
the glycols and acids which make up polyester), adding acrylic, adding
sophisticated light stabilizers, and applying syecial coatings or films
are necessary to produce a quality solar collector cover.

In order to facilitate research into UV degradation, several different
weatherometers were developed and are in general use today. The most common
are the Fluorescent,'Carbon Arc, and Xenon weatherometer. The Fluorescent
weatherometer has a high concentration of UV and causes more severe changes
than the Carbon Arc or Xenon weatherometer.

Although it is extremely difficult to correlate weatherometer hours
to real time outdoors, many researchers use 250-400 weatherometer hours as
approximately 1 year actual weathering. (2,000 hr.=approx. 5 yrs. real
time.)

Samples were exposed in a fluorescent weatherometer for 2,000 hrs.

Color change (AE) and light transmission readings were taken at 500 hr.

intervals.

COLOR CHANGE - Measurements were taken in accordance with ASTM D 2244
ﬁnhefial'#l had a color change of 3.5 after 2,000 hours. Material #2 had a
color change of 10. Depending on formulation, a standard grade FRP sheet

could have a total color change of around 28. (Fig. 2)
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In order to verify the weatherometer results, color change measure-
ments were taken on a sample of material #1 weathered in South Florida
for 5 years. The color charng2 was found to be 4.4. (A specially coated
prece of material #1 had a color change of only 1.1!)

South facing exposures in South Florida are considered the most severe

natural environment in the United States because of large quantities of

LIGHT TRANSMISSION

COLOR CHANGE Fl:/?ORESCENT WEATHEROMETER

sunlight, heat, and moisture.

(Fig. 3)
FLUORESCENT WEATHEROMETER 100
MATERIAL |
(Fig. 2) 90 .-:.’-,.,-,',-’.-.-.-.-.-.-.-.---'-.-.-'-'
(’ 80 “‘ '0001'0'00100',"" .
[ 4Ly MATERIAL | o, ’
~ -._-. ll"l’o"","" LY MATERIAL 2
0 e ~.....-.. PO rr vy 70 §“
- ~o~.~ ...-----..--~ (;D) 60 %, MATERIAL 3
'~.~.~ MATERIAL 2 ";’ 50
15 .'"s 3
S = 40
P ‘~, —
~.
o5 MATERIAL 3 S, § 30 |
S, 20 '
30 1 L 1 1
500 1000 1500 2000 - 10
HOURS IN FLUORESCENT WEATHEROMETER A 2 A 4
500 1000 1500 2000

HOURS IN FLUORESCENT WEATHEROMETER

LIGHT TRANSMISSION - Light transmission measurements were taken on

the same weatherometer specimens. Material #1 lost only 3% light trans-

mission after 2,000 hours, while material #2 lost 11%. A standard grade

fiberglass reinforced polyester can lose up to 20% light transmission in
only 500 hours exposure time. (Fig. 3)

It is apparent from the above data that it is extremely important to
consider the grade of fiberglass reinforced polyester when trying to de-
ciase ultraviolet degradation. Another area of extreme importance for

solar collector covers is thermal degradation.
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IMPACT RESISTANCE

Embrittlement is often of great concern to people using plastics.
Ope of the major reasons fiberglass reinforced polyester is used as a
solar collector cover is its remarkable impact strength and shatter re-
sistance. Unlike glass, which can be easily broken into dangerously sharp
pieces,; fibergylass reinforced polyester is completely shatter resistant.
The best way to measure impact resistaﬁce for solar collector covers is
to use the falling ball method.

To prove fiberglass does not lose its remarkable impact strength after
many years of outdoor exposure, a 14 year old sample was taken from a
building and tested. The control (un-weathered) sample required 25 foot
pounds, (6.4 pound steel ball dropped from 4 feet) to cause a rupture of
the material while the 14 year old sample required 32 foot pounds (6.4
pounds from 5 feet) to cause rupture. (Fig. 8).

Low temperature inpact does not cause a problem. Tests have been
conducted on fiberglass reinforced polyester at -40 F, and the results

showed almost a 50% increase in the dynamic load required to cause failure.

IMPACT STRENGTH
(SHATTER RESISTANCE)

(Fig. 8)

50 3/,DIA STEEL BALL
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a
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THERMAL SHOCK

The final property to be considered for a solar collector cover to
be able to withstand the effects of weathering is thermal shock. Many ‘:: ;
times during the life of a solar collector, a rain storm or other rapid
change in temperature may cause a severe thermal shock to a hea#ed col-
lector. To test fiberglass reinforced polyester's resistance to thermal

» shock, a sample was heated to 300 F and then gquickly submerged in cold

Nk i fe il

water. The thermal shock did not cause any harmful effects or noticeable

degradation.

SUMMARY

It has been shown that high grades of fiberglass reinforced polyester H1
exhibit excellent weatherability. Critical properties for solar collector
covers such as solar energy transmission, ultraviolet and thermal degrada-

tion resistance, erosion resistance, impact resistance, low temperatures,

b
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and thermal shock have been examined and shkown to be highly acceptable foC ‘

,, 44
——

safe and efficient use in the solar industry.

Special thanks are extended to the American Cyanamid Company and

e SR S R S S

Owens-Corning Fiberglas Corporation for their generous technical assist-

ance and testing.
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BIOGRAPHY

James S. White, Product Development Manager for Kalwall Corporation, one of the
leaders in research and development of fiberglass reinforced plastics for over 25 years,
has been involved in the development of special FRP products for the past 8 years, in-
cluding the development of the accepted industry testing procedures for load/deflection,
shatter resistance, and the visual rating system for weathered FRP.

