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SECTION |

1, 0 COST TRADE STUDIES

A. TEnergy Conservation and Architectural Features

Energy conserving features were incorporated into the archilectural design of
the NASA New Castle solar home, The primary areas of concentration were:

® Glazing type and amount.

@® Building insulation,

® Control of infiltration.

® Miscellaneous energy-conserving features.

Glass was used selectively in the design of the NASA New Castle solar home
to admit light and views while minimizing delrimental effects of heat loss and
heat gain, The primary glazing areas face south, and the total window area
is only 10.5 percent of the building wall area. Of this glazing, 6l percent

(or 160 square feet) occurs on the south elevation. Skylighting has been used
selectively to maximize the benefit of natural light while minimizing the glass
area. Windows used in the home are double-glazed units manufactured by
Andersen Windows, Inc.

Building walls were of 2 x 6 construction with 6" foil-faced fiberglass batts.

A tongue and groove styrofoam sheathing is used, giving an overall wall "U"
value of 0.04. The roof insulation consists of two batts of 6" fiberglass insula-
tion, with the lower-most batt being foil-faced, resulting in a ""U" value of

0. 037,

Several techniques are used to control infiltration of outside air. Tongue and
groove styrofoam sheathing material has demonstrated effectiveness in control
of infiltration on wall surfaces. Andersen window units were selected because
of quality construction and minimal infiltration. An entry vestibule is used,
which permits the users of the house to close the ouler door before opening
the inner door, thus minimizing infiltvation in this avea.

Various other considerations were incorporated into the huilding design to
conserve energy. The building portions were arranged to present the largest
wall area facing south. This maximizes the henefits of solar gain during the
winter season and minimizes the detrimental effecis of scolar gain on the east
and west elevations during the summer period. The south wall is 1.5 times
the length of east or west walls. Studies have shown that this is the optimum




building proportion for this climatic zone location. Berming is used selectively
on exterior walls to control infiltration and to reduce solar heat gain during

the summer. Attic space is adequately vented to minimize the impact of heat
loss from the backside of the collectors on the cooling toad during the summer
portion of the year. In addition, water-saving fixtures are used to conserve
water as a natural resource and to save the energy required to provide
domestic hot water to the home.

B. Solar Heating System Design Year

A base year for solar and weather data was necessary to run computer simu-
lations for this solar heating system and site location. The site, New Castle,
Pennsylvania, is located in the extreme western portion of that state. As
there is no weather dais available for New Castle, Pennsylvania, nearby
cities for which data was gvailavls were investigated. Cities on Lake Erie
were eliminated due ts the effegt < the lake on weather data, This reduced
the list of weather data locations to two, Pittsburgh, Pennsylvania, and
Columbus, Ohio. The weather data available from Pittsburgh dates from the
1950s; however, because of relatively high air pollution levels in Pittsburgh
during that time, the data would not provide a good simulation of conditions
present in New Castle. Columbus was found to be a very acceptable location
from which to obtain weather data. This was based on the following criteria:

@® The effect of Lake Erie on Columbus weather should be similar to
that for New Castle.

® The affect of local air pollution should also be similar,

® Weather data from the U.S, Army, Navy and Air Force shows that both
Columbus and New Castle have the same values for 97%% and 99%
design ambient temperatures, 4°F and -1°F respectively.

A Columbhus weather tape for the year 1961 was found to be a close approxima-
tion of the normal heating season based on a calculation of yearly heating

degree days from the weather tape data. A calculation of the annual degree
days from the binned ambient temperature data from the 1961 Columbus weather
tape is shown in Table !-1. The bin data was taken from Table 1-6. The
calculation indicates a total of 5088 degree days for 1961. This value compares
favorably with the normal yearly total of 5211 as stated in the ASHRAE Handbook,
1973 S; stems.

Based on the above investigation, the Columbus weather tape for 1961 was
selected for use in computer simulations for the New Castle site.

1-2 /




Table 1-1. Degree-Day Calculation - 1961

AMBIENT TEMPERATURE
TEMPERATURE DIFFERENCE HOURS DEGREE-HOURS
F 65 BASE, F
-10 75 3 225
-5 70 3 210
0 65 12 780
i 5 60 29 1,740
% 10 55 82 4,510
[ 15 50 167 8,350
20 45 151 6,795
25 40 252 10,080
30 35 408 14,2806
35 30 676 20,280
40 25 737 18,425
45 20 765 15,300
50 15 722 10,830
55 10 710 7,100
60 5 642 3,210
65 .- T
TOTAL DEGREE-HOURS 112,115
TOTAL DEGREE-DAYS = 22113 = 5088
1-3
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C. Solar Heating System Simulation and Qptimization

The computer simulation for the Stillwater, Minnesota, site provided signifi-
cant data and performance trends that resulted in the elimination of several
variables for the New Castle, Pennsylvania, site., As a resuli, the following
system components and design parameters were determined as final selections
to be held constant for tradeoff of other variables:

® Collector tilt angle; 50° (New Castle is at 41°N latitude)
Storage tank size: 1000 gallons
Effectiveness of collector loop to water loop heat exchanger: 0.6

Effectiveness of space heating coil: 0.6

Flow rates - collector loop: 12 gpm
- water loop: 8 gpm

A computer simulation model for the building and the solar heating system
at the New Castle, Pennsylvania, sile was developed. This provided system
performance data for the following:

® Indication of the affect of collector area on yearly total solar
contribution.

® Tradeoff of storage tank temperature set points for heating from
storage mode, based on total solar contribution and auxiliary
energy consumption,

Collector Area Selection~--The effect of collector area on solar contribution

can be seen in Figure 1,  The baseline collector area of 504 square feet is
shown. As expected, the solar contribution declines sharply for smaller
collector areas and rises slowly for larger collector areas. A collector area
in the range of the baseline configuration of 504 square feet was chosen as a
reasonable compromise between architectual constraints and solar contribution.

Storage Tank Setpoint Temperature Selection--The tradeoff of storage tank

setpoint temperaturc was based on yearly total auxiliary energy consumption
by the following:

® Operation of the hydronic solar healing system

® Electrical input to the heat pump

® Electrical input to the auxiliary electric heating coil
®

Electrical input to the domestic hot water heater

1-4
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Results are shown in Table 1-2 and 1-3. Table 1-2 shows the distribution of
space heating load and domestic hot water load between solar and auxiliary
sources as a function of storage tank scipoint temperature. Table 1-3 shows
the effect of storage tank seipoint temperature on yearly auxiliary energy
consumption for each subsysiem and overall total, The pertinent data is
presented in Table 1-4 comparing percent of solar contributions and total
auxiliary energy consumption for the various siorage tank setpoints,
Inspection of the data shows that this is the optimum range of storage tank
setpoint temperatures and that the variation in auxiliary energy consumption
is only about 1% thru the range. Based on this data, a 100°F setpoint for
storage tank temperature was selected to provide the lowest auxiliary enevgy
consumption and a total solar contribution of 63.0%.

Table 1-2 Yearly Space Heating und DHW T,0ad

1 supplied by Solar and Auxiliary Sources
Storage Space DIt Solar Contribution tiutput from Aux, Lnergy Sources
SCCPOLBC Load Load Space Htg., DI Total Heat Pump blcc'rie Coil, DWW
Temp. ( (fm (MBTUY | (MBTUY__ (MBTU)  (MRTU) (MBTY)  __ (MBTU) (MBTU)
100 A8, 3 21.0 »? 4 14.) 7 22.9 3.0 6.7
95 48.3 21.0 231.2 13.9 371 22.2 2.9 7.0
90 48.3 21.0 24.0 13.6 37.6 21.4 2.9 7.3

Table 1-3 Yearly Auxiliary Encerpy Consumption

100°F 5% 90°F

Mode _ Operation __ _ KWilode | Hours — KW-HRS | Hours  KW-HRS | Hours — KW-HRS
1 Idle L0GY 6894 172 130 170 6713 169
2 Direct Heating 1.099 163 178 163 178 163 178
3 Htg From Storage  .77% | S44 194 618 448 712 516
4 Charge Storape 025 920 579 4926 579 934 584
5 Purge 1Y) 212 R 212 L1224 212 124
Total Solae Heating %yqtm 1!‘1. 1699 1571 e
Aux Htg. - Veat Pump T A 3047 2953
Aux Htg, « Llectric Heating Coil 85 856 838
Total Aux Heating B A004 3903 3791
DHW Auxiliary Energy B 1965 2060 2151
Total Aux. Energy Consumpt ion 7417 7462 7513
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Table 1-4, Yearly Performance Summary

Storage % Solor % Solar 7 Solar Totil Aux
SeLpoint Contribution Contribution Contribution Lnerpy
Temp. (OF) Space Heating DHW Total RURILE
100 46,5% 68,1% 53.0% 7417
95 48.1% 66.,5% 53.7% 7462
90 49,7% 65.0% 54.,5% 7513

D. Component Selection

The component selection analysis done for the Stillwater, Minnesola, site
is valid for the New Castle site in several areas. Therefore, the following
component selections are the same as those for Stillwater, Minnesota, site:

DHW preheai coil

Pipe insulation

Storage tank insulation

Pumps

The Energy Transport Module will be the same as that for the
Stillwater, Minnesota, site, with the only difference being a different

control panel as required for the heat pump,

The space heating coil will also be the same except for a different
enclosure to match the heat pump indoor unit.

This leaves the following component selections to be madc:

Heat transfer fluid
Domestic hot water heater
Heat pump

Electric heating coil

Heat pump indoor unit blower performance

1-7




Heat Transfer I'luid Selection-~3ased on the analysis done for the Stillwater,
»linnesota, site, an aqueous cthylene glycol solution was seleected as the heat
transfer fluid. The ambient temperature data trom the weather tape was
binned as shown in Table 1-6, This indicates that the mininmum ambient
temperatures are in the -10°I* range. The freezing points of Dowtherm SR-1
solutions are showa in Table 1-5. This indicates that, based on a minimum
ambient temperature of -10°F, a 40% solution (minimum) is required. Due
to the low cost of a system of this size, a 504 solution has been selected for
the collector luop to provide more than adequate protection against freezing.

Table 1-5 Freezing Points of Aqueous Dowtherm SR} Solutions

Sol rion

% by Vul Freesing
SRel Point

v T e T LTI oy

20% +HBYF
30% A
199 oy
40% -120
YA 2200
50% «34%p
559 ~50°F

Domestic 1ot Water Heater--Due to the unavailability of natural gas for the
New Castle site, the domestic hot water will be an electric unit, Because
electric domestic hot water heaters have a lower recovery rate a 52-gallon
model was selected, having a 4509-wutt upper element and a 4500-watt lower
element, This is a standard size unil in the indusiry.

Heat Pump--~The heat pump unit selection for the New Castle site was based

on the peak cooling load. Table 1-7 indicates the peak cooling load to be

31,400 BTU/hr, just over 2% tons. This verilies the need for a 2%-ton heat
pump. The above analysis is accepted practice in the HVAC industry and
results in a unit that provides efficient cooling and good latent heat capacity
in the summer, which is nccessary for an energy efficient dwelling such as
that at the New Castle, Pennsylvania, site. Ilecaling output of the heat pump
declines as outside ambient temperature falls. As a result, an auxiliary
electric resistance heating coil 1 required to meel space heating loads at
lower ambient temperatures. Performance »f the heat pump and the rest

of the Auxiliary Encrgy and Space IHealing Subsystem 1s shown on installation
drawing SK-142102,
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Table 1-6. Ambienl Temperature Bin Data

TEMP BINS - HOURS WHEN THE TEMP (1N DEGF) IS5 WITHIN THE RANGE
RANGE JAN FEB MAR APR MAY JUN JUL ALG SEP oCT NOY DEC TOTAL
~17:% 0 0 b o] [¢] 0 0 0 0 0 0 0 0
~12e5 3 0 D 0 4] 0 0 b 0 0 0 0 3
»7¢5 3 0 1l Q 0 4 G ¢ 0 0 0 0 3
245 11 0 ) 0 0 0 ] n n 0 o 1 12
2,5 14 3 ] ¢ 0 0 [ o 0 0 0 12 29
T+%5 53 [ 0 0 0 [ ¥ i b [ 0 23 82
12,5 115 5 Q n 0 [ © ft 0 Q 0 47 167
175 86 19 0 0 0 0 n n f 0 5 41 151
2245 70 65 L] 0 0 0 0 n ¢ 0 28 65 252
2765 92 60 22 16 0 o] [ o 0 5 87 126 408
$245 112 150 91 25 4 0 4 0 3 1 121 157 676
37,5 102 135 99 148 28 0 0 0 4 33 71 111 737
h245 65 59 164 162 73 1 [4 0 9 B0 68 64 765
4745 15 52 124 10% A3 28 0 o] 19 148 105 43 722
5245 3 59 82 96 113 G4 16 3 34 138 92 20 710
57.5 0 38 99 b1 12u 14 18 20 63 108 13 8 bb2
62,5 0 14 72 &0 156 96 53 87 5 89 19 ki 711
6T7.% 0 4 17 26 48 j67 156 17¢ 106 51 11 0 756
L, 72.5 0 3 4 12 58 126 177 176 161 34 8 0 159
4 7745 0 0 0 9 34 94 137 116 RY 43 6 0 527
82,95 0 0 0 (¢} 7 50 114 }2¢ 79 8 0 0 238
B 87.5 0 ] 0 D 0 47 54 ha 19 0 0 4] 224
92,5 [¢] 0 0 0 0 3 18 0 16 0 0 0 37
97.%5 0 0 0 0 0 v} 0 4 0 0 s] o 0
102,5 0 0 0 0 0 o] 0 f 0 Q 0 0 0
107.5 0 0 0 0 0 0 0 [ 0 0 0 0 0
HOURS WHEN THERE WAS ZERO TEMP 5
HOURS WHEN THE TEMP WAS LESS THAN MIN 0
HOURS WHEN THE TEMP WAS GREATER THAN MAX [v}
RANGE TOTAL
-17.%5 0
-124% 3
~Te% 3
“245 12 #
2.5 27 #%
T.5 82 Aatar
12,5 167 HRRAARREARE
17.5 151 ARERARRRRN
22.5 252 MAKBRERKKANRRANR
27.5 LOB RARRARAKRRKAKRARRAKRAARE RN AR
32,5 676 HRAEKARNARKERERRRRRRANRRRAIREE R R KRR A RN Ry
37.5 T37 RARRARARRRNKRRARRRRFRRAKARKEARE R A RERRRAREA N R AN R R -
42,5 TES AARARNARRRARNRRRARRRKEARS RN RERARRIRNNRI RN KRR AP ENaR ¥
47,5 T22 KAKRRARRARAK RN RRAARANKRRAGHARRRRARARRR B AR AR R G bR
o 5245 TIO AARRARARKARRARRRRARARARRRARRAN R AR AR R NRA AR R R
57,5 BHD AARARARAAKARRNAREEESRARRARRRRRR RN RARAA NN R
62.5 T1] ARAREEEEREARARARR AN RN RE R BRI R RN IR R AR A AR RS
67,5 TSSO RERARKKANRARRERR AN RN RRARARKERRRRARARRR AR A AR N
72.5 TEG RARRAARRENRARARNRERRRAERRR AR RN AR REARA N AR AR AN QR
175 527 ARRARAAKNRENRRREFARRALARE KRR A RN K
82,5 388 RERARKAARARRAARRRAIARHRRR
87.5 224 KEARRRARRNNA NN
92.5 37 x%®
37.5 0
102,5 Q
107.,5 0
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Table 1-7. Heating and Cooling l.oad Bin Data

E LOAD BINY % dayid VBN Tk AR e S TS s w YN T RANGE
RANGE JAN Frw vaAR A1 Ay (LY (1N T Sl W1 NOY e TOTAL
-~39000,0 0 0 { n ) [ 0 0 ) 0
«37000,C o 0 t \ 0 { C 0o 0 0
=3%000,0 o n ' ' o \ ‘ 0 o o 0
=33000,0 0 0 ) © ( 0 0 U 0 0
=31000,0 0 0 i ( ) \ ! ( 1 0 n 0 L)
-29000,0 0 0 ) Q O 1 ) ' 0 0 0 .
-27000,0 0 0 ¢ 0 n ) ) [} 0 0 0 16
«2%9000,0 0 0 0 0 0 1 o ’ [ (1] 0 0 20
=23%000,0 0 0 t 4 0 2 ™ ’ 4 O 0 0 22
] =21000,0 0 0 { o 1 - 1 ! 1 2 0 0 42
=19000,0 0 0 ( ] “ 10 ) i B 1 0 0 79
; =17000,0 ( 0 | o 3 L} 14 In n 2?2 0 (0] )
-1%5000,0 0 2 1 0 ’ \? 1) “) Is | 0 137
-13%000,0 0 1 J () () L s !, LT 2l ] 0 26)
: =11000,0 4 3 ) [ ’ (&} " e he %/ ) 0 262
' «9000,0 [\ \ 1 3 5 B 3 “ yn . “h 14 [} 0 322
«7000,0 1 ) L] 1 SR ry 1 18 (AN 2 1l 2 07
«%000,0 & 10 ] [ 2 10 43 he o! 24 17 . Yo7
«3000,0 9 14 2n 1 ! L% Ay A 21 R 13 5 269
«1000,0 16 ’ 20 21 o 'l 1t 2 e LH] 23 [ 266
1000," AL} L L] 161 Jal e 1ady 1| " (R LY 92 L) 170%
3000,0 12 L) ! 1 HY “h ‘ 1 21 68 14 ‘4 549
S5000,Nn 26 4R Pl I e P 1e “ at n ' 16 592
] 7000,0 6\ LY " Kt (R4 JA “ | Y 91 69 52 58]
{ 9000,0 57 bh s 1 e 1 ) \ i Te 71 61 560
' 11000,0 (Y] 3] T4 re 24 ) ( " " 14 503
7 13000,0 1¢ 'K LN} Ta K] f \ 16 &) 109 506
: 15000,0 LN Mo 51 | i L p 6 5¢ 103 198
‘ 17000,0 18 6 1A M 0 \ ( 3 e s 288
: 19000,0 59 [y [} 7 Q0 0 { 0 15 CLY 157
: 21000,0 59 A ° ) 0 \ { 0 (] b 133
i, 23000,0 CYdl A | : (3] O 0 'y 89
j 2%000,0 A9 “ i ) ) ) ! O 0 (4 60
3 27000,0 21 3 ( t 0 0 ({ (¢ 0 14 1]
( 290C0,0 s 0 i i ( n \ ' ¢ 0 6 12
31000,0 R n ' ( 0 0 ( n 0 0 0 1 9
' 33000,0 3 0 . o 0 { ) ] o 0 0 3
; 3%000,0 | (4] u 0 n ) f 0 0 (4 (4] 1
: 37000,90 (o] 0 0 { ) (4] ( o O 0 0 0
’ 19000,0 0 0 i ' n { ( 0 0 0 0

} HOURS WHEN THEEE WAS ZERO [ 1AD (et

HOUKS WHEN THf LOAD WA LSS Thar s n
MOURS WHEN THE |LCAP wAY (REANEDR TiHAY wAY
PEAX LOAD  0g3%2%F 0n  tlui/ub

oNn 2% |
AMALIENT TEwP =12,00 F
3 OEAK L OA) =D 31467F O8 BV
3 N 1! 9
i AMETENT TEMP eq 0
RANGF 13741
=30000,0 0
=37000,0 n
=35000,0 0
«-33000,40 1)
; =31000,0 1
i =29000,0 »
=27000,0 16
=25000," 20 @
2300040 l2 0
=21000,0 2 o
<19000,0 79
=17000,0 11e
=15000,0 137
~13000,0 24l
e COOLING
=9000,0 L)
=17000,0 407
=5000,0 67
-%000,0 269
=1000,0 24t
1000,0 1704
3000,0 f4
$000,0 892
7000,0 551
9000,0 660
2 11000,0 403
: 13000,0 %06 HEATING
15000,0 198
17000,0 25%
: A 19000,0 157
21000,V 133
23000,0 89
2%000,0 60
27000,0 38
L9000,0 é
31000,0 9
313000,0 3
15000, 0 1
A7000,0 0
19000,0 0




R sl s o . Aasc R e diie-e ISR .

Electric Heating Coil--The electric heating coil is sized to satisfy 100% of
the design heating load. This will provide a backup source of heat in the
event of a break down of the heat pump. Table 1-7 shows the heating load
data for the year soparated into load bins, The peak heating load was

35,250 BTU/hr. 7his resulted in selection of a l.ennox electric heating coil

with a rating of 39, 600 BTU/hr at 220V,

Blower Performance--Airflow rate thru the heat pump indoor unit blower was

selected at 1275 c¢fm. This was based on the following crileria:

® Analysis done for the Stillwater, Minnesota, site resulted in a flow

rate of 1000 cfm for that site. The design of the house for the New Castle
Pennsylvania site cnabled the selection of 1275 cfm as the design air-

flow rate. This will enhance slightly the performance of the solar
space heating coil.

® Within recommended range for Lennox 2 1/2 ton heat pump to provide

proper performance on both healing and cooling,
® Blower will deliver 1275 c¢fim at Med-Iigh fan speed while providing

at least 0.2 in W.G. external stiatic pressure to overcome ductwork
friction losses.

1-11
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2.0 VERIF.CATION STATUS SUMMARY SINGLE FAMILY HEATING
A. General

Heating system design and development verification is the process of proving
that the components and the system meet applicable physical and functional
requirements as set forth in the Interim Performance Criteria (ref. Section II
of the contract Statement of Work) and the System Performance Specification,

This document summarizes the present status of verificalion for a single
family heating system.