TR, VT T T e e b L Y AR T
-

Mr. White is a registered professional engineer and an active member of the Society
of the Plastics Industries, the Society of Plastics Engineers, American Society for
Testing and Materials, Solar Energy Industries Association, and the American Society of
Heating, Refrigeration and Air-Conditioning Engineers.
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To Vhow It May Concern: _ _ >

The face sheets of Kalwall panels are made of Orthophthalic
nalyaster r2inforced vich fiberglass. These are general purgose
polyasters and completely crosslinked.

Polyestar reinforced fiberglass sheets shruc off most harsh |
acids, alkalies and fumes. The enclo:ad test report shows the
specitic reaction of poljester relnforced fiberglass sheets to
fifty different chemicals,

JSy/ir
enclosures

March 24, 1975 . b=

i

Jame S. Vhite
Tech ical Services !'anager

= .‘.‘im‘.xua'_n.h,-‘ e R kst Lt
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ASTM D 543-67

Significance "

The limitations of the results obtained from this test shculd be recoqnized.

The choice of t pes and ccncentrations of recegents, duration of emersion,
temperature of the test, and properties to be reported is necessarily arbit-
rary. Correlation of test results with actual performiance or serviceability
of plastics is dependent upon the similarity between the testing and in-use
conditions. It should be noted that both :emperature and concentration have

substential effects on chemical resistance

Procedure
Specimens are emersed in the chemical reag:nts for seven days at room
temperature. The reagents are stirred eve 'y 24 hours by moderate manual

rotation of the containers. A visual exam nation is used to detect the effects

of each of the chemical reagents.

Test Specimens

Three specimens 4" x 1" by varying *hickne:ses vere used for each mate~ial

tested and for each reagent invol:ed.

Results

See chart

U.S. Testing Company
Report No. LA 57135
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_¢§" Chemical Standard

%
| Acetic Acid
(Glacial) F
Acetic Acid 5% A
Acetone CiF:K
Ammonium Hy- 2
droxide 28% C;D;F
: Ammonium Hy-
: droxide 10% F ‘
'ﬁf Aniline X
Benzene C
Carbon Tetra-
chloride A
_ Chromic Acid 40% B3F
.
» Citric Acid 10% : A
Cottonseed. 0i1 A
- Detergent’
? : 4 Solution 1/4% A
; Diethyl Ether C
|
‘ Formamide €:E:6:K
g :
‘ [ o Distilled Water F;K
| :
’ Ethyl Acetate F
: ; Ethyl Alcohol
g T 95% F i
{ : Ethyl Alcohol
50% FiK )
Ethylene
Dichloride : X =
Ethylhexyl
Sebacate A F
Legend: A - No effect D - Yelloved G -Swelliri1 K - Blistered
B - Decreased opacity E - Stair H - Brittl2 X - Destroyed

C - Increased opacity F - Interaal Fiberbloom J - (razed
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Legend:

A - No effect

? gy { ” B - |
] ‘ S ‘_ sk i 1 1[ i l a_?_ LN.J -,«..Lb:,-,l.u l'z %
ORIGINAL PAGE IS
OF POOR QUALITY
Chemical 5tandard
Heptane A
Hydrochleric
Acid 37% Bk
Hydrochloric
Acid 10% A
Hydrofluoric
Acid 40% C;F;H;3K
Hydrogen
Peroxide 28% A
Hydrouen
Peroxide 3% A
Isooctane A
Kerosine A
Methyl Alcohol F;K
Mineral A
Nitric Acid 70% D;F;K
Nictric Acid 40% A
Nitric Acid 10% A
Oleic Acid A
0live 0il A
Phenol 5% Fit
Soap Solution 1% A
Sodium Car-
bonate 20% A
Sodium Car-
bonate 2% A
Sodium Chloride
10% A

D - Yellowed

B - Decreased opacity E - Stain
C - Increased opacity F - Internal Fiberbloom J - Crazed
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G - Swelling K - Blistered
H - Brittle X - Destroyed
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> Chemical Stanc ird
Sod _n Hy-
droxide 60% C

Sodium Hy-

1 . droxide 10% C;F 1
1 Sodium Hy- | :i
droxide 1% A |

g

Sodium Hy- f‘ |

pochlorite 5% A , §

- B}

Sulfuric Acid l i

Sulfuric /cid : i

30% BgE E 8

| B =

Sulfuric Acid 5 5

3% C;F 3 i

Toluene C;F;:K : K i

Transformer Gl F3Jd3K é ; ;

P =

Turpentine A i | f

&

R

7

R

i

R

b v

:

:

;

Legend: A - No effect D - Yellowed G - Swelling K - Blistered ,}
B - Decreased opacity E = Stain H - Brittle X - Destroyed :
C - Increased opacity F - Internal Fiberbloom J - Crazed
:
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SHATTER RESISTANCE . OF POOR QUALITY &

BY THE FALLING BALL METHOD

This test was conducted to determine the shatter resistance of
fiberglass reinforced polyester panels. 'The test panels were mounted in ;

a manner simulating use and a 3 1/2-inch diameter steel ball was used.

9.1.1 Method B of the SPJ Shatter Resistance was followed.

fie ahes -

9.1.2 There were five test specimens 16" x 16" of each type material.

Type I material was clear and Type II material was clear.

V.2

(RN
—

No commercial designation. Company -- Kalwall Corporation--(D)

9.1.2.2 Type I material had an average thickness of .044 inches and an

>

Lhareg gt o el B Tl b L ag B B bl s R M

ke

average weight of 5.0 ounces per square foot. Type II material ’

had an average thickness of .061 inches and an average weight of

6.9 ounces per square foot. (See data sheet.)

_— -

9.1.4 The average distance the ball was dropped to produce failure
for Type I material was 12 feet. The average distance the ball

was dropped to produce failure for Type Il material was 16 1/2
feet.

9: 15 The average diameter of the hole for Type I material was approxi-
mately 5 inches. The average diameter of the hole for Type II !

material was approximately 5 inches. 2
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PATR SHRELET

TEST: FALLING BALL

MATERIAL: COMPANY D :
Panel Panel Pane Panel Panel Avg. E
1 2 3 4 5 3
Weight, 0z. g0 &8 84 v B3 B9 1
Type 1 {
Thickness, In. .044 .044 .043 .044 .043 .044 ‘
Weight, 0z.. 12.1 12.4 12.1 2. b T ) S ]
Type 11 Thickness, In. .058 .063 .059 .060 .064 .061 | 53
Type I Type 11 3
Distance Panel Panel Ponel Panel Panel Panel Panel Panel Panel Panel 1
Bt 1 2 3 [ JE 1 2 3 4 5 :
2 0K 0K F
1
3 0K 0K 3
4 0K 0K ‘
5 0K 0K "
6 0K : 0K
7 PULL PULL OK 0K .
ouT ouT
8 0K 0K
9 0K RUP. OK
Sll
18 0K Long 0K
11 PULL PULL 2 0K
ouT OouT | &
12 FAIL RUP. OK |
4 ]/2“ 5“
13 - . 8. - Long OK
Avg.
14 0K f
15 0K
A
16 PULL FAIL OK i
o 8 %
17 Dia. PULL §
Avg. OUT ]
0 =
o {
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CAL-ZORB 3968

CAL-ZORB 3968 is a black, flexible, heat absorbing coating designsd for use in
solar heating equipment. It makes excellent bond to vinyl or vinyl containing
materials such as ABS plastics. When catalyzed with CAL-ZORB 4562 its bond
strength improves to a wide variety of substrates and its heat resistance is
in excess of 200UF,

PHYSICAL CHARACTERISTICS

ORIGINAL PAGE 13
1. Dires to a dull, black, tack-free heat absorbing coating. (F POOR QU ALITY
2. High film strength.

3. Flexible through wide temperature extremes,

TECHNICAL SPECIFICATION

Base Catalyst
BASE: Polyurethane Isocyanate
COLOR: Black Clear
SOLVENTS: MEK, MIBK, Toluene MEK Toluene
SOLIDS: 22.5% 55.75%
VISCOSITY: 1800-2000 Cps,RVF Brookfield -

#5 Spindle @10 RPM
WEIGHT/GALLON: 7.39 Pounds 8.76 Pounds
SPECIFIC GRAVITY .886 1.05

PREPARATION OF SUBSTRATES:

Surfaces should be free of dust and oil to obtain maximum bond strength,
Solvent washing or abrading is recommended where feasible.

METHOD OF APPLICATION

Before using, mix thoroughly 10 parts of CAL-ZORB 3968 with 1 part of CAL-ZORB
4562 by volume. The blend should be stirred sufficiently long to insure a
homogenous dispersion. The ratio of 3968 to 4562 can be varied to reduce the
extent of cure and extend pot life and exact ratio is not critical.

MANUFACTURING CORPORATION
cnhmnc fBox 710. 150 S Van Brunt St.. Englewood, N.J. 07631 » (201) 569-0420 e (212) 586- 5178
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CAL-ZORB 4562
Page 2

Brush or coat the mixed system and allow te dry thoroughly. Drying is
relatively slow to provide a bubble free film. Ultimate bond strength
will be reached in approximately 24 hours, however, the bond or coating
may be heated to affect a quick cure after solvent evaporation. Typical
cycle is 30 minutes.@2000F,

CLEANING AND THINNER:

Methyl Ethyl Ketone

PRECAUTTONARY DATA:

These two products are extremely flammable. Vapors may cause flash fires.
Vapors may ignite explosively under certain conditions. Keep away from
fire, sparks, and sources of heat. Open all doors and windows. Extinguish
all flames and pilot lights. Turn off electric motors, stoves, or heaters,
or any source of ignition during use and until all vapors have been dis-
persed. Do not smoke. Close containers after use,

FLASH POINT:  CAL-ZORB 3968- 22°F T.C.C.
CAL-ZORB 4562- 229F T.C.C.

TOLERANCE LIMIT VALUE: 100 Parts per million in air.

USE WITH ADEQUATE VENTILATION

AVOID PROLONGED BREATHING OF VAPORS

AVOID PROLONGED AND REPEATED CONTACT WITH SKIN

KEEP OUT OF REACH OF CHILDREN

STORE AT TEMPERATURES OF 900F OR BELOW FOR MAXIMUM SHELF LIFE

——
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Collector Installation, Operation and Service Manual
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INDEX This Technical Guide is written to provide a 1
complete and comprehensive procedure for the 3
installation of the SUNMAT Solar Collector, It is . E
A. General...... sin nisainialvie sle sieis 1o’ ST WpETeTEe 2 not the intent of this guide to exclude sound and 4
B, Collector Sizing .coecccacocosstsnnnes - proven methods of installation by contractors who _
C. Damage in Transit ........ccivvvnnen ofe 8 have, through experience and past performance, ! 1
D. System Deslgn....cocvecevscsasvecocnne 2 develuped an efficient method of installation ! i3
E. Installation ... cecsecssscancrcnsscnses 3 expertise. )
F. Repairs and Maintenance .............. 3
G BpoCHICBYUONS ;oo 5.6 55554 siiviia e aia 6 . 4 ALL work must be performed in accordance .
with LOCAL, STATE and NATIONAL codes.
@’ \ r“! ﬁ MANUFACTURING CORPORATION
.nu...a--f...au Box 710, 150 S. Van Brunt St., Englewood, N.J. 07631 ¢ (201) 569-0420 @ (212) 586-5178
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ORIGINAL PAGE I8
OF POOR QUALITY

A General

1 The SUNMAT Solar Collector has been
specially designed for space heating and other
solar applications requiring large collector areas.
The panels are custom-built to fit the dimensions
of the roof--a feature that speeds installation and
improves esthetics The panels can also be built
in very large sizes-~up to 4' by 25'. This means

) lower costs for plumbing and installation The
extensive use of synthetic materials makes them
very lightweight and reduces corrosion problems
The special zipper lock feature allows easy ac-

. cess to the absorber in the event servicing is

necessary

B.  Collector Sizing

1. The proper sizing of a collector system
is a complex process and a number of acceptable
methods are available. For a proven, workable
procedure refer to CALMAC Technical Guide
SE-1223. The efficiency of the collector--a key
input in the sizing calculations--is shown in
Figure 1-1.