Attached to this summary report are verification matrices for each of the
functional subsystems in the heating system. FEach matrix relates applicable
subsystem and system performance requirements (interim criteria) to select
verification methods. Each Interim performance criteria paragraph in the
matrix has been, or is to be, verified by similarity, analysis, test or inspec-
tion. In the development and qualification phases, all verification is by simi-
larity, analysis, test or inspection. In the development and qualification
phases, all verification is by similarity, analysis or test. In the acceptance
phase all verification is by inspection or test.

B. Matrices

On the attached matrices the method of verification is indicated by the follow-
ing code:

1, = similarity
2, = analysis
3, = inspection
4, = test

The present status of each verification item is indicated by a code as follows:

C
I

complete
incomplete
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ATTACHMENT

L ITEM (MAKE & PART NO,)

4

Collector Subsystem

R

VERIFICATION CROSS

A sepermiawey

REFERENCE MATRIX

Page 1 of 5

WBS1.2,2.1,1

¥
VERIFICATION FAETHOD:

LaLULAEILY |
2,.A8ALYIL

S_juf_{_‘_":’-'"l'nl__ N/l\ l\\!}I plzn| ’f‘e BI G

LT ¥ 2t S—

PERFORMANCE
REQUIREMENT

VERIFICATION FI1IASE

4

. ‘ I‘
DEVELOPMUNT { QUALIFICATION® ACCOPTANCE

REMARKS

S-S LY

d
]
4
I
.ﬁ
! IPC 1.3.1
} Efficiency
IPC 2.1.2
Noise or Erosion-Co}

rosion An-lysize
Fluid Velocity
¢

IPC 2.1.3
Operating Conditions

T eI X T CIEE TS L

ASHRAE Code

IPC 2.1.4

e T e

tors Check Manifold-
ing, .

IPC 2,2,5
Thermal Changes
Check Thermal
Stresses

IPC 3.,1.1

Applicable Standards
HUD MPS & ANSI
Structural STDS

IPC 3‘*. 2.1
Ultimate L.oad Com -~

ysis
IPC 3.2,2

Ice Loads Stress
Analysis

Fluid Flow in Collec +

binations Stress Anal-

i

(P & T) Check Againsf

4-C

2-C

2-C

2-C

2-C

2-C

1-C

2-C

2-C

2-C

2-C

3, 4
-1

3-1

3-1

3-1

3-1

3-1

-
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 ITEM (NAME & PART NO,)

Collector Subsystem REFERENCE MATRIX

VERIFICATION METHOD:

Pagi: 2 of 5
VER‘«"!CA-”ON CROSS WBS1.2.2.1.1
TSIMLARIY 3. INSPECTION  N/A__HOT APCRICAGLG
2, AMALYOIS AIEST

PERFORMANCE
REQUIRERMENT

VERIFICATION FHASE

M {
DEVELOPMENT FOUALIFICATIONS ACCEPTANCH

REMARKS

IPC 3.3.1
Resistance to Damagg
Service Life Analysis

IPC 3.3.2

Glasing Design MPS
& ANSI A119,1
Compliance

IPC 3.4.1
Deflection Liadta=-
tions

IPC 3.8.1
Foundation Settlement

IPC 3.9.1
Design Provisions
Effects of Ponding

IPC5.1.4
Dirt Retention

IPC 5.1.5
Abrasive Wear

IPC 5.1.6
Fluttering by Wind

IPC 5.2.3
Thermai -Cycling
Stresses

IPC5.2.4
Leakage

IPC5,2.5
Deterioration of
Gaskets and Seals

> -
\

2-1 2-1 3-1

2-C 2-C 3-1

2-C 2-C 3-1

2-T7 2-1 3-1

2-C 2-C 3-1

1-C 1-C 5 3-1

1-C 1-C 3~1

1-C 1-C 3-1

1-C 1-C 3-1

1-C 1-C 3-1

1-C 1-C -1
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PEOY-T00 Page 3 of 5
 ITEM (NARE & PART MO,) .
' VERIFICATION CROSS  wBS1,2.2.1.1
Collector Subsystem REFERENCE iAATRIX
LLALLAY CRETINE T d QT 2UPNISA R
VERIFICATION METHOD:  2orr 2 N ——
VERIF N 5
PERFORMANCE ICATION FHASE |
REQUIREMENT : REMARKS
' DEVELOPMUNT ¢ QUALIFICATIONY ACCIPTANCE
IPC 5,3.1 q
Metals/Transfer FluiFrl 1-C 1= 3-1
: Compatability
é IPC 5.3,
1 Corrosion of Dissimi; 2-C 2-C 3-1
' lar Metals
IPC 5,3.3
Corrosion by Leach- 2-C 1-C 3-1
able Substances 5
IPC 5,3.4
Effects of Decompos - 2-C 1-C 31
ition Products {
IPC11.2,1
Chemical Corrosion 2-1 1-1 3-1
Effect on Building
IPC 11,2.2 : :
Heat and Moisture 2-1 2-1 i 3~
F.ffect on Building
IPC 11.3.1 :
Material Compati- 2-1 2-1 3-1 %
bility-Connectors (
]
IPC 6.1.1 ’
Access for Subsystem 1-C 2-C 3-1 .
Maintenance
IPC 6.1.2
Access for Subsystem 1-C 2-C - 3-1
Monitoring '
IPC 6.2,1
Install, Ins tructions 1-1 2-1 3-1
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ITEM (NAME & PART NO,)

Collector Suhsvstem.

VERIFICATION CROSS

REFERENGE MATRI%  WBS1.2.2.L1

IR NI A 3,40 AnTIe NA__UOT AUehiesAnLs
VERIFICATION METHOD: 2,_ANALYNG T
PERFORMANGE VERIFICATION FHASE
i REMARKS
REQUIRENENT DEVELOPMUNT § QUALIFICATION] ACCIFTANCYK
1PC 6,2,2
Maintenance & Oper- 1-1 2-1 3-1
ation Instructions
IPC 6,2,3
Maintenance Plan 1-I RESH 3-1
IPC 6,2,4
Replacement Parts 1-1 2-1 E
and Tools
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ITEM (NAME & PART NO,) VERI?—’!‘CAT ION CROSS
Collector Qual, Testis REFERENCE (AATRIX WBS1,2,3,1
1, CUcA 3,1 ;*::‘f;'go; N/ \ AnL1oN LS ;
VERIFICATION METHOD;  ,~5ia Sll— AL il WA_LOT AL — %
VERIFICATION FHASE |
PERFORMANCE ,‘ REMARKS \
REQUIREMENT DEVELOPMENT XQUALIFICATION ¢ ACCIPTANCE .
IPC 2,3.1
1 Pressure Test 2-C 4-C' 3-1
¥
' IPC 3.1,2
E Service Loads 2-C 4-C 3-1
]
Irc 3,7.1
Hail Size and Loading 2-C 4-C 3-1
|
IPC 5,1.1
Solar Degradation 2~ 4= C E 3-1 3
IPC 5,1.3 ‘
Airborne Pollutants 2-C 4-C 3-1
! !
IPC 5,2.1 i
Thermal Degradation 2-C §  4-C o3~
IPC5,2,6
Transmission Liosses 2-C 4-C 3-1
Due to Out Gassing 8% All inspedtions will
he on coihponents,
1-18
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1 (AME & PART NO, ‘
Eogafge gubsystem ) VERIFICATION CROSS wBS1,2.2.1,2 g
REFERENCE MATRIX :
. Ll llasuy 3400 LECTIRH | N/A__HIQT AVPLICAILE ;
VERIFICATION METHOD: "7 g :
VERIFICAT
PERFORMANCE ICATION PHASE .‘ !
REQUIREMENT : : - REMARKE
vl DEVELOMMINT f QUALIFICATION® ACCIPTANCE + g
’ IPC 1,4.1 ' :
Storage Capacity & 2-C 1-¢ A= :
Rate
' IPC 1.5,1 2-(° e 5.1 j
: Heat Loss
|
IPC 2,1.3
Qperating Conditions 2-C 1-¢ “el !
' f
IPC2,1,6 | i
Thermal Expansion 2=C 1-¢ % 3-1 g
IPC 2,2,4 }
Vacuum Relief 1-C 8 1-C 3-1 E
f
IPC 2,2.5 ¢
Thermal Changes 1-C 1-C 3-1 3,
)
IPC 2.2.6 g
Flexible Joints 1-¢ 1-C 3-1 ;
; |
Pressure/Leak Test 1-¢ 1-¢ ¥ 3-1 :
IPC 2.6,3
Fluid Treatment 1-C 1-C a-1
IPC 2,8,1
Relief Valves & Vent 1-C 1-C 5-1
IPC 4,1.1
Plumbing Codes & 1-C 1-C =1
Standards
JIPC 4,.3,1
Fire Standards 1-C 1=-C G-
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 1TEN (NAIE & PART NO)) VERIFICATION
Storage Subsystem REFERENI)ZEOI"AACT%CI)%S

R DA WG L X554 5 ) RO NIA__LIOT 290115200
VEanlCAT'ON II*ETHODl 2‘ Avl\) c:nl,i 4!.1:1:1.-—-——-——-

WS 1,2,2,1,2

K K FOPIER s R T | T I e e

. VERIFICATION FIIASE
PERFORMANCE "’ ‘ REMARKS
REQUIRENENT DEVELOPMINT « QUALIFICATION & ACCEPTANCE «
IPC 4,17.1
Ieat Protection 1-C 1-C 3-1
IPC 6,1,1
Access for Mainten- 1-C 1~ 3-1
ance
IPC 6,1,2
HNccess for Monitor- 1~C' 1-C a1
§ing
)
IrC 6.1,3 ) N
Draining & Filling 1-C 1-C 3-1 g
IPC 6,1.4 \ g
Ilushing of Liquids 1-C 1-C 3-1 Q
IPC 6,2,1 B
Install, Instructions 1-¢ 2-C 3=-1 {
IrC 6,2,2 .
Operation Instructions 1-C e 3-1
IrPC 6.2,3
Maintenance Plan 1= 2-C o-1
IPC 6,2.4
Replacement Parts 1-C 2-C 3-1
IPC 6.3.1
Tage of Maintenance 1-C 2~ 3-1
|
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L ITEN (NAKIE & PART NO,)
Heating Subsystem

VERIFICATION CROSS

REFERENCE MATRIX

wBs1.2,2,1,3

, 1. L. f..'u‘x 3,_{1‘_ e 7} (4] AUD) ALt p
VERIFICATION METHOD: ;"m0 =y . _K:“‘L‘J‘*"—,I A QL LU '1
. VERIFICATION FHASE J
PERFORMANCE | “ REMARKS
REQUIREMENT DIVELOPMENT ;OUAUHCAT!ON: HhCCEPTANCE ‘ ﬁ
IPC 1,1.1 i : ;
Heating Design Tempd, 1-C 1-C -1 F
IPC 2.1.1 §
Equip, Capabilities 4-C 2-C 3-1 §
IPC 2,2,5
Thermal Changes l=C 1=C )]
IPC 2,2,6 E
Flexible Joints 1-C 1-C V-] é
IPC 2,3,1 3 iy
Pressure Test 1~ 1-C 3-1 ;
1 |3
IPC 2.6.1 ﬁ
Liquid Quality 1-C 1-C 3-1 )
IPC 2,6, 3 11
Iluid Treatment 1-C 1-C 3-1 é
IPC 2,6, 4 f
Freezing Protection 1-C - ¢ d=-T
IPC 2,7.1 |
Appl. Plumbing Stds = C 1-C a-1 !
X
IPC 4.1.1 3 :
Plumbing Codes & 1=C 1-¢ el f
Stds f
IPC 4,1.2 1- ¢ 1-(: i~
Elect, Codes & Stds
IPC 5,2,4
Leakage 1-C 1-C 3-1 |
C l‘.- o 1 !
Wst1® 18ans, Fluid Cprpl-C e 41 §
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Heating Subsystem

ITEM (NANME & PART NO,)

VERIFICATION CROSS

REFERENCE JAATRIX

wBS1,2,2,1,3

VERIFICATION METHOD:

oL ALY

KA U1t N/A__LIQT 2ot 1eniitid

AW, SR PARIOI D PR, T BRI e -

BTSN Y o H I L T St S
VERIFICATION F1IASE
REQUIREMENT DEVELOMMGNT { QUALIFICATIONY ACCIPTAMCE 3

IPC 6, 2.1 !

Inst, Instr, 1-¢ 1-C 3-1 )

IPC 6,2,2

M/D Manual 1-C 1-C 3-1

IPe 6,2,3

Maintenance Plan 1-C 1-C 3=1

i

IPC 6,2,4

Replacenment Parts 1-C 1-C 3-1

IPC 6,3,1 g

Maintenance of Il 1-C 1-C 3-1 E

Systems };
!4
4
:
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 ITERY (NAME & PART NO.)

VERIFICATION CROSS

Auxillary Energy Subsystem REFERENCE MATRIX

WBS1,2,2,1.4

W o o B

VERIFICATION METHOD:

1._"1' '“ f\n".l [ I
2,_A0AL0s

510 TIZH . NIA_DOT Zo7LICAG
LT

S I 5

PERFO‘RM.ANCE VERIFICATION FHASE §
e REMARKS

REQUIREMENT DEVELOPMINT JQUALIFICATION] ACCEFTANCE %
IPC1,8,1 \

Design Loads 1-C 1-C 3-1
{
IPC 2 1,1 )
Equipment Capabili- 1
ties E
;
1
i
!
é
i
d
!
!
d
B
{
X
]
]

!
1-23




R By

PTALI

RLON

Fage lof 4

1-24

\ 'TE'V‘ ueAME & PAHT NO.) VFR l ,:_'!"'1 p“'} } ») | *y g S
RIFICATION CROS var
Hot Water Subsystem PN A wrsit,2,2,1,5
REFTIENCE FANTRIX
. TLAMATINT ) LRl A DT A7PMICASE
V5¢ 'FICATION IETHOD: A,.;“.L 1 : fj -
P ORMA l MiRIFICATH:  "§F g
Fr”.‘ F Q'F?M‘i’!\‘JSE _ o - d REMARKS
(34 LS
BEULAENT ?»' T APMLNT JOQUALIFIZAY 5.0 ACCTPTAMLE o
L COE R RN ML IR TS TN S b -‘.{: . EUN M\. . n: . ] ;
AR g : E
Viarry Dosisn Soony :f‘ 1-¢ S? 1
i b i
SRR B ) ! ¢ !
I HEEKERE N IS .)’Z‘f, [P ‘vy’ -l"'(.‘ k ,:: |
i :. i N
p .‘ \
e g3 ; \
S Uorr v g, . 1-¢ i b
i { Y
{ ‘ 5
L‘ ‘_:,'»,?" oA ¢ i b
] on bl rgan . b ‘ 1-¢ i :
g oS Gt iV § . .‘Iv b
NN : Y
. i a
: ' y
‘H'-"‘l..").! X i E
Fote g or Thannodiy § I 1-C! : ; a 'J
irsfor et et 3 . Y i
1 : §
Fiiv 1.4 ‘ ; ;
Lol Water Temp, AR 1-( ; ' | ;
th 1,81 i . b
Pesipn T.oads { Auxg, l ‘ 1-¢ 5 k
Backup) ; 1
1 i
] b
e 2,1, 2 |
Noise-Irosion Corro«f 17 1-( g ! g
! sion ” W
Ire 2.1.3 : ;
Operating Conditions et 1-C ’ 1
IPC 2.1.6
Thermal Fxpansion off 1-( 1-C 3
Fluids !
IPC 2.1.7
{Pressure Drops bf 1-C X :
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PEO1-230e 24 POOR QUAT.ITV ~ Page 2 of 4
Hot Water Subsystem REFERENCE MATRIX oo b2.2.1.0 |
1oL eIy 3,400 2E0TIRH . N/AL_UIOT AeptlcaLs 3
VERIFICATION MAETHOD: 2,_ASALYTI 4-’..1I.L:-"'I %
PERFORMANGE VERIFICATION PHASE I
- — - REMARKS i
REQUIREMENT o:vuomnmﬁoumncmon: LCCEFTANCE
IPC 2,2,1 | '
‘Vibration Stress 1-C 1-C 3-1
Lievels
IPC 2,2.3
Water Hammer 1-C 1-C A-1
IPC 2.3,1
Pressure Test;: Non-} 1-C 1-C 3-1
potable Fluids
|
1PC 2.3.2 3
Pressure Test: 1-C 1-C 3-I j
Potable E
IPC 2.5.1 ﬂ
Shutdown int Multi- 1-C 1-C 3-1 o
Family Housing ?}
i
IPC 2.6.1 B
Liquid Quality 1-C 1-C 3-1 ¥
IPC 2,81 g
Relief Valves & Ventsf 1-C 1-C 3-1
IPC 4.2.1
System Failure 1-C 1-C 3-1
Prevention
IPC 4.2.2
Auto, Pres, Relief 1-C 1-C 3-1
Valves
IPC 4.6.1
Contamination by 1-C 1-C 3-1
§ Materials
{
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ITEM (NAME & PART NO,)
Hot Water Subsystem

VERIFICATION CROSS

REFERENCE MATRIX

WBS1,2.2.1.5

] 1L ALY 3,44 resien L N/ - anp (e LS 3
VERIFICATION METHOD:  0n 0 JIJ_E{-»-J-M—-} A_LOT £2PLICAMG ;
VERIFICATION FHASE i
PERFORMANCE . K REMARKS ‘
REQUIREMENT DEVELOPMINT {QUALIFICATIONY ACCIPTANCE :
«p : :
i IPC 4,6, 2
Separation of Circu- 1-C 1-C 3-T
lation T.oops
IPC 4,6.3
Backflow Prevention 1-C 1-C 3-1
IPC 4,7.1
Protection from 1-C 1-C a-1
Heated Components
IPC 5.2.3 é
Thermal Cycling 1-C 1-C 3-1 :
Stresses E
IPC 5,2, 4 : ;
Leakage 1-C 1-C 3= H
' !
IPC5.2.5 J
Deterioration o 1-C 1-C 3-1 E
Gaskets & Sealants i
IPC 5.3.1
Materials/Transfer 1-C 1-C 3~
Fluid Compatibility
IPC 5.,3. 2
; Corrosion of Dis- 1-C 1-C 3-T
similar Materials
IPC 5.4.1
Wear and Fatigwe 1-C 1-C 3-1
(Watts Valve) '
IPC 6.1.1
1 Accessibility for 1-C 1-C 3-1
Maint, & Service ’
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L ITEM (NAME & PART NO,)

VERIFICATION CROSS
Hot Water Subsystem on e WBS1,2.2,1.5 A
y REFERENCE fATRIX :
. - 1.-,, ..‘ AS 3. ey Ry "'v\ N/ [} 9N fadh R 3 .
VERIFICATION METHOD; s it S M-CHEILAL WA _LOLEMUGEE —
[}
PERFORMANGE VERIFICATION PHASE 1 {
! n , i REMARKS |
REQUIREMENT owuomnm50ummcmxor~s~‘ ACCEPTANCE ¢ !
IPC 6.1,3 i
Draining & Filling of 1-C 1-C 3~-1
Liquids
IPC 6,1.4 '
Flushing of Liquid 1-C 1-C 3-1 ;
System i}
!
IPC 6.1, 6 |
Potable Water Shut - 1-C 1-C 3-1
off | .
] i
IPC 6.2.1 i :
Install, Instructions 1-C 1-C 3-1 !
IPC 6.2.2 )
Oper. Instructions 1-C 1-C 3-1 Wj’
3
h
IPC 6.2.3 i
Maint, Plan 1-C 1-C 3-1 i
IPC 6.2.4 |
Replacement Parts 1-C 1-C 3-1 §
W
IPC 6,3,.2
Maint, of DHW 1-C 1-C 3-7
System é
s
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PEOL.T 0 Fage 1 of 6
ITEM (NAKE & PART NO,) VERIFICAT ION CROSS
Energy Transport Subsystem REFERENCE MATR ';( WBS1,2.2,1,6
| { { o
. 1A T O 4 S0U RN I '
VERIFICATION ISETHOD: g AsALYTLE ji% NIA__ LT AP IS B s %
VERIFICATION PHASE i
PERFORMANCE ICATION FHIAS AEMARKS
REQUIREMENT . { 3
DEVELOMAGNT  OUALIFICATIONG ACCIPTANCE § ;
IPC1.1.5
Operational Impair- 1-C 1-C 3-1
1 ment (H, H, C)
IPC1.2.4
Operational Impair- 1-C 1-C 3-1
ment (DHW) -
IPC1.5.1
Heat or Humidity 1-C 1-C 3-1

Transfer Effects

IPC1.6.1
Thermal Losses & 2-C 2-C 3-1
Electrical Power

IPC 2.1.1 .
Equip. Capabilities 2-C 2-C 3-1

IPC 2,1.2
Noise or Erosion 2-C 2-C 3-1
Corrosion

RTINSO SR IYSS

IPC 2,1.6
Thermal Expansion
of Fluids '

3-17

&
1
!
ro
1
A

IPC 2.1.7
Pressure Drops 2-C

03
1
Q -

3~-1

IPC 2.1,3
Operating Conditions 1-C 1-C 3-1

IPC 2.1.5 _
Entrapped Air 1-C 1-C 1 3-1

IPC 2.2.1 .
Vibrating Stress 1-C 1-C 3-1
ugvels -
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system  REFERENCE MATRIX e
1, :vl'*” oqux <NICH M Tl N/Q t‘QI E')n| Ir- 5_-” s P
VERIFICATION tETHOD: )37 o 4_‘13_%?'““1"‘1"1 g
VERIFICATION FHASE '
PERFORMANCE L~ - 4' REMARKS
REQUIREMENT o:vuom:mrioununcanoné ACCEPTANCE q
. IPC 2.2.3 i T ' i
: ‘Water Ham mer 1-C 1-C 3-1
4
: IPC 2,2.4
Vacuum Relief 1-C 1-C 3=
Protection
IPC 2,2,5
Thermal Changes 1-C 1-C 3-1
IPC 2.2,6 l
Flexible Joints 1-C 1-C 3 3-1 ]
/
IPC 2.2,2
Vibration from 1-C 1-C 3-1
Moving Parts 1
. 4
. 'n
IPC 2.3.1 ' a
Pressure Test Non- 1-C 1-C 3-1 i
potable Fluids
IPC 2.6.,1
Liquid Quality 1-C 1-C 3-1
IPC 2,6.3 .
Fluid Treatment 1-C 1-C 3~1
IPC 2.6.4 k
. Freezing Protection 1-C 1-C 3-1
IPC 2.7.1
Applicable Plumbing 2-C '} 2-C 3-1
Standards
IPC 2.8,1
YRelief Valves & Vents 1-C 1-C 3~1
PeSidnophovisions 2-C 9-C 3-1
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| ITEM (NARSE & PART NO.) VERIFICATION CROSS

E 4 T t S b" ] - ! . DN ]
nergy Transort Sylem  REFERENCE fAATRIX o0 L2216

. LLALALITY 3 4L T NAL_ AT Aol leaata
VERIFICATION METHOD: " °n - AT I

VERIF! FHASE
PERFORMANCE FICATION PHAS ‘ RERMARKS

REQUIREMENT

- 4 K
DEVELOPMENT xQUALIFICATIONY ACCXPTANCE

IPC 4.1,1
Plumbing Codes & 1-C 1-C 3~1
Standards

IPC 4,2,.2
Automatic Pressure 1-C 1-
Relief Valves

¢

3-1

IPC 4,.3.1
Applicable Fire 1-C 1-C 3-1
Standards i

IPC 4,3,2

Penetrations Thru
Fire-Related 1~C 1-C 3=~
Assemblies

IPC 4.4.1
Provision of Catch 1-C 1-C 3-1
Basins

IPC 4.4,2
Detection of To xic 1-C 1-C 3-1
& Flammabkle Fluids

IPC 4.5.1
Emergency Egress & 1-C 1-C 3-1
Access -

IPC 4,5,2
Identifications and 1-C 1-C 3-T
Locati n of Controls

IPC 4,6.1 .
Contamination by 1-C 1-C
‘| Materials _ )

L
1
—
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ORIGINAL PAGE 15

ofr POOR QU
PEOY.T1e Page 4 of 6

ITERY (NAME & PART NO,) e
Energy Transport Sub- VERL lCAT'ON CROSS

system  REFERENCE MATRIX

WBS1.2,2,1.6

1' ATRE] v 3. i ISPy N/ [ : N Pl' e i
VERIFICATION METHOD: 2"““”“%“, Tag "-‘_{‘:;'5‘1‘&—1 A—LQTACPLIZAIME . :

VERIFICATION FHASE |
PERFORMANCE NF ‘ |
REQUIREMENT { . ! 2 REMARKE ;

e DEVELOMAONT ?OUAL!F!CATION! ACCEPTANCE
IPC 4.6, 2 ' | : ;

‘Separation of 1-C 1-C 3-1
% Circulation Loops

IPC 4.6.3
Backflow Prevention 1-C 1-C 3-1
IPC 4.7.1
Protection from 1-C 1-C 3-1

Heated Components

IPC 5,1.2 \
Soil Corrosion 1-C 1-C 3-1

IPC 5,1.3
Airborne Pollutants 1-C 1-C 3~1

FLRLT TR SOQTORE LR,

IPC 5.2,1
Thermal Degradation 1-C 1-C 3-1

IPC 5,2.2
Deterioration of Heat 1-C 1-C ; 5=1
Transfer. Fluids

S 3 PR i Rt - o Ymbudoden v g

‘ IPC5,2,3
. . Thermal Cycling 1-C 1-C -1
: Stresses

IPC 5,2,4
Leakage 1-C 1-C a-1

OPETTTR  YTETY

IPC 5.2.5
Deterioration of .
Gaskets and Sealants 1-C 1-C -1

RIPC 5,3.1
Materials/Transfer 1-C 1-C 3-T1
Fluid Compatibility
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PEOYLZING
TR (NAKE & PART NO.)
E el

nergy T ransporg b%ltb

VERITICATION CPOSS

em

REFERENCE #iAIRIX

WBS1 2.2,1.6

VERIFICATION METHOD:

LALIAZTY 3.4
2. Aviql ‘c In 4‘_1" I

] I‘ I N'Q IGQI E‘)ﬂt lf‘:\ " »

PERFORMANCE

VERIFICATION PHASE

i

REQUIREMENT

D!V!LONHNI’"ﬁOUALIFICATlDN‘! ACCRPTANCE

REMARKG

IPC 5,3.2
‘Corrosion of Dig~
similar Materials

IPC 5,3.3
Corrosion by Leach-
le Substances

IPC 5.4.1
Wear & Fatigwe

IPC 6,1,1
Access for System
Maintenance

IPC 6.1.2
Accesgs for System
Monitoring

IPC 6.1.3
Draining & Filling
of Liquids

IPC 6.1.4
Flushing of Liquid
Subsystems

IPC 6.1.6
Potable Water Shutoff

IPC 6,2.1
Install, Instructions

IPC 6.2,2 .
Maintenance & Oper-
Jation Instructions

IPC 6.2,3
Maintenance Plan.

1-C

1-C

1-C

1-C

1-C

1-C

1-C

1-C

1-C

1-C

L]

1-C

1-C

1-C

1-C

1-C

1-C

1-C

1-C

3-1

3-1

3-T

3-1

3-1

3
}
—

3-1

3-1

3-1

3-1

TSI FLAL L O TV AT
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ITEM (NAME & PART NO,) VER! F'CAT'ON CROSS ,
Energy Transport Subsystermn REFERENCE MMATRIX WBS1,2.2.1.6
y o hAASITY 3 aere L NA_ QT 200l Ig ki 2
VERIFICATION METHOD: 2._AALYLNIS 4:{-—: "1 ! g
VERIFICATION PHASE
PERFORMANCE . ° ! REMARKS
REQUIREMENT DEVELOPMINT §OUALIFICATION ¢ ACCIPTAMCE
) IPC 6.2.4 ‘ | . :
Replacement Paris 1-C 1-C 3-1
g IPC 6, 3.1
‘ Maintenance of H & 1-C 1-C 3~ ]
HC Systems '
IPC 6,3.2
Maintenance of DHW 1-C 1-C 3~1
Systems )
i

TR R, IO T STII v DOCTRGE AT
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PEOY-N0 | Page 1 of 3 -
ITEN (NAME & PART NO,) VERV‘CAT'ON CPO PS
Control Subsystem ' A A WBS1,2.2,1.7
: Y REFLRENCE [1ATR
: LRSANSIRAY A A J b Sl NALQT L PLIC, i ‘
VERIFICATION METHOD:  , 370" e TALS %
VERIFICATION PHASE
PERFORMANCE — ! REMARKS
REQUIREMENT Dwuom:m;omumcm;oué ACCIPTANCE § {
g
IPC1,7,1
Installation and 2,4 2-C 3~1
Maintenance -C
)
IPC 1.7.2 j
Manual Adjustment 2,4 2-C 4 3-1 1
-C
IPC1.7.3
Ihhabited Space Temp} 2,4 2-C 3-1
Control -C
IPC1,7.4
Hot Water Temp, 2,4 2-C 3-1
-C
P 2.2,5 a
Twere ol Changes 1-C 2-C 3-1
S N
¥ Churddow s Multi Unit 1-C 2-C 3-T
JPC 3.5,1
Design Provisions 1-C 2-C -1
IPC 4.1.2
Electrical Codes 1-C 2-C 3T
IPC 4,2.1
System Failure 4-C 2-C 3-1
Prevention
IPC 4.3.1
Applicable Fire 2-C 2-C 3-1
Standards .
IPC 4.3.2
.} Penetrations - Fire 2-C 2-C 3-1
Rated Assemblies
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ORIGINAL PAGE 18
OF POOR QUALITY

MFO1.330¢ Page 2 of 8
o .
' 1.0 LA . 3. PRI Y ' o o
VERIFICATION METHOD: 3t S5l P S §
v 5 ' '
PERFORMANCE ERIFICATION PlonE J
REQUIREMENT ‘ | ' REMARKS
DEVELOPMINT (OUALIFICATION' ACCEPTANCE 4 f{
IPC 4,5.2 ?
Ident, and Location 2-C 2-C 31
IPC 4,6,1
Contamination by 1-C 2a( 3-1
Materials
IPC 5,2.1
Thermal Degradation 1-C 2-C 31 :
IPC 5,2,3 ]
Thermal Cycling 1-C 2-C ' 3-1 5
Stregses
IPC 5.2,5 E
Deterioration of 1-C 2-C 3-1 ﬁ
Gaskets and Sealants . l
. }
IPC 5,3.1 {
Materials/Transfer 1-C 2-C 3-1 ﬁ
Fluid Compatibility ;
IPC 5.3.2
Corrosion of Dis~ 1-C 2-C 3=-1
similar Materials ’
IPC 5.4,1
Wear and Fatigue 1-¢ 2-C 3=-1
IPC 6.1.1
Access for Maint, 1-C 2-C 3-1
IPC 6,2.1 '
Install, Instructions 1-C 2-C 3-1
11PC 6,2.2
Maintenance and | 1-C 2-C 3-1
Operation Instructiond
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 (TERM (HAME & PART NO,)
Control Subsystem

VERIFICATIOM CRDSS

REF-RENCE MATRIX

wB51,2 2.1.7

VERIFICATION METHOD:

LABEY T VI TR NA_SOL A e A

8
LANMLIS . AT i
VERIFICATION PHASE i
PERFORMANCE 4 REMARKS
REQUIREMENT DEVRLOPMENT s OUALIFICATIONY AcCIPTANCE _
IPC 6,2,3 ’ |
Maintenance Plan 1-¢ 2= 3-1
IPC 6.2,4
Replacement Parts 1-C 2-C 3=-1
IPC 6,3,1 1-¢ REIS 3-1
Servicing H & HC
IPC 6.3, 2
Serviuing HW 1-¢ Y- (" 3-1
g
)
d
i
-
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ITER (WAME & PART NO.) - : 7 PUOR QUay,
EH (MAME & PAR VERIFICATION CROSS ITY
Date System REFERENCE MATRIX WBS 1.2.2.1.8 i
, 1, ""’” Q»".]Ix &Jﬂ '-\'-‘-!"I'lv_';"vl N/A itQI E'm’ xr‘:\_'“ 5l Q
VERIFICATION fAETHOD: 2, ASALYAIY 4TI {
VERIFICATION PHASE
PERFORMANCE ! > 4 s
REQUIREMEN — | ; REMARKS
UIREMENT DEVELOMMENT { OUALIFICATIONS ACCIPTAWCE i 4
n/a
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PEOY-T30e Page 1l of ]
' JANME & PART NO,
VTEM (A ’ VERIFICATION CROSS g
Electrical Subsystem REFERENCE MI‘&TR'X WBS 1l.2.2.1.9
1L AC1yY 9, Y anyer N/ ) AN oYL \
VERIFICATION METHOD: 3 v ‘.—‘_Lf;wm—: A_LQT 220ISI0E . ;
VERIFICATION FHASE
PERFORMANCE o i AEMARKS |
REQUIREMENT D!V!LO?MGNT?XOUAL!FICATtONl ACCEFTAKCE "
IPC 4.1.2 1-C 1-C 3-1 ]
* Electrical Codes
IPC 8.3.2 1-1 1-1 3-1
Electrical Connections
IPC 8.3.3 2-1 2-1 3-1
Lightning Protection
]
1 g
%
34
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¢
£ ]
H
M
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ITEM (NAME & PART RO,)

system Integration

VERIFICATION CROSS

REFERENCE MATRIX

wBsS 1.2.2.1.10

. LACIASITY v S IEI2ECTIOH - NA_UOT EDPLICAE - ¢
VERIFICATION fAETHOD: 2. AYALYAE 4 10T g
‘ VERIFICATION PHASE ' 5 ‘
PERFORMANCE - ,% REMARKS \
REQUIREMENT own.omum’fiounmcmxoué ACCIFTANCE
IPC 9.2.1. 1-I 2-1 3-1 ‘}
Loads
IPC 9.2.2 1-1 2-1 3-1
Penetration of Struct-
ural Members
IPC 9.3.1 1-1 2-1 3-1
Structural Connections
t
IPC 9.3.3 1-1 2] 3-1
Strength & sStiffness
f
g
d
B
d
i
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‘ PEO1ZI00 Page 1 of 2
ITEN (NALE & PART NO,) ' :
System Development and VERI 'CA”O.N CROSS
Verification REFERENCE IMATR IX
1. 0L LA g, U AECTIS N/ 1 AP ISAMLD F
VERIFICATION METHOD: o= Sl Ll NALLATMEAIS — -
VERIFICATION FHASE i
PERFORNANCE REMARKS
3 REQUIREMENT D!V!Lomcmiouumcn:w: ACCIPTANCE & :
," \ ! Y
IPC 1.1.1 N/A N/A 3
Heating Design Temp.
IPC 1.1.3 N/A N/A 3
: RH & Water Vapor
g Pressure
[ IPC 1.1.4 N/A N/A 4
Solar Contribution
IPC 1.1.5 N/A N/A 3
A Operation Impairment
IFC 1.2.1 N/A N/A ’ 3 3
Draw & Temperature ’
Design O/P (HW) E
IPC 1.2.3 N/A N/A 4 ¢
Solar Contribution 3
IPC 1.5.1 N/A N/A 3 %
Heat or Humidity q
Transfer Effects i
N
!
IPC 1.8.1 N/A N/A 3 !
Design Heat Loads
(Aux. )
IPC 2.3.3 N/A N/A 37
Air Transport Systems
IPC 2.4.2 N/A N/,A 3 l
Mutual Shadowing ;
IPC 2.6.2 N/A . N/A 3
Air Quality
IPC 3.2.3 : N/A N/A 3
Vehicular Loads
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RIGINAL PAGE IB
%F ‘PO(;P (AT 1TY

— Page 2 of 2
3 (RAME & PART NO, -
';;iLL g*gevelopmnt o VERIFICATION CROSS
verification REFERENCE MATRIX
IRV AN ESTIZH L NAA_DOT APPLICA NG ¢
vERlFlCAT'ON fr’iETHOD. 2' 6.‘“\, !Evnlvn d'.I:.;I %
VERIFICATION FHASE {
PERFORMANCE ’ 4 REMARKS ;
REQUIREMENT olvnomumioununcutowi' /CCEPTANCE ~

[

IPC 3.5.,1 N/A N/A 3
‘Design Provisions

IPC 3.6.1 N/A N/A 3
Deflection Limitations

IPC 3.8.2 N/A N/A 3
Foundation Settlement

IpC 4.3.2 . N/A N/A 3
Penetrations

IPC 4.5.1 N/A N/A X 3
Emergency Egress &
Access

IPC 6.1.5 N/A N/A 3
Filters

1PC 7.1 N/A N/A 3
Design

IPC 8.1 N/A N/A 3
Interference with
Mech. Operation

SEXTY S TEFO MO, TEO OSSR f2n TR IOu RS ST

IPC 9.1 N/A N/A 3
Structural Integrity
IPC 10.1 ' N/A N/A 3
Safety ) !
IPC 11.1 N/A N/A 3 é
Durability and Relia-
bility
IPC 12.1 N/A N/A 3
Maintainability
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3.0 DRAWINGS AND HONEYWELL/GOVERNMENT FURNISHED EQUIPMENT
LIST

Installation drawings of all single family heating subsystems are included in
appendices A through K. Appendix A is entitled System Integration and serves
as a top drawing for the subsystem designed by Honeywell, it lists the require-
ments for integration of the subsystems into the site and dwelling.

The installation drawings included in appendices A through K delineate the
material needed to install the Solar Heating System. Only part of the material
shown on these drawings will be furnished by Honeywell for NASA.

To assist the architect in preparation of the request for bids, the list of

Honeywell/Government furnished equipment was compiled. This list is shown
in the following table.
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Honeywell

ENERGY RESOURCES CENTER CODE IDENTIFICATION NO, 55513

HONEYWELL REQUIREMENTS SPECIFICATIONNO.  |HRS  gr.140021
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System Performance Specifications
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Specification No, SFRH~1
Page Date 86 February, 1976
Page 1 of 4

Revised 30 June, 1977
Revised 3 August, 1977

SYSTEM INDENTIFICATION

This Appendix defines the performance and installation drawings for
Residential Heating System, Honeywell Inc,, System Model Number

SFR~-T56H-2,
i
SYSTEM PERFORMANCE SHEETS
~ Site -
§ The system shall be installed in a residence in the city of New Castle, in

the county of Lawrence, state of Pennsylvania.

Heating Capacity -

The system will provide solar energy for 46.5% of the average total heating
loadl during the heating season® based on an average total heating load of
4,0 x 106 BTU/Month3 and a peak heating load of 35, 250 3TU/Hour on
January 25, 1961 (-12°F'),

Auxiliary Energy-~ '

The average rate of auxiliary energy input used for heating shall be no
greater than 2.6 x 1068 BTU/Month of the total energy required for heating,
including hot water, 4 This shall be no greater than 4% of the total energy
required for heating.

Footnotes:

1. Yearly heating (or cooling) load minus auxiliary supplied for heating
(or cooling) divided by the yearly total heating (or cooling) load.

2. Based on the number of months that have a heating (or cooling) load.

3. Total yearly heating (or cooling) load divided by the number of months
that have a heating (or cooling) load.

4, Average monthly auxiliary energy is the total auxiliary for heating and
hot water (or cooling) divided by the number of months that have auxiliary
for heating and hot water (or cooling).

5. Average monthly auxiliary energy divided by fntal yearly load for heating
and hot water (or cooling).
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SYSTEM PERFORMANCE SPICIFICATION

Specification No. SFRII~1
Page Date 6 February 1976
Page 2 of 4

Revised 30 June 1977
Revised 3 August 1977

Hot Water-

52 gallons of potable (or usable) hot water shall be delivered at no less than
3 gal/min at temperatures no less than 140°F, Recovery time shall be no
greater than 1.3 hours, The average hot water heating load will be 1.8 x 10
BTU/Month of which 32 % is provided by auxiliary energy.

Operating Requirements-

The maximum electrical energy required to drive only the solar portion of
the system at its rated capacity shsall be no greater than .63 KW. The maxi-
mum electrical energy required to drive the complete system shall be no
greater than 1.1 KW, The average yearly electrical energy, including auxil-
iary energy, required to drive the system shall be no greater than 7420 KWH,

R e RN T

Physical Data ~ Table III
The following subsystems shall have:

Bxpected life nu Weight (filled) no  Installation

lesg than: greater thant dimensions;
Heating 10 yrs. 34 lbs. 28" x 21" x 14"
Cooling NA NA NA
Auxiliary Energy

- Heat Pump Indoor Unit 10yrs, 214 lbs, 28" x 21" x 53 1/2"

- Heat Punip Qutdoor Unit 10 yrs, 325 bs, 48 1/8" x 21 3/8" x 30 1/2"
Storage 10 yrs. §500 Ibs. 64" xia, x 72" long
Potable Water Preheat 10 yrs, 40 lbg, 7 3/4" dia. x 30" long
Potable Water 10 yrs, 559 Ibs 18" dia, x 58 9/168" high
Collector 10 yrs, 9,0 lhsli‘t‘q 3" x 6' x61/2"ea,
Encrgy Transport 10 yrs. TBD NA
Controls 10yrs, THD NA

i
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SYSTEM PERFORMANCYE SPECIFICATION

Specification No. SFRH=-1
Page Date 6 February 1976
Page 3, of 4,

Revised 30 June 1977
Revised 3 August 1977

INSTALLATION DRAWING SHEETS

SK~142106 SINGLE FAMILY RESIDENCE
SYSTEM INTEGRATION

SUBSYSTEM DRAWING SCHEDULE

SK=~142101 Collector Subsgystem
SK-142050 Storage Subsystem
SK ~142102 Auxiliary Encrgy and Space
Heating Subsystems

SK~142052 Hot Water Subsystem

S SK~142053 Energy Transport Subsystem
SK~142105 Control Subsystem
SK~142104 Site Data Aquisition Subsystem
SK ~142103 Electrical Subsvsiem
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Specification No, SFRH-1
Page Date 6 February 1976
Page 4 of 4
Revised 30 June 1977
Revised 3 August 1977
Performance Analysis Summary for the residence in the city of W. . astle,
in the county of Lawrence, state of Pennsylvania.
:
6 Auxiliary Bnergy Input (106 Btu)
Lioad (10" Btu)
Heat Pump Elec., Coil Hot Water Heater
Month Heating ot Water Input Input Input
1 10. 4 2.0 2.4 1.8 11 )
2 6.8 1.8 2.1 0.2 1.1
3 4,8 2.0 0.7 0.0 0.9
4 4,5 1.9 0.7 0.0 0.9
5 2.3 1.8 0.0 0.0 0.3
6 0.7 1.6 0.0 0.0 0.0
7 0.2 1.5 0.0 0.0 0.0
8 0.1 1.6 0.0 0.0 0.0
3 9 0.5 1.5 0.0 0.0 0.0
' 10 2.7 1.6 0.0 0.0 0.2
* 11 5.4 1.7 1.3 0.0 0.9
i 12 9.9 2.0 3.5 1.0 1.3
TOTAL 48,2 21.0 10. 7 3.0 6.7

2-5
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Document F3437-F-103
3 August 1977
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SPECIAL HANDLING INSTALLATION AND MAINTENANCE TOOL LIST

1.0 ANALYSIS

An analysis of subsystem installations was conducted to determine if special
handling or installation tools are required for a single family solar heating
system.