C: Damage in Transit

1.  Upon receipt of shipment of this material,
inspect all cartons for external damage. If ex-
ternal damage is noted, open the carton and in-
spect for damage to equipment. Mark the number
of cartons received in this condition on the de-
livering carrier's waybill, and request the
services of the inspector.

2. If upon opening a carton conceiled
damage is discovered, open the entire shipment
and note all equipment so damaged. Contact the
delivering carrier and request inspection of the
damaged equipment. Do not destroy the carton as
the inspector from the freight company will need
this to determine the reason for damages.

' — EFFICIENCY
2 Figure 1-1
- £ 70 4
: w-\ Based on aperture area
I 50
c
I 40 4
E =
N 30 4 3
c
Y 204
10 4
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3. Normally, claims for any and all
damages should be filed with the freight company
within five working days after receipt of ship-
ment.

4. Since all materials are sold FOB ‘actory,
it is the responsibility of the consignee to ‘ile
claims with the delivering carrier for materials
received in damaged condition.

D.  System Design

1. Air Vent. An air vent should be installed
at the highest point in the supply or return line in
order to release air trapped in the piping,

2. Expansion Tank. An expansion tank is
required in the supply or return line to allow for
thermal expansion and contraction of the heat
transfer fluid.

3. Pressure Drop. In sizing pumps for
systems using water as the heat transfer fluid

the pressure drop through the collector can be
determined from Figure 1-3. For systems using
anti-freeze heat transfer fluids, the pressure
drops should be adjusted based on data provided
by the supplier of the heat transfer fluid.

4, Relief Valves. A temperature relief
vitlve set to open at 2109F .nd a pressure relief
valve set to open at 20 PSI must be included
either the supply or return line. Ordinarily the
pressure relief valve is located indoors and con-
nected to a catch basin. The appearance of liquid
in the catch basin provides evidence of a mal-
function, and in closed loop systems the possible
need to add more heat transfer fluid.

5. Strainers. A strainer should be installed
in the supply line to the collector. This strainer
should be checked one week after startup and
annually thereafter.

6. Pressures and Flows. The maximum recom-
mended operating pressure is 20 PSL. In practice
this means that the collector should not be connected
directly to a water main. Subjecting the system con-
tinuously to pressure above 20 PSI will cause the
SUNMAT tubing to stretch over time and may lead
to leaks in the system.

The minimum recommended flow rate throughaa
collector is 2 GPM to insure optimum efficiency. The
maximum recommended flow rate through a collector
is 5 GPM. Higher flows will create velocities through
the headers which may cause whistling and/or erosion.

7. Gauges. Inclosed loop systems a pressure
gauge reading the system pressure (usually 20 PSI)
is recommended. A drop in system pressure usually
indicates a leak in the system.
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E. Installing the SUNMAT Solar Collector

1. The inlet and outlet plumbing connections
to the SUNMAT collectur are located at the same
end of the collector. The 3/4" NPT connections
are located either on the right or left side, both
sides, or the back side of the collector. The con-
figuration, which depends on where the pipes will
best penetrate the roof, is specified at the time
the order is placed with the factory.

2. The collector may be mounted vertically
or horizontally with the plumbing connections at
either the top or the bottom. Because the inside
diameter of the collector tubing is small, trapped
air is readily swept away when heat transfer fluid
is circulated through the system, so the Lheaders
may be located at the bottom of a vertically
mounted collector,

3. When two or more collectors are to be
used side-by-side, it is permissible to make the
inlet/outlet connections to one collector through
one other collector. In this way four collectors
can be hooked up to one supply and return line.
See Figure 1-2.

4, For esthetic reasons care should be taken
to insure that collector sides are parallel to
adjacent roof lines. A chalk line is also helpful
in getting the correct alignment. It is also helpful
to have someone on the ground visually confirm
the alignment.

5. If the roof structure underlayment is
plywood and is in good condition, the collectors
may be boited to the plywood. The most secure

connection is to bolt the collectors into the rafters.

Holes in the collector mounting flange should be
made to coincide with the location of the rafters.
Holes in the flange shculd be 3/8" diameter. To
allow for differential expansion they should also
generally be elongated (up to 1" for 25-foot long
coll~rtors). To locate the rafters, use a stud
finder or tap the roof with a hammer. The more
solid sound indicates the rafter. Once the gen-
eral location of the rafters has been determined,
a nail can be driven through the roof to more
precisely locate the rafters. These rafter loca-
tion nails can be driven through a 2' x 4" that
will also serve as a temporary horizontal sup-
port at the bottom of the collectors while they
are being bolted to the roof.

6.  The collectors can now be brought up
onto the roof. One way to bring the collectors
onto the roof is to slide them up a ladder. With
one person at the top of the ladder pulling and a
second person pushing from below, the collector
can be moved into place relatively easily.