A tool or piece of equipment is assumed to be special if a typical HVAC con~
tractor does not have the tool or equipment or that he cannot obtain an infre-

; quently used tool or equipment through local hire. To assure complete
analysis, the matrix presented in Figure 3-1 was used. Those blocks marked
in the matrix with a note represent items deemed unusual or questionable as
to their status as standard equipment, each item has been investigated in more
detail. The results of this further investigation and the availability of tools

or equipment is presented in the notes following the matrix.

2.0 CONCLUSIONS

The conclusion of this analysis is that there are no special purpose tools or
equipment required in a single family solar heating system. All tools or
equipment required would be possessed by a typical HVAC contractor or be
available through local hire,

2 : &
& & & & & 2 3
oL & S A d}‘ / Y +
Y v ¥ S S Syl S
liad ~ SN N &
S S F Sy S /9 S
TITLE & /& /& e S8 &8 &
Ve s /g S & Y &
COLLECTOR SUBSYSTEM NOTE L | N/A | N/A | NOTE 2| NOTE 3 | NOTE 4
ENERGY STORAGE NOTE1 | N/A | N/A N/A | N/A I N/A
SPACE HEATING N/A | N/A D N/A N/A ] ON/A L N/A
AUXILIARY EXERGY SUBSYSTEM | NOTES | N/A |NOTEG| N/A | N/A .+ N/A
, HOT WATER SUBSYSTEM N/A | NIA [ NJA | ONA L ON/A N
CNERGY TRANSPORT SUBSYSTEM | N/A | N/A | N/A | NA | N/ | N/a
CONTROLS SUBSYSTEM N/A | N/A | N/A N/A | N/A I N/A
ELECTRICAL SUBSYSTEM N/A | NJA | N/A N/A | N/A N/
 INTEGRATION HARDWARE N/A | N/ | NA N/A | NJA } N/A

Figure 3-1. Tool Analysis




3.0 NOTES

Note 1:
Collector and storage tank installation will require a crane or lift truck.
This is available for local hire in any location,

Note 2: '
Pressure testing will require an air compressor, which is either in the
inventory of an HVAC contractor or is available on a daily rental basis.

] ” Note 3:

Fluid installation in the collector loop will require a positive displacement
pump and fittings. This is standard HVAC equipment used for filling hydronic
heating systems.

Note 4:

Measurements made during system balancing will require pressure gauges
and differential pressure gauges. These gauges are the same as those used
for hydronic heating system balancing and should be in the possession of a
typical HVAC contractor.

Note 5:
Placing of the heat pump outdnor unit wili require a crane of lift truck. This
is available for local hire in any location.

Note 6:

Installation of the heat pump system will require special tools normally
required for such installations. These tools would be owned by a typical
HVAC contractor.

3-3
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1.0 INTRODUCTION

This spare parts list is submitted under Data Item 16 for the Single Family
Residential Solar Heating System being installed at the New Castle, Pennsyl-
vania site.

2,0 DEFINITIONS

a) Spare parts are those repair parts NASA/MSFC should procure
and have on hand in case of subsystem/component failure because
the item is a '""non-standard" device or "one of a kind" device and
repair parts would probably not be available.

b) Replacement parts are those repair parts that the component sup-
plier could be expected to provide normally as HVAC industiry
standard practice. These replacement parts are normally available
for all standard/catalog items.

3.0 BASIS

This spare parts list was determined utilizing a support philosophy that
relies upon the HVAC dealer/distributor/factory to provide replacement
parts when required. Only in those subsystems/components where it is
not a ""standard" component will replacement parts be recommended as

spare parts,

The screening criteria used classified all components that were passive, i.e.,
pipes, tanks, heat exchangers, coils, cabinetry, etc., with "P". Only

active (A) components were reviewed to determine if the item was "'standard/
catalog" (std) or "special" (sp). Table 4-1 lists all the solar heating compo-
nents and their classification and type.

4.0 RECOMMENDATIONS

There are no items recommended as spare parts for the SFR Solar Heating
System at New Castle, Pennsylvania.
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2 Header Vnnembiy ahel42004 31 Honeyeell 1
L Neath t \ngonehly Nho 42064 < 2¢ Honeyweld n
1 Fhose Vtnenhis wly o 142000 Hoeneywoell (L]
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STORNVGIL | Tunkellot Water Serag Sk~ 142008\ Jonecywe i Y
(inetudes Tlat Water €l
AU SINAYIAY 1 Spracy Hgatmyg Copl CW 31edy Laennox Indusirvies "
LNLRGY AND ! Flest Pump Qutstons |l 1IL0-31y Lenpox Indust s A NI >10 0
BRACL HHINY | Pheat Punsp Dnsdase Lol SO LUTEH Liennox Industeies P
) Retrigerant Lane Set L0=1e80 Laennox Industries P
I Electeie Reating Coid ECHIU-41-971 Lennox Indastres A srn >10 0
DOAESTIC | HeatersHor W ater RN Laochinvai A sTh >i0 0
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MANUAL OUTLINE

I. System Function
II. System Components
(Refer to Appendices)

Maintenance

I. System Monitoring
II. Periodic Maintenance Schedule
III, System Components

(Refer to Appendices)

Installation Instructions

I. General

II. Subsystems and Components
(Refer to Appendices)

III. Start-up and Check=~out

IV, Balancing

Appendices

Appendix A,
Appendix B.
Appendix C.

Appendix D.
Appendix E,
Appendix F.
Appendix G.

"
-

Manual ~ Solar Collector

Manual - Purge Cooling Unit

Manual - Heat Pump Indoor and Outdoor Units, and Auxiliary
Electric Heating Coil

Specification - Space Heat Coil

Catalog Sheet Manual - Domestic Hot Water Heater

Manual - Energy Transport Module

Manual - Control Panel and All Other Control Components

5-2
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PART NO.

SINGLE-FAMILY RESIDENTIAL HEATING SYSTEM DESCHRIPTION

The single«fomily resldenttol heating system o 8 solar~ussisted,
hydronie-toewarm alr heating cubsystem with solcr=usninted domestic water
heating, 'The system s componed of the following muajor componcutss

o Liquid cooted flat plate colleetorn
A water storage tunk
A golar hydronie space heating coll
A passive solar fired domentic water preheater

An clectric hotewater heater

A tube=and=ahiell heat exchanger, three pumps, and assocfuted
plpes ond valving in an energy transport module,

A control pystem
An alr-cooled heat prrge unit
o Auxiliary heating sources

= Conventional electric heat pump

= Electric resistance heoting cofl
The arrangements of components within the system {s as shown on sheet 2,
The system consiote of a glycol/water collector loop which {nterfaces with a
water storage/heating loop, through o tube-and-shell heat exchonger, A domestic
hot-water preheat coil is located in the storsge tank,

The glyeol/water collector loop consists of the solar collectors, the shell side
of the heat exchanger, the purge cofl and pump Py, and a control valve as
required for the different modes of operation,

The water storage/heating loop consists of the storage tank, storage pump Py,
heating pump Py, the tube side of the heat exchanger, the solar heating cofl, and
a control valve as required for the different modes of operation.

The system control logic {5 as follows:
o Collect solar energy when available
= Store energy under no load conditions
= Provide energy directly to load on demand
e Use direct solar energy before stored energy
e Use stored euergy when direct solar energy is not avallable
o Use direct or stoved solar energy bufore auxiliary energy

The system provides 6 modes of operation;
e Direct heating from collectors

Heating from storage

Storage charging

Purging exceso energy

Auxiliary heating

e & 9 3 e

Continuous domestic hot water preheating

He 27
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REVISIONS
LTR DESCRIPTION DATE APFAQVED

. ORIGINAL PAGE IS
OF POOR QUALITY

System Operation «- When solar energy is avallable and heating is required, the

collectors supply heat directly to the system, Pump Py provides the heat trunsfer

fluld movement in the collectcr loop, pump Py cireulates the storage/heating i J

joop, and the heat pump (indoor unit) blower moves the space ulr over the solar J .
space heating coils During periods of high solar radiation and no heating MLDOU’I FRAME
demand, both collector and storage loops opurate simultaneously, with the

storage charge pump Py charying the storage tank by removing water from the

bottom, adding cnergy in the heat exchanger and returning It to the top of the

storage tank, thus taking advantage of thermal stratification  During periods

of high solar radiation and low heating demand and with the storage tank fully

charged, the system temperatures will increas and, as an overtemperature

< protective device, the purge cotl operates, controliing the downstream

temperatures to a preselected value, When solar energy (5 not availuble snd heating

is required, storage supplies heat directly to the solar spuce heating coil, Pump

Py extracts heat from the top of the storsde tank and returns it to the bottom,

again takirg advantage of the tank stratification, If the storage tank temperature

‘ s not high ¢nough to supply heating, or the heating load cannot be satisfied Ly

the solar system, auxillary space heating will be provided by the heat pump

and/or the electric resistance heating coil,
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PART NO,

INSTALLATION CRITERIA

SECTION 15,010 GENERAL, PROVISIONS

15,040 STARTING OF PIPING SYSTEMS:

1) Complete testing of collector lonp as called for elsewhere in

/ OLOLOUT FRAME conector, Loop

three specilicationa,

2) Filling and Cleaning Precautionat

a) Cover collectors before filling op £ill at night,
b) Do not operate pumps dry,

¢) Do not over-pressurize system on (nitial fil1,

3) Clean aystem with a solution of 1 gallon trisodium phosphate
per 100 gallon water circulating for four houra. Check strainers
periodically and clean as necessary to avoid damuge to pump.

4) Drain cleaning solution and measure collecior loop fluld volume
80 that correct amount ethylene glycol can be added,

5

Flush system with clean water for two hours.

Collector loop filling procedure:

8) Open vent at top of collectors

b) Fill aystem with proper amount of ethylene glycol to provide

a 50% by volume solution,

¢} Add corrosion inhibitor as per manufucturer's recommeadations.
d) Operate control valves as necesaary to fill all plping and remove
all air from aystem,
Close vent and add fluid to provide a nominal 20 psl gauge pres-
sure at module fill point,
f) Operate aystem and check all vents to eliminate all air from
system,
Add water to pressurize sysiem as shown on mechanical plans,

'Y

B, Storage/Heating Loop:

1) Complete testing of atorage/heating loop as called for elscwhere
in these specifications,

-~

Filling and cleaning precautions; same as above,
)

~

Flush atorage tank with a hose.
4

Fluah piping with clean water for two hours,
5

Storsge/heatirg loop filling procedure:

a) Add water to system up to proper level in storage tank,

b} Operate control valves as necessary to (il all piping and
remove all air from system.

¢) Recheck atorage tank level and fill accordingly.

d) Add corrosion inhibitor in quantity specified,

C. System Opetation:

Uncover collectors and operate system for severa) days under auto-
matlc control, Check syatem fluid levela, air vents, and operating
pressure periodically,

D. Contractor will be assisted by systems engineer, Submit results of
above work to architect.

15.042 TESTING

Solar Heating System Pipirg: (except collector headers, storage
hnk. and hoa# connections 10 collectaurs).

1) Test after erection and before conceallng or covering. Any
materials or workmanship found faulty ahall be ceplaced or
repaired and scctions or aystemo retested,

2) These syatems shall be proven tight under a hydrostatic pres-
sure of 100 psig.

B. Collector Headers and Hose Conncctions to Collectare:

1) Test after ercction and before concealing or cavering. Any
materials or workmanship found faulty shall be replaced or
repalred and sections or systems retested.

2} Cover collectors or conduct test &t night.

3) These ayatems shall be proven tight under » hydrostatic pren-
sure of 50 paig.

C. Test results shall be submitted to architect.

15, 043 BALANCING OF SYSTEMS

A, Mydronic Systems;

1) Dalance flow rate of ench pump to within 5% of specificd flow
as shown on plans,

2) Halance flow rate through each branch clrcuit to within 5% of
apecified flow as shown on plans,

Alr Systema:

Balance air system 0 aa to provide fiow rate at Solar Space Heating
Coll within 5% of apecified flow rate as shown on plans,
C. Motor Ampsrages:

Measure all motor amperages and compare with pameplate ratings.

D. Balancing results shail be submiticd to architect,

SECTION 15.050 BASIC MATERIALS AND METHODS

15.050 PIPE AND PIPE FITTINGS:

A. Solar Heating Svatem:

Type "M" hard drawn copper tubing with wrought copper or cast
bronze fittings, Solder joints made with 95-% tin-antimony solder.,

Instailation Method:

According to manufacturerts instructions.

o

General Requirements;

1} Al piping shall be rua parallel to adjoining building surfaces
and by the most direct route, Exposed piping shall be run as
close to celling and/or walls as possible,

-

All piping shall be Installed so as to allow for movement due
10 thermal expansion .nd contraction,

3) Install manual air vents as shown on plans and all high points In
the system,

4) Anchor vertical piping for support as required, lostall pipe
bangars in horizontal piping at eight foot intervals, Pipe hangara
shall be F&M No, 364 or No, 365, or Autogrip, or equal, Provide
:l.l eight Inch section of rigid insulation for pipe saddle within exch

nger,

15,100 VALVES:

A, Manufactyre:

Valvu shall be manulutured by Crane, Jenkins, Walworth, Powell,
K imer, or S

B, Vslves - Solar Heatlng System:

1) Gate Valves, 2 and Smaller ~- 125 Ib, steam, bronze body,
solder end, solid wedge, rising stem,

3) Check Valves, 2" and Smaller =- 125 1b, steam, bronze body,

solder end, bronze dise, swing check,

3

-

Ball Valves, 2" and Smaller -~ 150 Ib, steam, brass body,

15175 SOLAR STO
A, Procutement: :
The Solar Stors
B, Reguired

The Mechanlcal ¢
&8 shown on plany

SECTION 15. 180 INY
15,181 GEYERAL:

4. Swoper

‘This secticn pe‘
supplied by the

B. Materil:

Armstrong Arn
C. hawllation:
Per munufactu "
SECTION 15.400 PIf
15,424 DOMESTIC W
A. Procurement;

The Domestic
Honeywell ERC.

Required Work

The Solar CollecH
collector header
collector, and th

Progurement;

These componenty
loneywell ERCa
for a complete ind
Contractor,

Required Work:

The Mechanical G
shown on plans, :
tin-antimony aold
be provided betwe
tions, The pre=ir
tures grea'er thur

acrewed end or soider ond, glass reinforced Teflon seats and
stem eeals, balancing stop, brass ball, blow out proof brase

stem and vlnyl grip on handle.

4) Drain Valves, 2" and Sr.aller -- 125 1b, steam, bronze body,

globe valve, screwed end or solder end, composition disc,

C.

Valve Tags:

Each Bystem valve shali be (dentified with 4 stamped numbered
brass tag, A schedule of valves including valve size, service,

—t

manufaciure and location shall be submitted 1o architect,

NEXT ASSY
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within 5% of specificd flow

nch circult to within 5% of

a8 shown on plans,

compare with nameplate ratings.
1o architect,

A D METHODS

with wrought copper or cast
with 95<5 tin-antumony solder.

to allow for movement due
ion,

on plans and all high points In

a8 required, Install pipe

|s. or Autogrip, or equal,

= 125 b, steam, bronze body,
g stem,

= 125 1b, steam, bronze body,
check,

150 1b, steam, brasas body,

flow rate at Solar Space Heatlng

Pipe hangars
Provide
tion for pipz saddle within each

¢ ne, Jenkins, Walworth, Powell,

13,175 SOLAR STORAGE TANK:

A. Procusement:
The Solar Storage Tank will be supplied by lloneywell ERC,

B, Required Work:

The Mechanical Contractor shall Lnstall the Solar Storage Tank
as shown on plans.

SECTION 15,180 INSULATION

15.181 GENERAL:

A, Scope:

Thia scctica pertains to insulation of all solar heating aystem plping A

supplied by the mechanical contractor,
B Materisl

Armstrong Armaliex, 3/4 inch thickness,
C. tatallation:

ers I dations

Per o

SECTION 15.400 PLUMBING

15,424 DOMESTIC WATER HEATER:

A. Procurement:

The Domestic Water Heater and Mlxing Valve will be supplied by
Honeyvell ERC,

B. Required Works
The mechanical contractor shall inatall the Domestic Water Heater
and Mixing Valve as shown on plans,

SECTIOHN 15,600 POWER OR HEAT GENERATION

15,645 SOLAR COLLECTOR SUBSYSTEM;

A eno

The Solar Collector Subsystemsa conalnats of the solar collectors,
collector hesder piping, flexible hose connections 1o each aclar
eollector, and the purge coil.

B, Procurement;

These components of the collector subsystem to be supplied by
Hopeywell ERC are shown on plana, All other materials required
for a complete installation shall be supplied by the Mechanical
Contractor.

€. Requirsd Work:

REVISIONS

LT8R

DESCRIPTION DATE APPROVED

15,645 ENERGY TRANSPORT MODULE:

ORIGINAL PAGE IS
OF POOR QUALITY

J ,EOLDOUT FRAMR

A, Procurement:

The Energy Transport Module will be supplied by Honeywell ERC,

B. Required Work:

‘The Mechanical Contractor shall install the Energy Transport
Module sa shown on plans,

SECTION 15.700 LIQUID HEAT TRANSPER

15,763 SOLATL SPACE 1IEATING COIL:

ocurement:

‘The Solar Space leating Cofl will be supplied b, lioneywell ERC.

B, Regulred Works

The Mechanleal Contractor shall inatall the Solar Space Heating
Coll as shown on plans,

SECTION 15, 800 AIR DISTRIBUTION

15, 810 HDAT PUMP AND FILECTRIC HEATING COIL,

A, Procurementy

The hcat pump and elcetric heating coil will be supplied by
Honeywell ERC,

B, Required Work:

The mechanical contractor shall install the heat pump and
clectric heating coll as shown on plans,

NES
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reinforced Teflon seats and
s ball, blow out proof brass

~ 125 lb, steam, bronze body,
Wder end, composition disc,

“'- luding valve size, service,
fsubmitied 10 architect,

4
The Mechanical Contractor shall Install all above equipment as L ! e
shown on plans, Header assembly joints shull be made with 95-5 YEevsuno u-._.,..-:J.V
tin-antimony solder. During the jointng process s heat aink shall T ) f
be provided between *he coupling and the preinsulated header sen-
tlons, The pre-insulated header sections shall not be at tempera-~
tures grea'er than 220°F,
TSMAN | ) 1 -~
TOLERANCES UNLESS  [DHAFTS Skl (T3NS "
Norep otherwise. fergerer Tt~ HOMEYUJELL |ENERGY RESOURCES CENTER
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ISECTION 16900 CONT ROL, SUBSYSTEM

D

A.

B.

SECTION

Scope: The Control Subsystem will include all controls
,necessary for operation of the solar heating system,

Required Work: The Mechanieal Contractor will install
and wire all controls as shown on control subsystem wiring
schematic, This will include all line voltage wiring
requircd,

Procurement of Control Devices: Control devices listed in
Section (i.e., Solur Control Panel, Aquastats, Thermostat,
etc.) will be provided by Honeywell ERC, This will include
the control devices only, all other materials necessary fora
complete installation shall be provided by the Mechanical
Contractor.

Bagic Materials:

1.) Control sensor wiring ('I‘p and Tgg): Wiring from solar
control panel to control sensors Ty 2nd Tgg shall be run
in conduit in outdoor areas and shall be Belden #8762 or
equal.

Power and control wiring: All line and low voltage wirlng
shall be of =ize and type required by applicable vodes,
and supplied by Mechanical Contractor.

2.)

Other Materials: All other materials required for a
complete installation of the Control Subsystem shall
be supplied by the Mechanical Contractor,

3.)

Basic Methods:

1.) Control device installation methods: As per applicable
details and/or instructions included with equipment,

2,) Electrical wiring: As per all applicable codes.-

15990 SITE DATA ACCUISITION SUBSYSTEM

A.

Puarpose: A Site Data Acquisition Subsystem (SDAS) will be
installed to evaluate the performance of the solar heating

system as well as determine the contribution of collected

solar energy in recucing the consumption of conventional

energy. The Site Data Acquisition Subsystem components

will be furnished by NASA, consisting of instrumentation sensors,
junction box, Site Data Acquisition Subsystem Module and

a telephone interface.

c!

D.

Required Work

1.) Instrumentation Installation - The Methanical Contractor

will install 2il sensors listed in the instrumentation schedule,
The sensor locaticns are shown on the Site Data Acquisition
Subsystem Srhematic and the mechanical plans. The
Mechanical Contractor shall install the sensors in the
locations shown so as to provide for accessibility and

eage of servicing.

E'

Instrumentation Wiring -~ The Mechanical Contractor shall
perform all electricai wiring from each sensor back to the
Junction Box as shown on details and deszribed below.

2.}

Watt Transducer installation - Mechanical Contractor shall
install and wire watt transducers on or near equipment
served, and revise frctory wiring as required, Cee Watt
Transducer detail.

3.)

B. Required Work

Site Data Acquisition Subgystem Module - The Site Data
Acquisition Subsystem Module will be furnished by NASA,
and installed by the Mechanical Contractor. The installation
location will be as shown on mechanical plans,

4,)

SDAS Telephone Interface - NASA will provide the telephone
installation required for the SDAS.

8.)

SDAS Elecctrical Interface - The SDAS will interface witha
standard 110-125V, 60 liertz, 1 phase, 3 amp service. A
standard 3 wire interface (safety ground, power and return)
with a standard twist lock outlet, located within six fect of
the SDAS, shall be provided by the Mechanical Contractor,
NASA shall provide a three pin twlst lock connector and cable
to nterface the SDAS with the power outlet,

Junction Box - NASA shall provide a Junction Box to the
Mechanical Contractor for installation in a location as
chown on mechanical plans. The J[unction Box shall be
located so that it is accessible for wiring connections from
the sensors into the top and is within four feet of the SDAS
location, At the required mounting location, the Junction
Box shall be mounted using the four mounting feet located
at the top and bottom of the unit. Depending on the charac~
teristics of the mounting surface, molly bolts, wood screws
or bolt/nut combinations shall be used to mouut the unit,
The Junction Box shall be installed in a top-up orientation,

s.)

7.)

Junction Box/Sensor Interface - NASA will establish the wire
Tun st which identifies where each sensor wire attaches to
the Junction Box. The Junction Box will be prewired from the
term’nal strips to output connectors by NASA prior to delivery
to the site. Each applicable senscr detail illustrates the scpsor 3
to Junction Box wiring. The Mec*2nical Contracter shal
connect sensor wires to Junction Box terminals according to
a wiring diagram to be provided by NASA,

8.)

Junction Box/SDAS Module Interface Cables - NASA will
install the cables betwcen the Junction Box and the SDAS
Module,

9.)

Restrictizas on Use of Instrumentation

No monitoring, indicating or readout devices are to be connected
to the {nstrumentation sensors, i, e., paralleled with the Site Data
Acquisition Subsystem, without prior approval of NASA.

Failed Sensor Replacement 4
The improperly operating sensor will be {dentified to Honeywell ERC}
after examination of the sensor for signs of physical damage such as¥
broken wires, loose connectors, loose terminals, etc. If no physical
damage is apparent in the inspection, NASA shall be notified for
further instructions, If mechanical damage is appurent, the sensor 3
shall be replaced by the Mechanical Contractor with a sensor supplie
by NASA, The defective gensor shall thrn be returned to NASA for
fafiure analysis.

Installation Materials and Methods

1.) Wiring from the sensors to the Junction Box shall be perfarmed
by the Mechanical Contractor utilizirg wire supplied by the
Mechanical Contractor. The wire size and nuniber of conductors
required for each sensor ype is specifled in list below and cach!
sensor type is spezified in list below and each sensor detail,
The Senscr-to-Junction Box wire shall be UL approved, color= |
coded, audlo und instrumentation jirade cable of the following

manufacture or equaj: 151 ERAR
NOTED
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REVISIONS
LYA DESCRIPTION DATE APPAOVED
B uircd Work OT ()B'
Data Acquisition Subgystem Module - The Site Data Alpha P/N 2421-18 gauge, 2 conductor
e isition Subsystem Module will be furnished by NASA, Dearborn P/N 972202-18 gauge, 2 conductor
i installed by the Mechanical Contractor, The installation Alpha P/N 2424-18 pauge, 4 conductor
pation will be as shown on mechanical plans. Dearborn P/N 971804-18 gauge, 4 conductor
S Telephone Interface - NASA will provide the telephone All externally exposed wire in the outdoor environment or *
allation required for the SDAS, buried will be in conduit.
74 S Electrical Interface - The SDAS will interface with a Wire nuts will be utilized for terminations at the following
ndard 110-125V, 60 Hertz, 1 phase, 3 amp service, A L1V 7%
pridard 3 wire interface (safety ground, power and return) S
h o standard twist lock outlet, loeated within aix feet of Temperature Sensors 3 each (single element)
SDAS, shall be provided by the Mechanical Contractor, )
BSA shall provide a three pin twist lock connector and cable Temperature Sensors 8 each (dual clement)
terface the SDAS with the power outlet, . Wire nuta ghall be replaced with a butt splice in areas where
tion Box = NASA shall provide a Junction Box to the the connections are exposed to vibration,
hanical Contractor for installation in a location as
n on mechanical plans, The Junction Box shall be Ring terminals will be used to terminate the wires at the
ated so that it is accessible for wiring connections from following sensors;
ensors into the top and is within four feet of the SDAS
htion, At she required mounting location, the Junction C
k shall be mounted using the four mounting feet located
e top and bottom of the unit. Depending on the charac- Flow Meter $ each
Kstics of the mounting surface, molly bolts, wood screws Watt Transducer 2 each
bolt /nut combinations shall be used to mount the unit, ;
Junction Box shall be installed in a top-up orientation. If terminations conflict with local codes, local codes shall be
applicable.
ction Box/Sensor Interface - NASA will establish the wire
:1ist which iduntifies where each sensor wire attaches to 2,) Other Materials
Junction Box. ‘The Junction Box will be prewired from the All other materials necessary for installation of the sensors
nal strips to output connectors by NASA prior to delivery shall be provided by the Mechanical Contractor. This would
khe site, Each applicable senscr detail illustrates the serisor {nclude Lut not be limited to, plpe fittings, fasteners, electrical
function Box wiring, The Mec*=nical Contrartor shal enclosures, terminal hlocke, electrical wiring, electrical conduit, |~
ect sensor wires to Junction Box terminals according to and any other materials necessary for a complete installation of
piring diagram to be provided by NASA. all sensors,
tion Box/SDAS Module Interface Cables - NASA will gE
Rall the cables betwcen the Junction Box and the SDAS -
ule,
gtons on lise of Instrumentation
Mtoring, fnuicating or readout devices are to be connected
pstrumentation sensors, i,e., paralleled with the Site Data
Lion Subsyatem, without prior approval of NASA.
Kcnsor Replacement ]
properly operating sensor will be identlfied to Honeywell ERC, LE
ramination of the sensor for signs of phyaical damage such as L—
ires, loose connectors, loose terminaleg, ete. If no physical
8 apparent in the inspection, NASA shall be notified for
iinstructions, If mechanical damage {8 apparent, the sensor
i replaced by the Mechanical Contractor with a sensor supplied t:' . e . B
A, The defective sensor shall then be returned to NASA for i s -
gnalysis, U : !
. ‘-EO—‘. s JL"" T,
gltion Materials and Methods N MRS
ing from the sensora to the Junction Box shall be perfarmed
Phe Mechanical Contractor utilizing wire supplied by the
hanical Contractor, The wire size and number of conductors
guired for each sensor type is spccified in 1ist below and each
psor type 1s spezified in list below and cach sensor detall,
¢ Senscr-to-Junction Box wire shall be UL approved, color- 3
d, audio und instrumentation prade cable of the following . ] i
ufacture or equal: ToLEnaCE ness  [ouatmmant e a2 | WOTIEYLJELL | ENERGY RESOURCES CENTER
X | Tmegne Juvese [0 , !.:C. MINNEAPOLIS, MINN. 55413 A
XXX ¢ R TNBAGMGY | - * uisfer) Wy =4
MATERIAL B I PR \ v X k\ L\{ }:~ . ./ MCXL
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ST A INTLGSHD
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PART NO.

IPC SYSTEM INTEGRATION CRITFERIA

and combined heating and cooling (HC') and the domestic
hot water (DIIW) system/subsystem ghall be capable of
functioning nt their designed flow rates, pressures and
temperatures,

[ wwo\y)‘, 2,1 Requirement System Deslgn Conditions, 'The systems for heating (I

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

2.2 Requirement Mechanical Stresses, Mechanical stresses that arise
within the system ahall not cause damage or mallunction
of the system or its components,

2.2.1 Criterlon Vibration Stress Levels. Vibrations in piping, ducts,
fnstrumentation lines, and control devices rhall be con-
trolled to reduce stress levels below thoge that cotld
cause fatigue and subsequent component damage.

B
O

2.2,5 Criterlon  Thermal Changes. The system components and assemblies
ghall be designed to allow for the thermal contraction and
expansion that would occur over the service temperature
range,

2.2,6 Criterion Flexible Jointg, All systems employing hzat transfer fluids
shall be designed to be capahle of accommodating flexing of
plumbing and fittings,

—-D 2.3 Requirement Leakage Prevention, System aseemblles containing heat
transfer fluids shall not leak to an extent greater than that
specified in the design when operated at the design conditions,

2,3,1 Criterion Pressure Test: Nonpotable Fluids, Those portions of the
H, HC and DUW systems which contain heat transfer fluids
(other than air) and ere not directly connected to the potable
water supply shall not leak when pressures of not less than
1-1/2 times their working pressure are imposed for a mini-
mum of 15 minutes,

B 2.3.2 Criterion Pressure Test: Potable Water, Those portions of the H,

HC and DHW systems that are directly connected to the pot-
able water supply system shall not leak when tested in accord-
ance with the code having jurigdiction in the area where the
system {8 used, In areas having no bullding code, a nationally
recognized model code shall be used,

2.7 Requirement Piping Supports. Pipe hangars, pipe trenches, and other
supports shall carry the static and operational loada norm-
ally imposed without impairing system function.

2.7.1 Criterion Applicable Plumbing Standards, Piping shall be installed
in accordance with Section 615 of the MPS (4900, 1 and 4910. 1),

3.2 Requirement Fallure l.oads and Load Capacity, The structural elements
and connections of the H, HC and DIIW systems shall not fail
under ultimate loads expected during the service life of the
system,

3.2,1 Criterion Ultimate Load Combinations, Non-conventional elements and
connections shall comply with this criterion. (Conventional
elements and connections are deemed to 3atisfy this criterion),

A Structural compenents, connpections and supporting elements
shail be desigoed to withstand a uniform load of 50 psf.

3.5 Hequirement Cutting of Structural Elements. Cutting of structural elements
for the installetion of 1, HC and DHW system components shall
not reduce the required load capacity of structural elements.

|
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3,%,3 Criterion Désign Provisions, The effect on the slze, shape or engineers

ing properties of 3 load-bearing element resultang from holes,

copes, notches, etc,, shall be determined to inaure thot re~

LDOUL ERAME D

quired safety margins sgainat failure have been maintained,

)
Constraint L.oads, The structural elements and connccuomw
0, 1 and DU\ 8% stems shall comply with Criterion 3,24
while simultaneously aubjected to constraint loads expected
during the s*rvice life,

3,8 Requirement

F:auvd:.tlon Stttlement. Contraction and Expansion. Non-cone
ventional elements and connections shall comply with this
eriterion, (Conventional elements and connections are deemed
to satisfy this criterion),

3.8.1 Criterlon

4,1 Requirement Plumbing and Flectrica! Installation. The design and installa~
tion of the systems for heating {H), combined heating and cool~
Ing (HC) and the domastic hot water (DHW) system/subsvatem
and their components shall be in accordance with nationally
recognized plumbing and electrical codes and atandards for

health and safety, where cpplicable,

Plumblng Codes and Standards, Plumbing materisls and
equipment and their instaiiation shall be in accordance
with Sections 515 and 615 of the MPS (4900, § and 4910,1),

4.1.1 Criterion

4.1,2 Criterlon  Electrical Codes and Standards, FElectrical materials and
equipment and their installation shall be in accordance with

Sections 516 and 616 of the MPS (4900, 1 and 4910, 1),

’
4,3 Requirement Fire Safety, The design and Installation of the H, HC and
DHW syastems and their components shall provide a minimum
level of fire salely consistant with applicable codes and

stanoards,

Penctrations through Fire-Rated Assemblies, Penetrations
through Tire rated walls, paritions, flooras, roofs, etc.
shall not reduce the fire resistance below the levels specified
In Section 405 of the MP'S {4900, 1 and 4810,1) (1), where
applicable,

4,3.2 Crlterlon

4,% Requlrement Safety Under Emergency Conditions, In the event of emer~
gencies, the H, HC and Diiw systems ahall not unduly hinder
the movement of occupants of the building or emergency per~
sonnel, Life safety hazards which could occur as a result

of fallures of the above systems shall not be greater than

those imposed by conventional aystems.

4.5%,1 Criterlon Emergency Epress and Access, The design and Installation

of the , HC and DHW aystems shall not impair the emergency
movement of occupants of the building or emergency personnel
to an exient greater than that allowed by Sections 402 and 405 of
the MPS (4900, 1 and 4910.1) (1) and NFPA 101 (3), where appli~

cable,

Accessibility for Malntenaice and Servicing. The aystems

for heating (i), combined heating and cooling (HC) and the)
domestic hot water (D1IV) system/subsystem shall be deaigned,
constructed, and installed to provide sufficient access for gen-
eral maintenante, convenient servicing and monitoring of sys-
tem performance,

6.1 Requirement

Access for System Maintenance. All indlvidual items of equip-
ment and components of the H, HC and DHW systema which

may require periodic examination, adjusting, servicing and/or
malntenance shall be accessible for inspection, service, cepair,
removal or replacement without dismantling of any adjoining ’
major plece of equipment or subsystem,

6. 1.1 Criterlon

4]

HES

lm nO,

N

8,1,8 Criterion Fllters, Fllters shall be deslgned and located 80 that they 'U.NR
Can be cleaned or replaced with minimum disruption to the ELEA SED CRAWWG.
system and adjacent equipment, Cleaning (requencies shall or C;‘g,]gc-r T
be specified by the system manufacturer in the maintenance A E.Co 0
manual, T C“!JROL .
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The Lennox LEC18 solar cotiector is a development of the
Lennox Rescarch Laborgtory Sotar Design depatiment, Lens
nox Manufactuting group and the Solar Research group of
Honeywell Inc The L5C18 13 a glass cover, selective sb-
sorbet, modular colleclor adaptable 1o any type and size
solar system. Lennox collcciors sre avarlabie with single
{LSC18 15) of two-glass (LSC18-1) covers and Llihzed 10 aer
wmuhlu m!u energy which may be uucd in systems for
g Iec cial arcas, d hot watce,
swimming pool watcr. cte. The LSC18 colloctor is & high
therma! etliciency, flat plate collector applicable to ne'w of
retrofit Instaltabions. Cotlectors are dosigned for easy instals
lation In scparnte supports ot frames constructed of wood or
metsl, The solar colles tor structural featming system may be
Instatied on & roof or ot ground level. Collectors ¢an be
Instalted individually o1 in multiple banks end to end snd.or
side by side and agsembled in patallel, seni 3 of series patals
be} combination. When colleciors ate installed the thwrmal
expansion of cach absurber plateisapproximately 0.126inch
for 8 1emperature dilference of 200 F. Since the intet bnd
outtet from cach collector are on opposiu sidns of the mod.
ules, the inter connechion lutms an expansion loop fulieving
sherr ¢ expanzion totees Servico acurss to cach collecdlor
may bo a¢ hished without removing the entire mosule
or disturhing um mljacent mothdes Al (hping conpechons
sre focated externat 1o the colivdlor enclusire. Tho igh
WOTE - Spweabn staons, Tatings il DSwnsnng 21lgies 1o Lhangn witling abirg

FEATURES

Tramparent Cover — Composril of pnn pr two shects of 18 inch
thiek tempated Juw aren glass Both suthe es of the gtess sheet ara
st prliction surlae cloied o s Zansiusaion The glass
sheet has a PYC tPaly Vinyl Chinctde) weatherstinn sesl 2ronnd the
edyrs und)s endloscdinan extry Jestalumnum framao whe hinay ho
dhsassembled for reptacement of the egfass Vent holes are provided
nthet aminum line Thorugaidglass coveris struchinatly sirong
enouph 1n withstaad heavy wind, st and snow luards The glass
cover systom provides transrussion of the Maxsmum smount of
ncidont solar energy.

Atrsorber Plate ~ The solar ohsorber 1s an assembly of paraticl cop-
per flow tubes handed 1o a formaod sicel plate and electogiacd with
as0l3t selgchive coating Tha specdlenat.ngiblack chruma eahught
rcked) ppplied 1o the obscrbur plate pros s gl sular sbsutphivity
and pummum e fadiabion loss In addihon, the coating s xtremely
durpble when rxposed 10 sovera gml ! patticularly
humidity The stegiplate s : fatmed around the copprr luw tubes and
a high tempetatinio solder bead 18 adided 10 cach ube. Thas design
resuits in biyh thermal heat wranster, peemanenily orals the tubing
from oxida corresian ar d sllows hegin working pressures. The cops
pet flow tuhes are brazed to copper mamicid pipes, ane dteach end
The mamlold pipes ate capped and bave 3818 ipt ppo Litlings
axiernal to the enclosure, for conacction Lo e supply and toturn
finos ¢f thp system pf ad;acent callegtors tnlet and oullet connec:
tions are focatettin a 2 flow pattern o wmprove tha figw characieris-
ucs and fachitate instailation.

Insulation =~ The salar coll has 3 1:2 inch thick insulation bo:
neath the sbscrer plato and 1 inch around thy sides of 1he collector
enclosure The ‘nsulalion s 8 semi-nged fiborglass board without
{2ung and s cupable uf ding unhkely P up o
550 F without vuigassing.

Collsctor Enclasure — Tho weather-tigtt enclosureis consteucted of
cotrosion resistant heavy gauge gotvaluime steol with 3 speciat Len-
nox “Elcctro Deposition™ process part hnsh. Extgded aluminum
cover frame s anodized for maximum protection against cofrosion
Cove: lramais ensily removed for compicte servico pucesslotenior
of enclosure Weep hotos are furuished in ihe enclnsues for ventila,
tion and maoisture removal 1n cose of gny condensaton. The ab.
sotber plato 1s mounted on shicord rubber pads isglatey tha plate
from metal 1o metat contact with the enclosure that wentd fasult e
sny conduchivity loss. Two position mounting bricknts on each
cofner ol tha enclosute provida Hlexiildy ol installahan Piping cons
nections arelocated extetnal 1o the enclusure and dre edsr ppad vath
piping coltars which reinforea the pipe filings and atluwq force lo be
applied 1o tha sonnection without stressing the manidolds

Collector [Transport or Cooting) Fluld «= The heattransfar lurdused
inthe solar collagior can range Hum ysater to vanous oty Howaver,
the fluid shoutd rx it the follawsang properiieg: low viicasity over
the range of amuent temgperatures encquniared, nonearrosivaiwith
inhibitors if necessary), chenncaity stable over 15 20 year lifo. good
heat ttansfer proparting, high heat cagaeity and fow feeesing point !
Jow smbiont tempesatures are anticipaied Lennox recummends the

SOLAR COLLECTORS
LSC18-1S AND LSC13+1

oulput 10 insolstion 1o of the callcetor s accomphished
primanly in the dasign of the steel absciber plate which
coptutes solar energy and Uansicis i 1o wsatlo hoat The
pisters formed aroundshe coppet How bubics and sgalydwith
a solder filler. The wiop sround sontact of plate tg tubes
provides maximum heatiransfor andiholubes, permanetily
sealgd against oxide conomen, hava continuing igh cth
ciency. In addition, the entie plate s given » specral Litack
chrome cosing 10 high absorptiasy end tow re 1a Jation
loss. The absorber piate 15 completely «oldled on rubbicr
pads within the enclosure, chimirating mels) to metd! ¢on
tact that would result iy ecnductivity loss Sustacrs of the
glass covorls) have atid cted ed surlace Lnes that ingrcase
light wansmission by reducing retlecion Tempered. low
fron glats is sbrasien tesistant and structurally strony in
case of breakayo, the weother Bght alutminum gover lamo
¢canbe easnly dismanticd foe glass teplatement Thecot” clot
enclosure 1s construcicd of galvatlumo stcel with 8 ¢iccteo
stotically dip painted binish Enclosure is compicicly bned
with high temperature hbeiglass insulation Lolb Leneotlh
and around the absotber plate Two postion maunting
brackels or cach cotner o the corlosure poimts in- Gattion
cithor vertieolly of on lat sutlaces Collectors ste shippnthin
divdudlly and fattory ossembled Themstalicr b ity 10
mount collector I type of franing thciure desuett and
makae conntchiohs to systom supply ond seturn hiwp

w0 of ethylene ylytol hased antfivare Dowihesm €1 3, produgod
by the Duw Chunue dCompanyt Mistfwithwaterina 50 L0 pas by
valme, SN 1 ya Bl fiwd e b b Dpre skinga Man nChe 3irany,
ferover atemporutoie g el 40 FiodWE Dowifaras shouid be
analyzed once pot yoar and inhliots ddded il needed

Spsrafxations o=

® Collngip Mudit Rumbes
« Sinn'e Gazs Cover (€015
ws Double Glaus Cover 15C18 Y

® Nomunal Cotlector Ares ~- 10 39,

® Ellechve Abuotber Arca = 154 5q. I

® Rakio OF U:ollo Abssrier Aea

To Yol Lurlace Covcred - REY%

& Glass Coveris):
sm A Thick
c= Tonpofed Low lron Clear
« Teansonitancs = 00

® Absotlier Cuating Blask Chteme On Bright Nickel:
= ASCIptivity — 34
= Erisavity == 10
-~ Stable Yo uS0F

Ahsorber Curstruction,
=»Siecd Plale
v Copree Flow Tubes « (10} W ino d. {194 in. v d)
« Tube Spating == 3 in OaCenter
o= Tubo Paltern = 2" Fiow
= Manfold =» 14840 0d {1079in.16)
«= Tuba Connoctions To Manifold:
ASTM BGuP-3 Branirg Matetrel
= Bttt Betweon Tubes & Stee! Plate — 95 5 e det
= Piping Connectinng (nlct outic) = 38:10 fot
«~ Manifolds & Tubes Pressure Testad:
Yo 150 psiy Working Pressure

© Recommended Flow frate Thiu Collector = 310 .7 gpm

® Coliecior Fluid Copacity ~ 3930

® Coltector Fluid 50 60 Dowthiern 5R-1 or Equivalant].