7.  Drill holes through the roof into :ne
rafters. If 1/4" diameter lag bolts are uscd
(min. recommended diameter) then the holes
drilled into the roof should be several drill sizes
smaller. After the holes are drilled into the
rafter they should be fi:led with silicone sealant
before the bolts are inserted. The bolts should be
of sufficient length that they penetrate the plywood
underlayment, and engage a rafter by at least 2".

7 //

e
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Figure 1-2
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8. The collectors should be spaced a

S A4 o 4 e

minimum of 1/4" apart so that thermal expansion
and contraction of the frame does not disturb the
mounting.

9.  The manifold inlet .1d outlet connections
are 3/4" NPT. Teflon tape is recommended as a
sealant for all threaded connections. Do not in-
sulate the piping or add flashing until the system
is pressure-testcd. Finding the leaks under flash-
ing and insulation is quite difficult.

10.  All roof penetrations should be sealed a
second time to insure against leaks. Silicone
sealant is a good choice.

11, Remove the nailer at the bottom of the

collector that was used to hold the collectors on
the roof and fill the nail holes with silicone sealant.

F. REPAIRS AND MAINTENANCE

1. No routine maintenance is required, but
the system should be checked at least annually for
breakdowns in the system.

2. Rain should keep the collector cover
relatively dirt-free. However, if dirt or dust ac-
cumulates, it may be necessary to hose and wash
the cover. Normal wind and water gradually ab-
rade the cover panel, and to insure optimum per-
formance every five to seven years the panel
must be spray-coated with Kal-Lac, a fast-drying
liquid applied by roller, spray or brush.

3. Any leaks that may develop in the tubing
sysiem can be repaired with copper splicer
tubes and Stimpson ¢lamps from the repair kit
To make this type of repair a heavy, wide-bladed
screwdriver should be used < pop the glazing
frame piece off from the side wall. It is usually
best to start at one corner. After the plastic zip-~
per lock is undone, the cover can be rolled back
to expose the tubing. To repair the tubing the
damaged piece should be cut out and a splicer tube
put in its place and fastened with Stimpson clamps
at either end. Then the glazing should be reposi-
tioned in place and the side and top plastic frame
pieces snapped back together with a rubber mallet
starting at the corners and finishing midway
between.

4. Because of the small diameter of the
SUNMAT tubing, capillary action prevents com-
plete draining of the tubing. In the event the
collector must be completely drained, air pres-
sure must be used to force fluid out of the
tubing grid.

5. Every several years flushing the sys-
tem may be advisable. Water run through the
system at 40 PSI is generally adequate. Connec-
tions for flushing should be included at the time
of installation.

6. Heat Transfer Fluids. Heat transfer fluids
should be maintained in accordance with specifica-~
tions provided by the manufacturer. The SUNMAT
system is compatible with glycol anti-freezes. Con-
tact CALMAC before using other anti-freezes.
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it |l TUBING

S i e N .._ﬂ
o _‘Hr, /-’ﬁ.’i/—_COVER PANEL
H # { S
It Y |
Liji}] Al

| ’/—— NORYL FRAME

L

COVER PLATE:
Fiberglass-reinforced polyester, .040™
Transmissivity: 88% at 0*, 78% at 45°
VWind Load Design: 100 MPH
ABSORBER:
Surface: Black, high temperature urethane coating
Aluminum Sheet: .002" thick
Tubing: 5/16"” OD EPDM dual tubing
—Tube spacing 1%2" on center
—Manifold and outlet 3" OD type L copper
—U-bends and manifold-to-tubing connections '4" copper
INSULATION:
High temperature (350°F) rigid fiberglass
Density: 4.0 Ibs/ft*
2" onbottom, R=9 1" onsides, R=4.5 @70°F

DESICCANT:
Silicagel in 3/4" x 10" wire mesh tube

COLLECTOR FRAME:
.125" thick Noryl extrusion

MOUNTING PROVISIONS:
1" flange around total perimeter
External nlumbing connections % " standard pipe thread

FLUID:
Capacity .03 gallons/ft*

MAXIMUM OPERATING TEMPERATURE: 210°*F
MAXIMUM ALLOWABLE TEMFERATURE: 300°F
DESIGN LIFE OF COLLECTOR: 20 years

FLUID PRESSURES:

Maximum operating pressure: 20 PSI
Tubing test pressure: 80 PSI

FLOW RATES:

.018 GPM/square fooi of mat
Minimum flow rate: 2.0 GPM

NOMINAL PRESSURE DROP:
.16 PSI per foot of length of mat
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Installation, Operation & Service Manual
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The SUNMAT Field-Assembled Solar Collector
System is a non-metallic single-glazed collector designed &
to be constructed on site in much larger sizes than con- g
ventional factory-assembled panels. The system allows Z
INDEX the collector to be tailored to fit the dimensions of any P
installation and provides economies of scale in construc=- g ‘
tion and plumbing. -
L General :
A Collector Sizing ............ consse B The SUNMAT consists of a flexible grid of 30 £
B. Materials and ToolS ..ovevvvnnenne 2 closely spaced elastomer twin tubes cemented to an g
C. Damage in. TransSit..s.esscscocesse 2 insulation board base and covered with a flexible g |
D, SystemDesign ... ... .. iienns iy reinforced plastic cover. The grid substitutes for the g |
v IL Mounting the Collector metal absorber plate used in conventional panel-type ] |
7 R T 3 R R e A e bl e 3 collectors. g
0. Installation 3
A. The Insulation Bed............ ey, ALL aspects of this installation must comply with
» B. Pressure-Testing c...covevuvnanns 4 NATIONAL, STATE and LOCAL codes.
C. Cementing the Grid v..v00eveeeens . 4
3 R 0w Tl o T R e s o 7 The information in this manual has been prepared to
T 31T {1 i tpchyme it e e 7 save time, obtain the best possible installation and insure G
F. Waterproofing..ceeeeesees S e 7 continuous trouble-free operation of the collector system. s
IV. Repairs and Maintenance gttt
B GoNeraE. o . Y GRS I | All materials obtained locally or from suppliers other than 1!
V. Specifications CALMAC Manufacturing Corporation must be in accordance 33
A. General ..... Sy ST R e with specifications set forth in the Section on £ <
Specifications. -
4
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L GENERAL

A. Collector Sizing

The proper sizing of a collector system is a complex
process and a number of acceptable methods are avail-
able. For a proven, workable procedure refer to
CALMAC Technical Guide SE-1223. The efficiency

of the collector--a key input in the sizing calculations-~
is shown in Figure 1.