SR Data:

—— Dentity = 1 045 g'mi (1 160°F)
= Viss0nty ~ 1 4 contipoise (at $60°F}
= Thermal Condustivily = 0 23 Btulb'F (st 160°F)
o Eprcilic Heat—= 0 G Bttt 'F (a1 160°F)
iy Teint— 232F
~ Freening Point = J4°F

® Insul -8 gd Fiberglase Board.
— Degity =30 1t:h?
— Thetmal Condughvity =0 28 Bu in e 17 (a1 200°F)
A=525

« Specific Heat — 16 Otu b °F
= Maximum Tempeature = S50°F [without outgasying)
@ Collector Shipping Yigyht (the }—{1 - Package)
15C1815~ 143
LSC18.1 =170
® Collectot Het Weight (ibs )
15C18 18 = 123
L5C10-1 150

TYPICAL APPLICATIONS
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REVISIONS

LTR DESCRIPTION DATE APPROVED

GENERM, INSTALLATION AOTIS

Bingle=Stack Collector Array

1,

2'

3#

Screw headeretoscollector coupling into both collector
ends, place collector on suppurt steucture, and fasten
{bolta, cte,) collector to structure, Repeat for all
collector modules,

Connect pre~assembled return header sections to top of
collector asrav with section-to~oection couplingn placed
at all joints, Lubricate bead at end of coupling with liquid
detergent soap (or cquivalent) prior to slipping Loge over
coupling, Mter proper alignment solder header sections
together, Insulate and weatherproof umnsulated sections
of header, Strap header to support structure,

Repeat #2 for pre-aasembled supply header sections nt
bottom of collector array,

DoublesStack Collector Arrav

1.

2.

4,

6.

7'

8.

For bottom row collector aerew hesder-to~collector
coupling into bottom vnd of collector and collector-to-
collector coupling into top end of collector, Place
collector on support structure and fasten to structure
{bolts ut boltom end and insert clips at top end),

Place 2 x 4 wood stud at top end of collector with wide
face flat against support structure,

For gecond stack rollector screw collector=to=collector
coupling into hottom end of collector and header=to~
collector coupling into top end of collector,

Lower collector down structure until it rests against wood
stud, and connect fluid Mines with 24 in, silicone hose
clamping eich end to coupling, l.ubricate bead at end of
couplirg with liguid detergent goap (ur equivalent) prior

to slipplng hose over coupling,

Remove 2 x 4 wood stud and lower collector such that
mounting brackets slide into clips, Fasten op mounting
brackets (bolts) to structure,

Repeat #1 - #5 for entire collector array,

Connect pre-asgembled return header gections same as
12 for single-stack arvay,

Connect pre=asgembled supply header scctions same as
#2 for single-stack array,

Triple~Stack Collector Array

The procedure {3 an extension of the double stack collector array
installation notes.

Insulation Notes

Put insulation tube around header, Apply insulation adhesive in longi-

tudinal slit of insulation tuke and between seams at ends of tubes,

NES
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PART NO, 3

™ 1.6C18.1 AND LSC18.15 FLOW RATE vs. PRESSURE DROP
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COLLECTOR PERFNRMANCE
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CO!LECTOR EFFICIENCY {PERCENT}

1

.. vem
Cawe

e

e [
P R

5 0
TinTamb g he e B
Qinc

ture ditference {100°F) by the intident solar radiation 260Btum.
17 equad's .40 {see sample calculction). Refer 10 the conlector

ped chart and folt q the exampte line shown from
AO {bottom scalel to the mmuclm; poIn) with the ¢oltector

B Tin = Fluld tomperatury 52
collector intet {F).

Tamb = Ambient tempersture

RN

Y

surrounding the collecie [

Qinc = Incident solar radiation (Btutwf14.

Amblewni
Tempersture

Fluld tnlet
'l'ompcm\m
“hcident Solar Radiation

EXAMMLE:

Yo determine the Bty capacity of the coltector the fiuid inlet
temporature, ambeent temperature and incident solsr radistion
{insotstion} of the collector must be deermingd. Assuming sh
inlet temperature of $10°F and an ambrert temperatute of 16°F
results in 100°F temperature ditference Dwiding the tampers-

cuive ard resding across to the collector efficrency scale reud
54% efficiency. Thus 4% of tha incident solar valus of 250
Btuhe 2 results in 135 Btu hr-ht? output upw'yod the collector
undet the used in this 3
For representstive values of Incident Solar Radiation {Q Jixc) see
uble befow or the 1972 ASHPAE Handbook vf Fundamentats,
chepler 22, pagns 388 1hu 392,
SAMPLE CALCI'LATION:
Tin—Temb 110,10
Tt 2500

Qine x 0.54 = 135 Btuhw-t? Output

ANNUAL MINIMUM AND MAXIMUM DAYS OF SOLAR INCIDENCE (Clear Sky) 3
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PART NO,
PURGE COIL DESCRIPTION FROM !
COLLLCTORS C> 7

Heat Capacity and Pressure Drop
Helght of the coil z 25"
Length of the coll = 20"
No. of rows = 2

‘ No. of fins/inch s 15 HC' AATIC - PURLL
Outer dia, of tubes - = 1/2" HO %A

: No. of circuits = 10

3 Alr flow rate = 2000 CFM
HF of fan motor = 1/5
Assumed air temp, at the suction side

, of the fan = §0-120°F

: C Calculated heat dissipated/hr

é\ = 101,000-156,000

g Btu/hr. (Inlet

Fluld Temp. =
M 2300F 50% gly-
i eol golution)

Fressure drop (calculated) in the Furge
coil

9,0 ft.
3,9 Psy

A4

INSTALLATION NOTES i

FLUMBING: Connect the inlet and outlet
manifolds (1 5/8", O.C., copper tube) of
B the purge coil to the desired pipes in the
collector loop,

ELECTRICAL: Connect the motor of the
purge coil fan to the control panel,

|

PURGL COIL UNIT  (MEAT RLJLCTY
qu : \-0" X
TOLER|
NO7€!
MATERIA

NEXT ASSY USED ON
APPLICATION FINTSH=E

T ’ 2 |
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APPENDIX C

STORAGE SUBSYSTEM
DRAWING NO, SKi42050
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PART NO,

STORAGE SUBSYSTEM

The solar energy which canrot be used for space heating/cooling
stored for future use, This stored energy will be avaflable for

domestic hot water heating and space heating at nite or on cloudy
This encrgy i8 stored in water,contained in 2 Wned and {nsulated stf
tank. The capacity of the tank {s 1600 gallons, It should be insta)
at the residence above ground., Valves activated by the control sys
permit charglng or discharging,

Neminal capacity - 1000 gallons

Matertal #10 gauge cold rolled stecl

Size, 64" dlameter x 72" long

Domestic hot water cofl ir3luded in tank
Lining, coal tar epoxy
Exterior painted with primer and shop coat of enamel

C Tank empty welghts approx. 860 lbs,.

A Filled tank weights approx. 9,205 lbs,

18" manhole provided for futernal access

11 penctrations are provided for inlets/outlets

and temperature sensor {nstallationa,

- Installation Notes
Above grade i{nstallation should be enclosed with partition and tank
; engulfed in blown fiberglass lisulation, ;
Tank should be filled with 1500 mg/1 sodium nitrite corrosion inhibl

Norman Chemical, Product No, 284 or ecquivalent, (QGRAN‘;/GAV
All sweat connections shall use only 95-5 solder,

LI
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L. CONDITIONS
e: The Electrical Subsystem will tnvolve all field
irical wiring necessary to complete the solar heating
em and make it ready for operation.
iired Work: The Electrical Contractor shall provide a
rate branch circuit to each of the following. Values
n are minimum circuit ampacity.
230 V single phase
1.) Heat Pump Outdoor Unit: 24.3 amps
2.) Electric Heating Coll and tieat Pump Indoor Unit:
79.2 ampe
3.) Domestic HW Heater: 39,1 amps
120V single phase
1.) Energy Transport Moduls: 12,9 amps
h branch circuit shall have a circuit breaker or fuse at
1 electrical panel, sized per all applicable codes., A
onnect switch shall be provided {f required by code,
[ATERIALS AND METHODS
ic Materfals: All materials shall be supplied by the
trical Contractor. All materials shall be as specified
he Architect and required by all applicable codes,
c Methods: All work shall conform with all applicable
s.
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HONEYWELL REQUIREMENTS SPECIFICATION NO. |HRS SK 142008

2.5 Appurtances

Four tie down lugs 2lso used as lift hooks shall be provided.
They shall be made of the same material as the tank shell and
sized and located approximately as shown on Figure 2. They
shall be attached with continuous double welded jcints full length
of the lug, Four support saddles shall be fabricated and welded
at the tank 1/4 points. The saddles shall be capable of supporting
the tanks when filled to capacity with water at 8.3 1bs/gallon.

2.8 Internalg

A rod of 1/8" min diameter shall be formed as shown in Figure 2

and welded to the top of the tank to support the heat coil, It should

be installed prior to applying the interior lining. The heat coil,

Honeywell SK 142047, shall be furnished by buyer and installed by

the tank manufacturer. It should be installed after the interior

lining is applied. : N

2.7 VFinishes

After final testing the tank shall be dried and cleaned thoroughily
inside and outside to remove grease, loose scale, rust, ang
foreign material,

B S R At

AT TR TR Y

The interior shall be sandblasted and then a coal tar epoxy
(Chem~-mastic 2203 or equivalent) shall be applied for a minimum
thickness of 0. 912",

The exterior shall be primed and painted with a coat of enamel for
rust protectiou.

. f'.‘,’
All welds shall be cleaned of welding slag prior to priming and f
painting. v . .
R
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-

3.0 INSPECTION & TESTING

i 3.1 Drawings

: The tank manufacturer, after receipt of purchase order, shull
furnish shop drawings to the buyer for approval. These drawings,
as well as the Purchase Order and specification, may be used by

? ) the buyer to inspect the tank during or after fabrication. An

"as built" drawing will be required if changes are authorized
during tank fabrication,

TR T R T

3.2 Workmanship

The tank manufacturer shall assure that a) all welds show no
evidence of poor workmanship such as porosity, inclusions, cracks,
lack of fill, blow holes, incompleteness, etc. b) the location and
size of all appurtances,openings, ihreads and internals meet the
print requirements, c) the diameter, length and wall thickness meet
the print requirements.

IR A b £ St g

P RETI

3.3 Inspections

The tank manufacturer shall visually inspect each tank 100% both
inside and outside after cleaning and before applying the finishes.

a. After finishing and installation of the heat coil the tank shall be
reinspected visually for lack of evidence of use of incorrect
materials or poor workmanship such as incomplete coverage,
cracks, thin spots, lack of adhesion,ruis, etc,

S

b. Verify that the minimum thickness of the coal tar epoxy is 0.012

gt WMWF TSR AT TR R e

.,«“” inches at random points inside the tank and on the hook cr measure
p the build-up on witness plugs used in the threaded opcning:and the
change in diameter of the hook.
Vi
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3.4 Testing

The tank shall be pressure tested for leaks using air pressure

or vacuum and a suitable material such as soap suds or linseed ofl
for the detection of lecaks. All leaks shall be corrected and retested
for not less than 15 minutes. The test pressure shall be 3 psi (min)
and shall be held for an adequate time to permit thorough inspection
in any case not less than 30 minutes.

3.5 Records

The tank manufacturer shall record the results of the inspections

and tests of paragraphs 3.3, 3.4. These records shall be mailed

to the Buyer at the time of shipment. Each tank shall be identified

for record purposes including Purchase Order number and item number,

4.0 PREPARATION FFOR SIHIPMENT

All finished surfaces not otherwise protected shall be coated with
rust preventive. Threaded opening shall be plugged and pipes
extending beyond tank shall be capped and suitably supported to
avold damages during shipment., Tank shall be ciearly identified
with purchase order number and item number,

5.0 GUARANTEE

Manufacturer guarantees that the vessel fulfills all conditions as stated
in this Specification and that it is free from fault in design, construction,
workmanship and material. Should any defect develop during the first
year of operation, the manufacturer agrees to make all necessary
alterations, repairs and replacements free of charge. .
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APPENDIX D

AUXILIARY ENERGY AND SPACE HEATING SUBSYSTEM
DRAWING NO. SK 142102
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DESCRIPTION
The Auxiliary Energy and Space Heating Subsystem consists of the Solar
Heating System Space Heating Coil integrated with a conventional (non-
solar aggisted) electric-heat pump, and auxiliary electric heating coil,
The heat pump is a matched remote system consisting of an outdoor
unit and an indoor unit. The Space Heating Coil will be field installed
between the separable halves of the heat pump indoor unit. The aux-
fliary electric heating coil will be field installed in the heat pump indoor
unit. The Indoor portion of this subsystem may be installed in a horizon-
tal or vertical position, !
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E CBP10 INDOOR UNITS

1 .

: C Durable Cabinsts — The biowver enid coil filter cabinets are in sepa- Cluanable Ak Filter — Washabie sluminum frame filter with
:

e sactions and ¢onstructed of heavy gauge galvanized stev), The
cabinets are subject (o a hve station zinc phosphate mets! wash
pr:cessbelore painting, This preparation process resultsin a perfect
ba.xling surface for the att:zctiva finish coat of baked.on enamel,
Cavinatn are completely hinud withi thick fibergays insuiation, Res
n Iy panels provide complete service access, Fositive and guick
sucurisg f cabinets logether )s nccomg lished with drive cleats, For
dow:rfio applications field mogification of the coil Liter cabinet is
roquired. The coildrain pan assembly and front panels must be
removad from the cabinet, rotated 180 andreplased by ihainstalier,
Blowercebinet supply air npening hisflanges for ease of conpecting
duct. Clectrical in‘els are located in the blower section, see dimen-
slon drawing.

Lunnox Indoor Coif = Lennox designed and fabricated corls are cons
stricted of precisely spaced (,pple-adged aluminum fins machine
Bited to copper tubes, Twin cails dinan A" iguration

layared expanded alumirum mesh media conted with a water
dhasive with 8 high dust holding capacity 1s furnishad as st
ard, Uze RP preducts coating number 418 {P-8:5069) for reods
maedia after cieaning. 1 inchthick filter i3 furnished as stancard. Fid
is ensily d and replaced whan cl 13 required.

Powerful Blower — Equipped with a Lennox designed snd built «
rect driva blower. Each biower s statically and dynamicaity bala

83 an assambly before i3 instaliedin the uni, This speciai attent
todesigndetads and assemply balancing adds up ta the quietest
most efficient direct drive blower in the industry. Multispeed m:
ie rasiliently mountc 1. A choxe of birwer speeds 1s avaiatle,
blower performance charts. Change of blowsr speeds is Janly
complishad by 8 simple change in witing.

Rlowss Cooling Relsy {Fumished) -~ A blower cooling refay is A8
nished 13 stancard equipment and is factory installed in the bl

cabinst section,

provides exira large su face and contact area for maximum effic
clency, Coils are cucuitsd 1o maximize the flow rate when defrost Refrk Line C: i
cyule ks required. Fins sr; torasist ; g. which can
, re<trict 8ir flow and raduce effictency, Fins have rollars that grip
! wsbing for comact arearcsulting in excellent heat

flored shoulder tubing joints and silver saidering provide tight leak
peoof joints. Coils are thoroughly tested under pressure to insure
feak pro0f construction,

Drain Pan — Creep pan is constructed of corrosion resistant heavy
peuge gatvanired steel Equipped with dus) {primary and secondary)
gehvanired pipe {34 mpt) drain outlsts extended outsroe of cabinet
for case of ion, Down-fi require field reposi-

tioning of the drain pan by removing and rotating the coil drain pan
B ssmbly 180° and replacing in the cabinet, Fisld modifications sre
wot required for up-fio or hori i i

.

Vapor and liquid lines are equippg
with flare fittings on CEP10-43 madal, Liquid line has Hare hrtim
and vapor kne requires tweat connection on the C3P19:5) moddl
Lines are extended outsiow of 1he cabinet for ease of connection, Sl
dimension drowing for locstion. :

Expension Valve and Chech Valve — Factory install &

valve is designed and sued for use in heat pump system Valvel
aquipped with bieed port which permits pressure to equaliza alg
compressor stops, allowing i 10 start in an unloaded canditiol
Chack valve is furnishec and tactory installed in the hiquid hine,

LRSS G i i < A S R e

’ CBP1041  SPECIFICATIONS §
. Modd No. capiiLAY b\.{)\dmli
——— Biower section 81041 e tnre
Indoor coit section f CP10.41 CRPID -4l WiTw LW
Nominal c20tng capacity itons) i El COIL AUD CLBID - 41=¢
Net tace area isq £ A 447 HEATING COIL, ‘

Tube drsm. {in ) &4 nO_of rows I 12 —3
hg::' Fins u".'.TE}C | 13 ‘
' ring corn_hin} N 34 (tore) i
Linuid Itne conn_iin ) A8 ihre) b
. Refrigerant | 122 T
' Condensate drain Imptl 1n i 34 1
Blower wheel nom dram _x width {in) I 10x8 '

Slower motar hp i 1:3

' No. & Site of litters (in}

Electrical Charactenstics

f Number of pacr 19es in shioment

A Net 1B.0wer secton 92
Weight (Ibs ) {Indoor coll section 94

(1016 x 25 x 1 f
208230v — 69 hz = 1ph
2

e 9 e
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B10 SERIES BLOWER SECTION
b4 A "“n——ﬂ————"“n
; 194 ¢ ) I?M 1-.‘ D
: PET 3
”’ ~
14 114 ," ,"\‘\ SUPPLY AR OPENING
] |- L8] » ;! [R5 [—— 9| an
) RETUAN . \JLOWER ) w) <
an LR neernicat |l pow
OPENING \~ o/mun
SO Jj
14 1)
WNTAKE END FRONT VIEW DISCHARGE END
Model No. A [ c n
B10-41 32.1.2 21 17 1812
w0 OF POOR QUALITY CF10 SERIES COIL-FILTER SECTION
: A —
? . CONDENSATE .wl4.tapess j-— B
: I} N;;M T yrss U
3 it et O oa (=
: R BfER o S
: ; L o sliErer
; =] 11 priietre0——o0 O
% LEY Hhe s vaPOR OUTUET
OPEMANG FLow {1 L
ummrnuvdmmum- ﬁ E": \ T C
ted with [ xS
::; ;: l:rlvlm;!'::‘:' n.:n: myeRt_to T
@ {P-8.5069) for reois 158
Nshu:s mna’n:o!;ﬂ:: " m‘,::,"::" o ""l'. "'l n:: "
Nng is required. WNLET £ENO
n designed and built di-
M dynamically balanced Mode! No, A ] c /] E
t, Thi 1al
:wp':a‘z?qt.::‘e:?::g CPI0.41 2 19 [ 1012 | 1.34 7
stry, Multispeed motor
speads is avalable, See
mr speeds is sanily BC-
mv coalinn relay is furs b T . , q__
wmmuadmmum i
9‘; —_ - T JP
5]!quidlmulvtequ-opod [« »
lina has flare bt >
the CIP10.81 model £ O - e H
Kuuolconmm See 2 t
v‘f ~- [ e e o e
i&w installed expansion (W] '
P pump system. Valve 1s oL 4
r@ssuse to equalize afte’ 0V fr— . - e e ————
Sm unloaded candition, § .
in the hquid lina, '
2 ! —
1 & {
] gy 3 : <€D DRA“G- g
3? & ! UNRELEASES 2gg
: B\ ; — nm e d amo
35 2 :
E_é WoTEL: B
Lo ——- ) pt DA 2 FOR UNIT wm-\ CLGAN-
o AR FILTER IN PLAC
BLOWER BRTA Q A L_ Z)DATA W FOR 220 v. ..
O -41 Wity L3 - 45 SACL LEATING ' . ! |
s AUD CLRIO-41-4T1 ELCCTRIC .
TG COIL L — ,...‘..-... l - e fereem 4.-_.l.._, 4 -
: 0 ; i
; ©00 700 &0 900 1500
f AR FLOW (CFM)
o e [ooArTA a1 HONEYWELL | ENERGY RESOURCES CENTER
x Ao L rrer e AR TE T iNC. MINNEAPOLIS, MINN. 55413 A
q XXX+ ‘5 ENGRGMGT |/ 4, - /[ /¥i]s AL RIATNG AYSTLM - AFE
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ECB10.41
{28 Ibs
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Secure heater to cabinet with

(2) sheet metal screwsF
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REVISIONS

LTR

DESCRIPTION OATE APPROVED

Elactric Heat (Optional) — Additive electric heaters are available to
supplement heating capacity i indoor unit ECE10 senes electie
heaters are svailable in severat Kw sizes, see Eiectric Heat table
Hesters held insi1all in e vace provided in blower cab-ret The helix
wound bare wite h ] are eapased directly
in the sir stream reauling in instant heat transler, 1ower eiemant
tempaeratures and long service life Heaters are equ roed with lub-
fusing to meet NEC req €achheating
with sccurately localed hmnt controf with a fived lemperature off
setting and automalic reset his addition, elemenis have supplemen.
tal thermal cutaH salely fuses provicing positive protection in case
of excessive temperatures CutoM fuses sramountcd esternal to the
alemaent lace plate for quick and easy replasement Thermal se-
quencer relay bings ths heating elaments on and o the hne in
md equal with 8 lime delay between each
also tes and terminates b ower operation
Hulmq contint rellyh) deftost heat relay, 24 volt franstormer and
) block are f as standard

Controlbox and a“cess cover are consiructed of heavy
gauge galvanized steel Heaters are compleiely factory assembled
with the contiols instaled and wired.

ELECTRIC HEAT DATA

-

A T L ks B

kAL R

Electric

Electne |

*Mimimum Cwcuit Amrecny
[

Heat Kw
tront

104

Elements
o, {No. of Steps} Heat Biuh
Phase (4]

3

208

*+67

Circun

220

116
127
1)8 47,100

13 steps)
{1 phasa}

230
24¢

.78

Discard rear filler panet.

Discard front filler pansl from
this opening (save screws).

Discard power-in access
panel (save screws)

Remove blower access paned

INSTALLATION) DETAIL

NO HCALG

TOLEHAMCES UNLESS
NOTL0 OTHERWISE

ORAFTSMANI -~ .
CHECKER

i

* 900 F URMED B 1~

DEV ENGR

HONEYWELL
INC.

ENERGY RESOURCES CENTER

[

X
KT ANGLES
XXX 4 e

MATEHIAL

ENGRG MGT Sl

CONTRACT NO.

MINNEAPOLIS, MINN. 55413
--’-H‘ l_‘ ‘Q JY‘DT'
_.L ‘_k =Y A\Jw

A\ -=rd

o LT SYSTRM

‘\I’\L;\'('
AUMLL

-,

v
K
k

[ AT S

”'-'_ \P lL(.

CCCE ICENT ND,

C | 55513

SIZE DRAHIHG, NO.

S VALADT
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P10 Serles Outdeor Units

HP10 OUTDOOR UNITS

Waeather Resistant Cahinot — Heavy gauge gatvanized steel cahinet
is subject to a five stahon aing phosphate metal wash process. This
Prepatation results In a perfect bonuing surtace for the hinish coat of
baked on enamel. Attractive enamel imish gives the cabinet long
lasting ati weather prosection. Top panelis lined with thack acoustical
fiterglass insulation. A rugqea steel outdoor conl tuard is furnished
as stanard. Drau holes in the base section provide condensate and
deliast drainage. Base is slopeo to asnsure rapid removai of water,
Heavy duty support channels under thie bate tuise the unit off of the
mounting surface av/ay from damaging moisture.

Comprassor and Controls Compariment = Separate compressor
and controls compariment salaies the c.mpressor and controls
from the weather and sound ran.rmission, End or top panel van be
removed for coniplets service aciess.

Controd Box — Large size and conveniently located in the compres-
sor anvd controls ¢ mpartraent for ersy access. Pre-wired at the
factory. Electrica! intet holus are providd in the cabinet for wiring
ey,

Efficient Condensar Fan — Direct drive far moves large sir volumes
uniformly thru the entire outdoar cod resulting in high refrigerant
cooling and heating capacity, Lcuverad panel is removable for com-
plete service access to the fan and motor. Air enters unst thru the
louvered panel and is discharged thru the co.!, Siraight thru flow of
outdoor coil air resuits in both mimmum restriction and operating
cost.

Large Outdoor Coll — Lennox igned and
€oil providas large surface and contact srea for maximum efficiency,
b coi [ ica buldup st coil hase in low sm-
béents. Discharge gas -nllu bottom of coil during cchou and hnt
of refrigerant fiows counter to water
<Sean snd unobstructed fins and tubes, Co lis conmucled of pvh
cisely spaced npple-edged fins machine fited to copper tubes. Fin
spacing allows upid and compiate water drainage. Fins are

d to resis1 b 9 and sre equipped with collars thet
grip |ublm for maximum :nr.uu sres resutung in excellent hest
transfer, Flared shoulder tubing joints and silver soldering provide
tght lack proot joints. Coil 15 thotoughly tested under pressura to
insure leak proof construction.

D dable and Quigt Compr -

Rugged and reliable :ompvﬂw is e mm-nw sesled, Suction
h i

cooked, overioad d and d witl

relief valve Internally p fromae.: e current and temps

#ture, Suction gas is routed over the motor resuming in low in-

winding temperastures. M od snd discharg: P

within safe limits. O Hiciently a1 low outd, 4 (4]

dumm heating mode. A hester is h d as dard
andp d from slugg The 0 Qeut

8 spring mounted within the sealed nousing, In addntion, the com-
pressor is instalizd on resshent rubber mounts in the unr, sssuring
quiet gnd vibration fres operstion.

Suction Lins A — Factory d snd piped. Traps and
[ large of liquid 9 from directly
into the comp: and g d. 96 on stait-ups and refriger-
s cycie change.

Reversing Valve — 4. way Imouw *eversing v-m affects o
taid change in d of "oe flow | in nuick

changeover from cooling 10 heating and vice versa Vawe oporstes
onpressurs differentiat berween ouwtdoor unit andindoor unit of the
s/3tam. Cuie! operating and butht lor years of irouble-iree sarvics.
Factory installed and piped.

DIMENSIONS (inzhes)
HP10 OUTDOOR UNITS
p—r— ——
- r 5
[y
<
AOW
Modal No A B [q L) £ F
WP
AL FTETR FYR zsnln-u 2 ]s

Expansion Vaive — Designed and sired specifically for use in heat
pump system, Sensing bulb is located on the true suction line bet.
ween reversing valve and compressor thus senting true suction
tempei =ture in any cycle, Factory nstaled and pped.

Dischurge Temperaturs Thermostet — Protects system in cass of
reltsgerant charge loss. Factory wired andinstaizd onthe dischergs
line. Manual resae.

Hi-Capacity Yo Way Dricr == Unique o wray deier with infemal
check valves s unil zed 1n both v cooang and heat:ng cycles Fac
tofty installed in the hiquid line assuting a ciean system at all times,

High Fressure Switch — Factory installed and wied Protecty syn.
tem from sunormal operating conditions. Manul reset,

Defrost Controt — Units are equipped with an air (ressure diffarens
tial defrost control syrtem, Facioty instalied aif pressure swich
activated by the pressure ditference acros3 the outdoor coil, dus ta
frost accumuiation, autometically iniha‘es the delrost cyce. The
delrost cycle isterminated by s temperalure sensing eiement which
senscs the refngerant tempersture feaving the outzoar coil. A do-
frostcycle is called for only when suthicient rost has accumutated on
the coil 10 cause 12 necessary air pressure d.Herence. Unit opers-
tion will not be interrupted by an unnecessary detrost cycle causad
by changcs i other pans of the system due to maifunction, The
defrost control is factory set,

Refrig Line C | Electrical Inlets and Service
Valves — Vapor >nd liauid lines exter.d outside of cabinet for esse of
field connections, Perigorant line connections and field wirinng inlets
a1e ail convenient'y made st one centrat loceton on the pnit. Fur
nished and factory installe 1are acheck vatve, a schracer fitling inthe
suaion and discha’ge ines, shutoff velve wih gauge ports or, the
vapor snd liquid knas.

Stert Kits (Optional) — Avail ” A [ for field
installation on the HP10-211V and HP10-411V single phose units.
Pravides assistance for compressor start under lo2ded conditions of
in the event of isw voltage. Specily compiete und moos! number
when ordering.

Outdoor Thermostat Kit {Options!! — Thermosiallst maintaing the
heating 10ad on the .veat pump a3 long 33 possibie belore allowing
the Olﬂmnll aum: sry ct.nnc heat to come on Xn {LE-44376BA}

one outdoor and bescaet with provi-
sions for 9 two th ts. H the anat two
anad {P-B- 10715 mwst be ordered

extira,

Approvals — Outdoor units have been thoroughty tested with
matching indoos uruts 1n the Lennax Research Laboratory environ-
menta) 123t room and accurately rated according 1o ARI Stanriard 240
conditions, In acd1ion, units hava been rouna tested in the Lennan
reverberant sound test room snd rated according 1o ARI Standerd
270 conditions. Units coming within the scope of ihrs standsrd
(135,000 Btuh or less) carry the AHi certification seal Outdoor unts
and components within ate bonded for grounding 10 meel safey
standards for servaing required by U L. and NEC. Unns are also UL
Listed end histed by CS.A. 03 contified

N LA

15 e 74
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LTR DESCRIPTION DATE APPROVED
HP10 SPECIFICATIONS ELECTRICAL DATA
Aoin] N 010 SV Mornl Number HPIOIIV___ D
g. Nt Lo o i (g ) bl Ling voltane (1ata ~ 22 v ouns inh
A . Oucmlr‘m Todis tfeamy (in ) & No_of (iws 12—~3 A vied 1039 ampy - 170
0 Vove it aneh 0 [ Pawar 13207 an
lin:hes) ametes () & No_of blades 22— 4 th e dietnramps 8% 0
Outdoor [ocho. Lk Outdoor Conl [Fu_=19 37 ps 30
R UNITS fan Ctm hactory seitir 1) 2840 |_Fan Motor_[Vereevirtor amps 3
Rpm (factoty setinn) 828 SAEAIMIM Cirr it arny ooty T2}
W.atts tlaciary seiiinnb 60 *Reler 10 Nananai Liecinem Cooe manusi 10 wire luse and o e 10
{Acttnerant 22 (chatan turnishen) 9ihs Joz NOTE ~- Latrames of operaung range s/ pius snd minus 10% of line vohage.
Liquid L cannnctinn tewat) 38
Vapor [ine eannechinn sweat) 34 S
INet woiaht tihs | & N0 of packaines 325 -1 ORIGINAL PAGE%VEIY
SELECTOR —
Lennox e ¢ * At Standard 240 Ratinas L!M’“_”_
19| ow . p Bahurmid
O&l:::lv'?:h Cooling| Temp. | Temp. TER Yo'.:""‘"“ Wants 1o UpTio
Capacity] Heasting | Heating '9 Low itying
w{ARI Standard Bund |C 2 | Cacling | (Bt | Yemp. | COP. § Temp. | COP.| Capacity
270 SRAN! Ur"'"' v _Ui.".‘)_‘l' ‘Watt) [|Heating Heating
,, HPIO31Y 1l 30500 | 31000 [ 18.000 | 3050 | 72 | a400 | 27 f 2150 | 19 | 2% " ceplo4
A n ted n accordance with ARl Standard 270
3 F *Ratrd in accnrtance wilh ARI Ttandard 240 A1 450 ¢fm Imanmum) indoor h ton of cool i
F G H E] fq.wp,‘:. Ratings — 'J'aﬂF oiitdnnr ln'l»mn-unut ana bGP .c;'.sétf w”b .7:;;‘-’»3'::,'?;.: 27‘1° cooling capecity and 30 & of connecting refrigerant Enss.
. : gh Yemp ng Astings — 47F A 41F wh ouldoor s temperal and 70F db en Ndaor cod B,
};’ 8 5 |314}212 1292 tow Temp Hesting Ratings — 17F ali 15F wh oulanor a7 temperaiure and 70F db ::u::-:':-'n.aw cod :r'.
f*‘ **Wattage for blower mator included 1n total unit wsits histed.
' C
' HP10-211V HEATING PERFORMANCE
for use In heat 8t 1125 cIm Indoor Coil Atr Volume {CBP1041) HP10-311V HEAT PUMP OUTDOOR UNIT HEATING CAPACITY
uction ling bet “Outdoor Compressor Total o !»m \orature Emmng Uutdoor Coil (F)
Pg true sucton Temperature Hotor Watts Output indooe tndoor Cail 7" ]
od. (Deqree F) lnput {Muh) Unit Air Volume Total Cqmp. Total Comp. Totad woinp, o Tatal Comp.
[ Modsl {ctm) Heating Motor Heating Motar Heating Motor Heaung Motor
pem in case of N RO No. 70F Jb Capacity Watts Capacity Watts Capacnty |§ Capacnty Watts
nthe discharge ) T {ftuh) Innyut {B1uh) Input, 13 tuh) eith) Input
: [¥. . I 1670 ani o EEET RG] PR Y S K i 3-9 11°5
" -’ 4 Sy ) CBP10-41 1125 aun R ) 325 ) H 1302 1695
;g"’:y’:li".";".: Ty :' " 1700 PR T ) FETCO ) I 3
: . ' > et NOTE — Heating capacities include the stiect of defrost cycles in the Tempstalusa range where iney occur
|’mu alltimes, ¥ D XN
A 5 N X
& Protocts sys- 0 - -
'f“- B Ty R '
esure differen 0 T . FO] HP10-311V HEAT PUMP OUTDOOR UNIT COOLING CAPACITY
vessure swilch ) o [ENND] indoor Coll
-ov coil, dus 1o [ 0 N T tnd "F Dv Bulb Alr Temperswre Entering Qutdoor Cot (F)
roﬂ cyci, The *0uidoor tempesature at 107e 1A141IVE Numality U:I:’ Total 85 T o5 T35 T 715 ——
s Indoor temperature &t 70 . ¢ Total |SensiblefCompi| Total [E ble[Comp.§ Totat {Sensble|Comp il Total 4
lement which Model Air -
e coil, A de Mo, ;. Cuoling | To Total[ Motorit Cooling | To Total] Motor § Cooling | To Total| hvintor | Cocling | To Total 3
seumulated ‘ tetm) Copacity] Ratio | Watts/Capacity] Ratio | Watis yC. Rato §\Vatts Canzcty| Aatio Prone—
F“u:n'omf: ITtohh | 1ST) 4 tnput { i8toht | IST)_ | tonut d (Btuh) | (ST ] tenut + (Stuh) | IST)
. [ ) IR N R 2 5 XN 3
i cycle caused 6 75 W = 5 ; 5 ) L -
!ﬁmanon.'ﬂ\o 260 0 T o o v R ry
; [ [N REENINY) x T 7 AR 23 -—
,and Service CBP10-4% 67 17 1 25 A0 ’ 74 75
et for ease of z2 1 e ~ ",; : L :
i o . 2 A ) b 2
""“'.'""",’L‘"F‘": n [z EY ISV N BTN I TET H
b P !Jn ["g':\. 25 L. S Ang Sracd b i -‘1 [l )
pot fing TE == All values sre gross capaciies md 00 not (Nclude INAOAY €Ol blower MOtOr heat deduction,
o ports on the g
umum Line Kits ~ Lines 87w availabls in seversl lengths and E
INSTALLATION CLEARANCES must be ordered extra. See Refriqurant Line Kit table for selection,
18 Inches minwm The nt kines (vapor and hauid) are shipoed refrigeration
jo——4° minimum ——{ clasn. Lines are cleancd, dried and pressurzed at the factory and
" N saaled by means of 3 rubber plug. Plug Pis tight enough to hotd high
pressurg in the lines, These plugs shuuld not be removed untl
AR + connections are ready 10 be made, Thus the system is assuted of B
rLow |HP10 Series completaly clean and dry lines for the instaliation, Vapor line is fully
RELE A‘TD DMWING— w OJTDOOR insulated. Lines are furnished with 8 ilare hiting {indoor unit connec-
e LA UNIY tion) on one end and tess any tung (stubbed) on the opposite end
for connaction 10 tho outdoor unit. [
E.CO.CCNT e )
s ROI, 1 REFRIGERANT LINE KITS
3 minimum for sarvice Outdoor Unit || Line Set Length of Vapor |Liquid Line| Vapor Line
)i e Lonnax l Model No__{|Model No. | & Liguid Linegtt) | fod in) | lod. in])
AR Standerd NI 29
thrs standard NG HP10-311V ] 30
O unts SURDING STAUCTURE =1 . 38 (7Y
go revi safety iR iﬂL
sresto UL
¢ TOLERANCES UNLESS DRAFTSMAN | Vnpony e} 7, =47
. RoTED OTHERWISE  [crcxen HONEYWELL | ENERGY RESOURCES CENTER
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HOT WATER SUBSYSTEM
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INSTALLATION INFORMATION

AEVISIONS
LIn DESCRIPTION DATE 1 APPROVED
A | EGVISED WSTAULATIIV & INSULATION IFQ 7-l4~77Uﬁ'd%;/w
| 1
1000 !
ol TERERIECRS | |
ODLYLN POWT I D
7.3 8 R el SR Ty\.

&80 W WD
HTORAGE TANK TEAMPS,

"o
o F,

VIGURE. \, HEATING CON PERFORMANCE,

% 0

10" C
) DHW preheat coil will be previously installed in storage " 1% EFE&‘%A\)K— _— ‘8&&‘ - -—
tank and has enda protruding from top of tank, 30°
” CO\L OUI'L&T '\'QMP 35'F.
?) Tighten adapter on compression {fitting, » | © DSGN PONT
B) Solder coil ends to copper tubing using coupling. v
f &
- - /
g INSULATION INFORMATION g 8 /L
1) Insulate copper tubing from storag's tank outlet to hot ] . 1 /
:  water mixing valve. R @ 7 "
? a1 / i .
& 4 /1 | s<
ZJ O
oJ
| | 2
0 [} 3 A - 1 é \ N9
FLOW (PM) ~
FGURL 2. HLATING ColL PRESURG DROP e
' M
~H
s DOMESTIC HOT WATER (DHW)
3 Subsystem
17\ ) y The DHW subsystem consists of two hot water heaters in
1 ART NO QUN\) series, The 1st heater is the cofl Immersed in the storage
3TC \ G tank, and the 2nd heater is a conventional domestic hot B
d e water heater, The storage tank is heated with he surplus
3/4»" | =y s solar energy not required for space heating. This storec
: (\)\l» b/ ' heat is transferred to city water viu a coil which preheating
- }"1_” i WA e the water before it goes to the conventional hot water heater,
d ‘\EJW&'/"” When the storage tank 18 at it's maximum temperature 200°F
’_4 \ - ne additional heat will be required from the conventional heater
s at flow rates of %/ gpm or less, The capacity of preheat coil
a- 2 is shown in Figure 1 and 2. To limit the output of the h=aters
- to 140" a self contained 3 way mixing valve tempers the hot
4 S RLQD water to the user with city water.
T STANDAZSAAS REA'D ————
~' ToLERANCES eSS [oRATTEMAN Docubuud 4011 HOZJEYLYELL | ENERGY RESOURCES CENTER
: poraD e ""iia;s::s Lavengh | J. Dbl 8ei i.dC. MINNEAPOLIS, MINN, 55413 A
1 P XXX ¢ o LUGRGMGT | -7z riet” b/ /27
4 AoRLQD MATERIAL 5INGLL FAMILY RLS DQ\QCL
CONTRACT NO,
, HOT VAATLE. 5UBSYSTLM
9 WILLIRA O BRIGN | SIZE TEC2E IEENT N0, [DRAWING Mo
j NEXT ASSY USED ON C | BEa13 | JK-1420%2
: APPLICATION FINISH-SEE NOTE NeW CASTLL SCALE Nt | [sheeT 1 0F 1
) E-1 |
[\ l , |CONTROL|A| l | l E

Cgew o




oW

APPENDIX F

=
€3]
7
>4
n
18
-
7))
|
Q
(01
B
-4
O
Q

DRAWING NO. Sk 142105

4

I

o




RARAEREE bbb - S )

TURTL @R

S A

Rt thr B & L L Sty

LR FERGRAY T R TR e EERL . T

PART NO,
PACL * HERMOSTAT POLAR
| BOIDOUZ FRAME © PR =N
gt
D »>- ™~
“‘f" — C\
I
i
I
ol
o
g e,
— 5z
Ee]
Te~l, 4
14 HIORAGL:
ThNK
Tenr,
C | Y
;u
| e
L ¢
)
H0LAR. HLATIVG SYSTLM CONTROL 5CHEMATIC
NO ACALL
BB {)
oF POOR |
MATLRIAL UAT
) ITEM |QUANL | DESCRIPTION TYPL [PRRT WO, | 4
I VL eI L2 CONTROL FANE A
B MIBILL 5K -14205D « )| fOLA2 COMTROL PANEL , WAGBAIOOA
‘ Tor i AQUASTAT COMTROLLER. | L6OCBLICGS | 1
Te ! AQUASTAT CONTROLLER. | LAOOBDI0I |}
] MULT | 5T TRGRMOSTAT | 18721004 [
|| THLRIAOSTAT 4UBBALL | QUT2BI004 )
v, || MOTCRIZED VANE VA3IRI00S | )
>V, | MOTCRIZLD VALVL. VA3BINI003 }
] 2 | MMER5I00 WELL 1225550 i
| (AT AS5TMEBLY 112842F [
Tz > | sLNsce C173B1005 \
| COLLLLTOR. 4EN508, SHIEL| SK- 142067 !
| DIFF. TLMF. COMTROLLER. | R1412 }
FUT2 | 2 | THRRUDLTAT P-g-ions |\
A 1 MOUNTING 0% M-1595 {
| BILD GUARD 101323A !

e v 70 l




e 5

P

R R .3

IR - £ onbiath et Sl o

it

Y

L—— AU, ELLCTRIC
HGAT Con. u

AOLAR,
/7 WGAT COIL

v«,-npfwg,,
)

7

/] JX/

AT PUMP
» L NER o

LA HUGR

R L G S

AERTe T

Solar Heating System - Single Family Residence

REVISIONS

LTR

WJESCRIPTION

DATE APPROVED

Lo,
AU g

GENERAL

is as follows:;

SEQUENCE OF OPERATION

o Collect solar energy when available
= Store energy under no load conditions
= Provide energy directly to 1oad on demand

o Use direct solar energy before stored encrgy

' e Use stored energy when direct solar energy is not available

ORIGINAL PAGE IS
OF POOR QUALITY

The solar heating system and the auxil{ary heat source (heat pump and
electric coll) are controlled by the space thermostat, The control logic

o Use direct or stored solar energy before auxiliary energy

DIRECT HEATING FROM COLLECTORS

Whenever plate temperature T, i{s greater than 105°F (adjustable) and there
is a call for heating from the space thermostat,pumps Py and P, are activated.
Valve Vg s positioned to direct flow to the heanng coil, The furnace fan is
activated to provide warm afr to the space.
limit controller will cause valve V, to direct flow to the storage tank if the

A heating coil leaving air high

heating coil leaving air temperature exceeds 140°F. Direct heating

operation will continue until the space thermostat {s satisfied or until

the collector plate temperature has dropped to 90°F,

HEATING FROM STORAGE

Whenever T, is less than 105°F {adjustable, Tgt {s greater than 100°F
(adjustable) and there is a call for space heat, pump Pj is activated to
discharge the storage tank for space heating.
direct flow to the heating coil, The furnace fan is activated to provide warm
air to the space, Pumps Py and P3 are not allowed to operate during this
mode., The heating coil leaving atr high limit controller functions as

described above.