B. Materials and Tools

L The following materials are required to build
the collector:

Item

@antitx

Absorber tubing system 4' x desired length

(EPDM tubing grid with
copper U-bends and
headers)

Absorber cement One gallon for every

40 square feet

Plastic Cover Panel 4" x desired length

Insulation Board 220% of collector area

Contact Cement One gallon for every
130 square feet
Insulation Cement One gallon for every
60 square feet
EPDM HKose 1/2" per square foot
of collector
Roofing Mastic One gallon for every
square feet
Condensation Dryers One for every 200
square feet of collector
or fraction thereof
Foil-Faced Tape Four feet for every four
feet of collector length

For further specification on the materials refer to
the Specifications Section.

2. The following tools are required to build
the collector:

12" adjustable wrench

12" pipe wrench

knife

pair of hand gloves

bicycle pump or other source of
compressed air

pair of pliers

measuring tape

straight edge

masking tape

150
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C. Damage in Transit

L Upon receipt of shipment of this material,
inspect all cartons for external damage. If external
damage is noted, open the carton and inspect for
damage to equipment. Mark the number of cartons
received in this condition on the delivering carrier's
waybill, and request the services of the inspector.

2. If upon opening a carton concealed damage

is discovered, open the entire shipment and note all
equipment so damaged. Contact the delivering carrier
and request inspection of the damaged equipment.

Do not destroy the carton as the inspector from the

freight company will need this to determine the
reason for damages.

3. Normally, claims for any and all damages
should be filed with the freight company within five
working days after receipt of shipment.

4. Since all materials are sold FOB factory,
it is the responsibility of the consignee to file claims

with the delivering carrier for materials received
in damaged condition.

D. System Design

l. Headering. When two or more collectors are
to be used and assembled side by side, it is permiss-
ible to connect the header system of one collector to
the in and out piping through one other header system.
Using a T-connection it is possible to hook four

header systems to the same in and out piping. See
Figure 2.
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Figure 2

2. Air Vent. An air vent should be installed
flt the highest point in the supply or return line
in order to release air trapped in the piping.

3. Expansion Tank. An expansion tank is
required in the supply or return line to allow for
thermal expansion and contraction of the heat
transfer fluid.

3. Pressure Drop. In sizing pumps for
systems using water as the heat transfer fluid
the pressure drop through the collector can be
determined from Figure 3. For systems using
anti-freeze heat transfer fluids, the pressure
drops should be adjusted based on data provided
by the supplier of the heat transfer fluid.

4. Relief Valves. A temperature relief
valve set to open at 210°F and a pressure relief
valve set to open at 20 PSI must be included in
either the supply or return line. Ordinarily the
pressure relief valve is located indoors and con-
nected to a calch basin. The appearance of liquid
in the catch basin provides evidence of a mal-
function, and in closed loop systems the possible
need to add more heat transfer fluid,

5. Strainers. A strainer should be installed
in the supply line to the collector. This strainer
should be checked one week after startup and
annually thereafter.

6. Pressures and Flows. The maximum recom-
mended operating pressure 1s 20 PSL. In practice
this means that the collector should not be connected
directly to a water main. Subjecting the system con-
tinuously to pressure above 20 PSI will cause the
SUNMAT tubing to stretch over time and may lead
to leaks in the system.

The minimum recommended flow rate throughaa
collector is 2 GPM to insure optimum efficiency. The
maximum recommended flow rate through a collector
is 5 GPM. Higher flows will create velocities through
the headers which may cause whistling and/or erosion.

7. Gauges. Inclosed loop systems a pressure
gauge reading the system pressure (usually 20 PSI)

is recommended. A drop in system pressure usually
indicates a leak in the system.

II. MOUNTING THE COLLECTOR

A. Mounting the Collector

1. When the system is built on a steeply slanting
roof, a scaffolding should always be used. A scaffold-
ing ux:qa.kes the installation much easier and is the safest
method.
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2. The surface on which the SUNMAT system !s
to be built must be sturdy and flat. As a rule, wn>
normal roofing surface is acceptable as long as th
fiberglass insulation which forms the collector bed
can be bonded firmly to it with roofing mastic. Siwce
the SUNMAT is quite lightweight, installation o on
existing roof does not add appreciably to the load on
the roof and is usually quite safe.

3. The layout of the collector installation must
take into consideration the size and shape of the space
avdilable for the collectors. Each grid of the SUNMAT
system is 4' wide. The length of the SUNMAT collector
can be any size up to 50" and is therefore cut to fit the
available space. in laying out the length, however, it
is imperiant to keep in mind that an additional 4" must
be allowed beyond the desired length of the absorber
system for connecting the headers and U-bends. It
is also advisable to keep the length of the SUNMAT
as long as practicable since this reduces the cost
per square foot.

4. The collectors should not be mounted absolute-
ly horizontal since in this position water will pond on

the glazing and dirt will accumulate. The minimum
recommended slope is 1 in 12,

1. INSTALLATION

A. Constructing the Insulation Bed

1. Cut and build the bed of insulation board.
This bed is made of 1" thick foil-faced fiberglass
insulation boards cemented face to face. The
bottom boards are 2' x 4'. The top boards are 4'
x 10' boards that have been factory-outgassed at
350°F for an hour. 1" must be trimmed off these
boards to allow for the perimeter walls.

I 1 e 8 ch 2 3 ayoig 3 3 5 At - 'y
R S T 0 B T Dy WL RIS TN o, PP TPL Lo VT WTLND ST L T OGO I VUYL TP egm e e




— L} 1

s SN EAEES 8

TECHNICAL GUIDE / SE-1289

o o Bt

b

< g
: 9' 10 :
Figure 3 - g
- .
.I
/‘5 FOIL FAcE
{ o
 1TTIR é 4
e 1 = 1 1/
; o
- (sx2') 10'0"

The boards must ilso be trimmed to the proper
length, which is a function of the size of the collector.
The top board must be 2" shorter than the bottom
board--again, to allow for the perimeier walls.
The unfuced sides of the boards are cemented
together using the insulation cement to make a

2" board foil-faced on both sides. In order to
make one unified section the top and bottom boards
are overlapped. The top boards are centered on
the bottom board to allow for the perimeter walls,
See Figure 3.

2. Cut and cement the fiberglass
insulation perimeter strips to the bed. This
wall provides the surface to which the cover
panel is cemented. The strips are 2 12" wide.
The length depends on the size of the collector.
Contact cement is used to adhere the strips to
the insulation bed. See Figure 4.

3. Mount the insulation board bed on its
supporting surface. The bed can be affixed
directly to smooth supporting surfaces with
orainary roofing mastic. On surfaces that are
irrecular, such as shingled roofs, laying down
a plywood frame and adhering the bed to the
frame with roofing mastic is recommended.

B. Pressure-Testing the SUNMAT for Leaks

I. Pressure-test the tubing system for
leaks using a portable air compressor,
bicycle pump or canister of compressed air
to pressurize the tubing to 40 PSI. One of the
headers is supplied with a tank valve to facili-
tate testing for leaks.

T+ OLL:

8 41

Any leaks should make a hissing sound. Leaks
are rare and are usually caused by improper
connections between the SUNMAT tubing and the
U-bends or headers. Leaks can be detected by
applying soapy water and looking for bubbles.
Leaks can be repaired by adjusting or replacing
the Stimpson clamps. The tubing itself does not
cenerally leak unless it has been damaged in
shipment or handling. Leaks in the tub’ig are
repiaired with splicers from the repair kit in

accordaace with instructions in the section on
Repairs and Maintenance.

C. Cementing the SUNMAT Grid to the
Insulation Bed

. Position the SUNMAT grid in place. The
header end of the mat should be butted against
the end border of the bed. If the mat is fairly
short, it can be placed directly or the insulation.
Ii it is long, it may be easier to roll it off the
shipping roll and onto the insulation bed. The
header and U-bend ends of the mat should be
secured in place with a piece of foil-faced tape
pressed down between each tube onto the foil-
faced insulation board. Similarly, foil-faced
tape should be used to hold the mat itself in place
every four feet. See Figure 5.

2. Put three spacer blocks in place 12"
apart every two feet. These blocks are made of 11/2"
lengths of I'" EPDM hose. They aI:'Net in place
between slightly spread tubes and held in place by
the absorber cement (next step). See Figure 6.

3. Spray or brush the two-part absorber
cement over the entire surface until the aluminum
foil is completely blacked out. To insure a good
bond the joint where the tubes and foil meet must be
filled with adhesive. In mixing the two-part cement,
directions on the can should be followed carefully.

4. At the side of the collector where the external
plumbing connections are to be made, passageways for
the connections should be cut through the perimeter
strips and pipe nipples for the connections should be
cut through the perimeter strips and pipe nipples
extending through the perimeter wall should be
installed. At this point in the construction process
it is usually advantageous to hook up the sensor *
that measures the outlet temperature for the differ-
ential thermostat and any other valves or vents
indicated. See Figure 7.

g

~ g
R e o T L o Ll W TR T

~




' faeavh Eol LRt o oy \alind Seur
Jml—\“L&l i l g | 1 [ ? l: “ni | r L L : d
Cokssivduos s ks s ortuars l4 e = 0 'l . 1 L5 S SRESS Al o I 1 CELi s heds. | 55 2 7
; =
[ P’
TECHNICAL GUIDE / SE-1289 i i
|
by 4
:
~ g
ORIGINAL PAGE IS f}
OF POOR QUALITY
o
(ryp) ' = !
—~ FOIL FACE TAPF i
| O TOPOFMAT 4
’n —— T e ,';—‘" E,
-2 =N b z ]
& 3 B — SDACER 5L0CK ]
| . = 3
1 [ .2 4
r | . i | = ~ 2 .
, e > ;
HE i 1
et e {} = =H o o - |
t—= S e | S 2 310 | oo e 4 :
. o o &
\( A _f
- E
f
4
Figure 5 Figure 6 |
E:
1
%
/4
l' ‘
-4
f £
i
I
Vv wIADER - —
r TOT &
RI!URN HEADER — | NSUATION BORDER R ey v
[ , - Tvp COMMECTOR ¢
e / Y BRASS NIPPLE ) |« ST T somcen
b ')
' L 75MP, PRESS
RELIEF VALVE { INSULATION 8°STER 4
| TEE BRASS W
TEMP SENSOR How g
: ‘ INSULATION BORDER b CourR PANLL 3
e 3
( Q INSULATION BED T ;
oot s P DS AT " SUNMAT " Twin TUBING }hﬁ“r oW v 1
W
v SUNMAT Thow TR N ‘i
Figure 7

153




—
{
b
==

|
bo—
ol
—~
1
1
|
——
{
-
—
;“
1
Sl
+
\
i
v
—
———
e
—
o
Lt
Rsa
S
-
-
Sl

oot gt

TECHNICAL GUIDE / SE-1289

D. Dryer Tubes f

L Install one dryer tube for every 200 square
feet of collector or fraction thereof. Dryer tubes
are used to prevent the build-up of moisture conden-
sation under the collector glazing. The dryer tube
is installed along the outside perimeter by punching
an outlet in the border strip with a screwdriver.