Valve V3 is positioned to

STORAGE CHHARGING
Storage charging ts accomplished whenever T is greater than Tgp by 18°F
: R {udjustable), Pumps P, and P are activated and valve V is positioned to
i ' 1
? di;ect flow to !he storage tank. If the above temperature dxl‘fcrence falls
: HONZYWELL to less than 3°F (adjustable), the storage charge mode is terminated.
]
1 HONRYWERLL
N2 HEAT REJECTOR CONTROL
HONEYWELL Whenever the collector discharge temperature exceeds 210°F (adjustable)
as sensed by Tcp valve V, is positioned to direct collector loop flow
f HONGYWELY through the heat rejector, and the heat rejector fan is activated.
1 HOOGYWERLL
H AUXILIARY HEATING
% HONEYWERLL Whether or not, solar heating is being utilized, either direct or stored,
El HONGYWELL ! auxiliary heating will be available, {f required, from the heat pump,
: Additional auxiliary heat will be available, if required, from the electric
i heating coil uas determined by the control logic and outdoor thermostats
| HoMWEL o NG heating col y g
i | P adans nd T-2.
HONGYWELL UKR CY
wo. - W DOMESTIC HOT WATER HEATING
eyl L
HONEYWRA ,g{;D-?- - Whenever domestic hot water is drawn from the water heater it is
i T ,replaced by preheated water from a coil in the storage tank. A
3 WO wRA thermostatic mixing valve is used to regulate the hot water supply
1 NO\J\ZY\JC.L\.‘ temperature to 140F. __
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LTR DESCRIPTION DATE APPROVED A
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'f —0 SITE DATA ACQUISITION SUBSYSTEM ‘
Lwoo ) MATERIAL LIST o8
1
i(::cg::la B.Aoc;qulsit(on Subsystem Module @%‘Gﬁ %‘J Q‘S }»‘J
Instrumentation Sensors as follows: 0? ?00
|~ LPMOL
SENSOR FUNCTION DETAIL —
AR ELLC. HuT con 1001 Total Radiation ' (O]
|~ T400 TO01 Outdoor Ambient DB Temperature @
T'—M HLAT oL T100 Collector Inlet Te;nperature @
P I TDIOl  Collector Differential Temperature
e T I~ HGAT PUMP IIDOOR UIT TI02  HX Solar Inlet Temperature ©
‘ w200 Mwé\i:: TD103 HX Solar Differentia! Temperature
i gt T200 - HX Hot Water Inlet Temperature @ C
- TD201  HX Hot Water Differential Temperature ' @
* T202 Storage Tank Temperature - Top @
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E: EH 1. All tenpcrature sensors shall be located so as to avoid !
f: v accidental damage to the sensor head asserbly.
7
E 2. Dow Corning DC-340 heat transfer grease shall be applied
ﬁ to the bottom of the temperature probe prior to inscrtion
* into the thermowell.
L 3. In areas vhere there is a mixing of flows, the tempsrature
‘F" -
& sensor shall be mounted a minimum of twenty (20) pipe
: o ; diameters downstream of the point of mixing,

G

b/ 4. Al torperature sensors shall be identified with a brass tag.
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FLOWMETER INSTALLATION INSTRUCTIONS

1+ Flowmeters shall be preveded by a minimum

of twenty (20) pipe diameters of uninterrupted
flow linc upstream, and followed by a mimimum
of ten (10) pipe diameters of uninterrupted flow
line downstream. These sections shall have no
elbows, valves, thermometers or temperature
sensors, or other obstructions.

2. Flowmecters shall be located in the horizontal
position, .

3. Al ﬂowme!cm shall be {dentified witly a brass
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SOLAR HEATING SYSTEM - SINGL.F. FAMILY RESIDENCE
ELECTRICAL SUBSYSTFM
) GENERAL CONDITIONS
1.1 Scope: The Electrical Subsystem will {nvolve all field
electrical wiring necessary to complete the solar heating
system and make {{ ready for cperation,
1.2 Required Work: The Electrical Contractor shall provide a c
separate branch circult to each of the following. Values
given are minimum clircuit ampacity.
s,) 230 V single phase
1.) Heat Pump Outdoor Unit: 24.3 amps .
: 2.) Electric Heating Coll and Hieat Pump Indoor Unit:
79.2 amps
| 3.) Domestic HW Heaters 39,1 amps
? b.) 120V single phase
1.) Energy Transport Modul:: 12.9 amps
Each branch clrcult shall have s circuit breaker or fuse at ﬁ___
main electrical panel, stzed per all applicable codes. A
disconnect switch shall be provided Uf required by code,
BASIC MATERIALS AND METHODS
2.1 Basic Materials: All materials shall be supplied by the
: Electrical Contractor, All materials shall be as specified
‘Z by the Architect and required by all applicable codes,
! E
. 8.2 Basic Methods: All work shall conform with all applicable
f codes,
| = e
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{
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DIVISION 15 - MECHANICAL

1. PROJECT DESCRIPTION

].I

1.2

2. MORK

The work included in this contract consists of the installation
of a solar energy system to provide space and domestic water
heating for a single-family residence at the intersection of

Llong & Hamilton Streets, in the City of New Castle, Pennsylvania.

Honewell, Inc., under contract to the U.S. National Aeronautics
and Space Administration will provide at no cost to the contractor
components for the following suksystems:

a. Collector

b. Storage

c. Auxiliary Energy & Space Heat

d. Domestic Hot Water

e. Energy Transport

f. Control

In addition, Honeywell will provide componets for another subsystem,
the site data acquisition subsystem. All costs related to this
subsystem for materials and labor must be identified as an alternate
to the base bid.

BY OTHERS

2.1

The following is work that will be performed by others. The
contractor shall be responsible to coordinate his work to provide
proper interfacing between his work and the work of others.
a. General construction of the residence including all necessary
site work, utility service, distribution ductwork for the
space heating system to and from the heat pump unit, and
distribution pipework for the plumbing system from the domestic
water heater and cold water inlet to the plumbing fixtures.

3. SCOPE OF WORK

3.1

L, LAWS,

This specification covers all labor, tocls, and materials necessary
for the complete installation of the work shown on the heating
drawings and described in these specifications. The installation
shall be guarantecd against defects in material and workmanship for
one year. ’

REGULATIONS AND FEES

L

This work shall comply with all applicable laws and regulations. The

Contractor shall secure and pay for all necessary permits.

5. HONEYWELL - GOVERHNMENT FURNISHED EQUIPMENT

5.1

Job 7727

The following is a list of the system components which will be
furnished at not cost to the contractor.

...........
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6. STARTING OF PIPING SYSTEMS

g e

6.1 Collector Loop

—
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Job 7727

Complete testing of collector loop as called for elsewhere in
three specifications.

Filling and Cleaning Precautions

(1) Cover collectors before filling or fill at night

(2) Do not operate pumps dry

(3) Do not over-pressurize system on initial fill

Clean system with a solution of 1 gallon trisodium phosphate

.per 100 gallon water circulating for four hours. Check strainers

periodically. and clean as necessary to avoid damage to pump.

Drain cleaning solution and measure collector loop fluid volume

so that correct amount ecthylene glycol can be added.

Flush system with clean water for two hours.

Collector loop filing procedure:

(1) Open vent at top of collectors

(2) Fill system with proper amount of ethylene glycol to provide
a 50% by volume solution.

(3) Add corrosion inhibitor as per manufacturer's recommendations.

(4) Operate control valves as necessary to fill all piping and
remove all air from system.

(5) Close vent and add fluid to provide a nominal 30 psi gauge
pressure at module fill point.

(6) Operate system and check all vents to eliminate all air from
system.

(7) Add water to pressurize system as shown on mechanical plans.

6.2 Storage/Heating Loop

Complete testing of storage/heating loop as called for elsewhere

in these specifications.

Filling and cleaning precautions: same as above.

Flush storage tank with a hose.

Flush piping with clean water for two hours.

Storage/heating loop filling procedure:

(1) Add water to system up to proper level in storage tank.

(2) Operate control valves as neccessary to fill all piping and
remove all air from system.

(3) Recheck storage tank level and fill accordingly.

(4) Add corrosion inhibitor in quantity specified.

6.3 System Operation

Uncover collectors and operate system for several days under
automatic control. Check system fluid levels, air vents, and
operating pressurc periodically.

6.4 Contractor will be assisted by systems engineer. Submit results of
above work to architect.
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ORIGINE” QUALITY

7.  TESTING OF P

7.1 Solar Heating System Piping: (except collector headers, storage

7.2

7.3

tank, and hose connections to collectors.)

a. Test after erection and before concealing or covering. Any
materials or workmanship found faulty shall be replaced or
repaired and sections or systems retested.

b. These systems shall be proven tught under a hydrostatic pres~
sure of 100 psig.

Collector Headers and Hose Connections to Collectors

a. Test after erection and before concealing or covering. Any
materials or workmanship found faulty shall be replaced or
repaired and sections or systems retested.

b. Cover collectors or conduct test at night.

c. These systems shall be proven tight under a hydrostatlc pre-
sure of 50 psig. .

Test results shall be submitted to Architect.

8.  BALANCING OF SYSTEMS

8.1

8.2

8.3

8.4

9. PIPE

Hydronic Systems

a. Balance flow rate of each pump to within 5% of specified flow
as shown on plans.

b. Balance flow rate through each branch circuit to within 5% of
specified flow as shown on plans.

Air Systems
a. Balance air system so as to provide flow rate at Solar Space
Heating Coil within 5% of specified flow rate as shown on plans.

Motor Amperages
a. Measure all motor amperages and compare with nameplate ratings.

Balancing results shall be submitted to Architect.

AND PIPE FITTINGS

9.1

9.2

9.3

Job 7727

Solar Heating System
a. Type "M" hard droawn copper tubing with wrought copper or cast

bronze fittings. Solder joints made with 95-5 tin-antimony solder.

Installation Method
a. According to manufacturer's instructions.

General Requirements

a. All piping shall be run parallel to adjoining building surfaces
and by thc most dircect route. Exposed piping shall be run as
close to ceiling and/or walls as possible.

b. A1l pi,.ing shall be installed so as to allow for movement due
to thermal expansion and contraction.




Bt o .t

A Ra e R T e

AR LD

1544 - ACERAR Ll AN o S A BRI ARt it i it s

AT SR IR AT R R T e g TR

c. Install manual air vents as shown on plans and all high points
in the system, .

d. Anchor vertical piping for support as required. Install pipe
hangers in horizontal piping at cight foot intervals. Pipe
hangers shall be Fe¢M No. 364 or No. 365, or Autogrip, or equal.
Provide an eight inch section of rigid insulation for pipe
saddle within each hanger.

10. VALVES

10.1 Manufacturer
a. Valves shall be manufactured by Crane, Jenkins, Walworth, Powell,
Lunkenheimer, or Stockham, except as indicated.

10.2 Valves - Solar Heating System
a. Gate Valves, 2" and Smaller
(1) 125 1b. steam, bronze body, solder end, solid wedge,
rising stem.
b. Check Valves, 2" and Smaller
(1) 125 1b. steam, bronze body, solder end, bronze disc,
swing check.
c. Ball Valves, 2' and Smaller
(1) 150 1b. steam, brass body, screwed end or solder end, glass
reinforced Teflon seats and stem seals, balancing stop,
brass ball, blow out proof brass stem and vinyl grip on
handles. '
d. Drain Valves, 2" and Smaller
(1) 125 1b. steam, bronze body, globe valve, screwed end or
solder end, composition disc.
e. Balance Valves
(1) Circuit setter balance valves as manufactured by Bell &
Gossett and sized as shown on the drawings.

10.3 Valve Tags
a. Each system valve shall be identified with a stamped numbered
brass tag. A schedule of valves including valve size, service,
manufacturer and location shall be submitted to Architect.

11.° SOLAR STORAGE TANKS

11.1 Procurement
a. The Sotar Storage Tank will be supplied by Honeywell ERC.

11.2 Required Work
a. The Mechanical Contractor shall install the Solar Storage
Tank as shown on plans.

11.3 The Mechanical Contractor shall provide and install the position
shown on the drawings, one Consolidated Brass (#20-207) self-cleaning
water gauge, rough body, aluminum wheels with two rods. Tested for
pressure to 200 pounds.

Job 7727
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12.  INSULATION L00p" Lag
o Wy 2
12.1 General 17]»
a. Scope
(l) This section pertains to insulation of all solar heating
system piping supplied by the Mechanical Contractor.
b. Material
(1) Armstrong Armaflex, 3/4 inch thickness with waterproof
coating.
c. Installation
(1) Per manufacturer's recommendations. Waterproof all
sections exposed above the roof.
13. PLUMBING
13.1 Domestic Water Heater
a. Procurement
. (1) The Domestic Water Heater and Mixing Valve will be
supplied by Honeywell ERC.
b. Pequired Work
(1) The Mechanical Contractor shall install the Domestic
Water Heater and Mixing Valve as shown on plans.
14. SOLAR COLLECTOR SUBSYSTEM
14.1 Scope
a. The Solar Collector Subsystem consists of the solar collectors,
collector header piping, flexible hose connections to each solar
collector, and the purge coil.
14.2 Procurement
a. These components of the collector subsystem to be supplied by
Honeywell ERD are shown on plans. All other materials required
for a complete installation shall be supplied by the Mechanical
Contractor.
14.3 Required Work
‘a. The Mechanical Contractor shall install all above equipment as
shown on plans. Hecader assembly joints shall be made with 95-5
tin-antimony solder. During the joining process a heat sink
shall be provided between the coupling and the pre-insulated
header sections. The pre-insulated hecader sections shall not
be at temperatures grecater than 220°F.
15. ENERGY TRANSPORT MODULE
15.1 Procurcment
a. The Energy Transport Module will be supplied by Honcywell ERC.
15.2 Required Work
a. The Mechanical Contractor shall install the Energy Transport
Module as shown on plans.
Job 7727
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16. SOLAR SPACE HEATING COIL
16.1 Procurement
a. The Solar Space Heating Coil will be supplied by Honeywell ERC.
16.2 Required Work
a. The Mechanical Contractor shall install the Solar Space Heating
Coil as shown on plans.
17. ELECTRIC HEAT PUMP
17.1 Procurement
a. The Heat Pump will be supplied by Honeywell ERC.
17.2 Required Work
a. The Mechanical Contractor shall install the Heat Pump Components
as shown on plans.
18. CONTROLS AND INSTRUMENTATION
18.1 General
a. Refer to Solar Control Subsystem, Site Data Acquisition Subsystem
(SDAS).
18.2 Basic Materials and Methods
a. Refer to Sqlar Control Subsystem, Site Data Acquisition Subsystem.
18.3 Sequence of Operation
a. Refer to Solar Control Subsystem plans
19. CONTROL SUBSYSTEM
19.1 Scope
a. The Control Subsystem will include all controls necessary for
operation of the solar heating system.
19.2 Required Work
Co a. The Mechanical Contractor will install and wire all controls
as shown on control subsystem wiring schematic. This will include
all line voltage wiring required.
19.3 Procurement of Control Devices
a. Control devices listed in Section (i.e., Solar Control Panel,
Aquastats, Thermostat, etc.) will be provided by Honeywell ERC.
This will include the control devices only, all other materials
necessary for a complete installation shall be provided by the
Mechanical Contractor.
19.4 Basic Materials
a. Control sensor wiring (T, and T Wiring from solar control
panc} to control sensors T, and q shall be run in conduit
in outdoor arcas and shall be Bcldcn #8762 or cqual.
Job 7727
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b. Power and control wiring: All line and low voltage wiring
shall be of size and type recquired by applicable codes, and
supplied by Mechanical Contractor.

c. Other Materials: All other materials required for a complete
installation of the Control Subsystem shall be supplied by
the Mechanical Contractor.

SRR R

19.5 Basic Methods
a. Control device installation methods: As per applicable details
; and/or instructions included with equipment. .
b. Electrical wiring: As per all applicable codes.

20. SITE DATA ACQUISITION SUBSYSTEM

20.1 Purpose
a. A Site Data Acquisition Subsystem (SDAS) will be installed to

evaluate the performance of the solar heating system as well as
determine the contribution of collected solar energy in reducing
the consumption of conventional energy. The Site Data Acquisition
Subsystem components will be furnished by NASA, consisting of
instrumentation sensors, junction box, Site Data Acquisition
Subsystem Module and a telephone interface.
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20.2 Note that all materials and labor in the Site Data Acquisition
Subsystem are to be clearly identified as an alternate to the Base
Bid..

20.3 Required Work
a. Instrumentation Installation

(1) The Mehcanical Contractor will install all sensors listed
in the instrumentation schedule. The sensor locations
are shown on the Site Data Acquisition Subsystem Schematic
and the mechanical plans. The Mechanical Contractor shall
install the sensors in the locations shown so as to provide
for accessibility and case of servicing.
b. Instrumentation Wiring
(1) The Mechanical Contractor shall perform all electrical
wiring from cach sensor back to the Junction Box as shown
on details and described below.
c. Watt Transducer Installation
(1) Mechanical Contractor shall install and wire watt tranducers
on or ncar cauipment served, and revise factory wiring as
required. See Watt Transducer detail.
d. Site Data Acquisition Subsystem Module
(1) The Site Data Acquisition Subsystem Moduel will be furnished
by NASA, and installed by the Mechanical Contractor. The
installation location will be as shown on mechanical plans.
e. SDAS Telephone Interface
(1) HNASA will provide the telephone installation required for the
SDAS.
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f.

SDAS Electrical Interface

(1) The SDAS will interface with a standard 110-125V, 60 Hertz,
1 phase, 3 amp service. A standard 3 wire interface (safety
ground, power and return) with a standard twist lock outlet,
located within six feet of the SDAS, shall be provided by
the Mechanical Contractor., NASA shall provide a three pin
twist lock connector and cable to interface the SDAS with
the power outlet.

20.4 Required Work
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Jupction Box

(1) NASA shall provide a Junction Box to the Mechanical Contractor
for installation in a location as shown on mechanical plans.
The Junction Box shall be located so that it is accessible
for wiring connections from the sensors into the top and
is within four feet of the SDAS location. At the required
mounting location, the Junction Box shall b mounted using
the four mounting feet located at the top and L 'ttom of the
unit. Depending on the characteristics of the mounting surface,
molly bolts, wood screws or bolt/nut combinations shall be
used to mount the unit. The Junction Box shall be installed
in a top-up orientation,

Junction Box/Sensor Interface

(1) NASA will establish the wire run list which identifies where
each sensor wire attaches to the Junction Box. The Junction
Box will be prewired from the terminal strips to output
connectors by NASA prior to delivery to the site. Each
applicable sensor detail illustrates the sensor to Junction
Box wiring. The Mechanical Contractor shall connect sensor
wires to Junction Box terminals according to a wiring diagram
to be provided by NASA.

Junction Box/SDAS Module Interface Cables

(1) NASA will install the cables between the Junction Box and the
SDAS Module.

; 20.5 Restrictions On Use of Instrumentation

No monitoring, indicating or readout devices are to be connected
to the instrumentation sensors, i.e., paralleled with the Site
Data Acquisition Subsystem, without prior approval of NASA.

20.6 Failed Sensor Replacement

The inproperly operating sensor will be identified to Honeywell

ERC after cxamination of the sensor for signs of physical damage
such as broken wires, loose connectors, loose terminals, etc.

If no physcial damage is apparent in the inspection, NASA shall

be notified for further instructions. If mechanical damage is
apparent, the sensor shall be replaced by the Mechanical Contractor
with a sensor supplied by NASA. The defective sensor shall then

be returned to NASA for failute analysis.
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20.7 Installation Materials and Methods

Job 7727

a.

Wiring from the sensors to the Junction Box shall be performed
by the Mechanical Contractor utilizing wire supplied by the
Mechanical Contractor. The wire size and number of conductors
required for cach sensor type is specified in list below and
each sensor type is specified in list below and each sensor
detail, The Sensor-to-Junction Box wire shall be UL approved,
color-coded, audio and instrumentation grade cable of the
following manufacture or equal:

Alpha P/N 2421-18 gauge, 2 conductor
Dearborn P/N 972202-18 gauge, 2 conductor
Alpha P/N 2424-18 gauge, 4 conductor
Dearborn P/N 971804-18 gauge, 4 conductor

All externally exposed wire in the outdoor environment or
buried will be in conduit.

Wire nuts will be utilized for terminations at the following
sSensors:

Temperature Sensors 3 each (single element)

Temperature Sensors 6 each (dual element)
Wire nuts shall be replaced with a butt splice in areas where
the conpections are exposed to vibration.

Ring terminals will be used to terminate the wires at the
following sncsors:

Flow Meter 5 each

Watt Transducer 2 each

If terminations conflict with local codes, local codes shall
be applicable.

Other Materials

(1) All other materials nccessary for installation of the
sensors shall be provided by the Muchanical Contractor.
This wiould include but not be Timited to, pipe fittings,
fasteners, electrical enclosures, terminal blocks,
electrical wiring, electrical conduit, and any other
materials nccessary for a complete installation of all
sensors.
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TOMPLRATURE  $ENSOR  INSTALLATION

1. All temperature sensors shall be located so as to
avoid accidental damage to the sensor head assembly,

2. Dow Corning DC-340 heat transfer grease shall be
applied to the hottom of the temperature probe prior
to ingertion into the thermowell,

3. Inareas where there is n mixing of flows, the
temperature sensor shall be mounted a minimum
of twenty (20) pipe diameters downstream of the
point of mixing,

4. All temperature sensors shall be identified with a

hrass tag,
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