4, Any leaks that may develop in
the tubing system can be repaired with cpper
splicer tubes and Stimpson clamps from the
repair kit. To make this type of repair a
knife should be used to cut through the fiberglass

ain ek sty itd

sk,

border strips. After the cut is made, the cover [

See Figure 8. " can be lifted to expose the tubing. To repair the ¥
tubing the damaged piece should be cut out and a !
E. Installing the Plastic Glazing :

splicer tube put in its place and fastened with

i

}

Stimpson clamps at either end. See Figure 1L {

L Apply a coat of contact cement to the top edge Contact cement can then be used to cement the ‘ Il

of the perimeter strip. Start from one end, then fiberglass back together. Finally a new coat

move to the sides and down the borders toward the of mastic should be applied to seal the collector. b
opposite znd, catching the spacer blocks as well.

If the length of the collector is less than 12 feet, the
contact cement can be applied in one step but if the
length exceeds 12 feet, more than one step may be
necessary since the cement dries quickly.

Maaaice labhon

5. Because of the small diameter of the :
SUNMAT tubing, capillary action prevents easy | 3
draining of the tubing. In the event the collector
must be completely drained, air pressure must .
T Disce-the sndobihs sbadin be used to force fluid out of the tubing grid. ]
plastic glazing over the end of the collector 6 Every several years flushing of the system
coated first, and unroll the glazing. The may be advisable. Water run through the system
glazing should be unrolled gradually, making at 40 PSI is generally adequate Connections for
sure that it is running square to the border. flushing should be inciuded at the time of installa-
After it is completely unrolled, press it lightly tion.
against the border and spacer blocks to insure
good bonding, 7. Heat Transfer Fluids. Heat transfer fluids
should be maintained in accordance with specifica- !
tions provided by the manufacturer. The SUNMAT
system is compatible with glycol anti-freezes Con-
tact CALMAC before using other anti-freezes.

2 B Bl e i B

F. Waterproofing the Compiete Collector

L Waterproof the entire system by
applying roofing mastic to ull the exposed
insulation, and to the 1" edge of the plastic : s
rlazing that overlaps the insulation board peri- ek heon \ s braet:

meter. Cement should be used liberally to make o o
a s=zal around the header pipes and dryer tube T e "_B'_T‘T:“ :
where they come through the insulation board. ) M SR ! | { B |
Use masking tape on the glazing so as to make 2% ';r S 5

a straight edge between mastic and glazing. F igure 1

IV. REPAIRS AND MAINTENANCE

A. General

1. No routine maintenance is required, but
the collector should be chec..ed at least annually
for breakdowns in the system.

2. Rain should keep the collector cover
relatively dirt-free. However, if dirt or dust
accumulates, it may be necessary to hose and
wash the cover. Normal wind and water gradually
abrade the cover panel, and to insure optimum
performance every five to seven years the panel
must be spray-coated with Kal-Lac, a fast-drying
lyjuid applied by roller, spray or brush.

3. Over time cracks may develop in the
waterproofing, particularly in arc~s where the
roofing mastic was put on too thin. These cracks
can be easily repaired with fresh mastic.
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V. SPECIFICATIONS
PHYSICAL DATA:

Width: 4'

Length: Up to 50

Depth: 3 1/2"

Weight (unfilled): 2.0 pounds/ftz
Coolant Weight: .2 pounds/ft2

MATERIALS:

Glazing: .025" ge fiberglass-reinforced
polyester. 88% solar transmittance at 0°,

78% at 459, Kalwall SUN-LITE Premium II
or equivalent.

Absorber: 5/16" OD, 3/16" ID EPDM dual
tubing spaced 1 1/2" on center bonded to
insulation board with CAL-ZORB urethane
cement. One gallon covers 40 square feet.

Headers: 3/4" x 42 1/2" type L copper pipe.
External connections are 3/4'" threaded
pipe connections scldered to the pipe.
Connections to the absorber tubing are 1/4"
nipples soldered to the pipe every 1 3/8".
Two headers per mat.,

Desiccant: Silica gel in aluminum wire
mesh tube. One dryer required for
every 200 square feet of collector or
fraction thereof.

Insulation: Fiberglass duct board, high
temperature (3509F), three pounds per

cubic foot density, foil-faced, 1" thick.
Owens-Corning Fiberglass 703 or
equivalent.

Adhesives: Contact cement used to bond
cover panel and perimeter walls to in-
sulation bed, 3M 1300 Rubher Adhesive
or equivalent. One gallon for every
130 square feet of collector. Adhesive
used to waterproof the collector,
roofing mastic. Adhesive used to bond
insulation together, Foster 85-15
Stic-Safe Adhesive.

Coolant: Water or mixture of glycol and
water. .03 gallons per square foot.

OPERATING DATA:

Flow Rates: .018 GPM per square foot of
mat, minimum of 2, 0 GPM.

Pressure Drop: .16 PSI per foot of length
of mat, water.
.2 PSI per foot of length of mat, 40%
ethylene glycol at 1009F,

Temperature: Maximum operating
temperature, 2100F,
Maximum allowable tubing temperature,
3500F.

Fluid Pressure: Maximum operating
pressure, 20PSL Tubing burst
pressure, 80PSI.

FrUr: .86
Fp(Ta),: .67
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