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Specification No. SP 2

Date: October 19, 1977

Introduction

This Performance Specification establishes the requirements for the design
and performance of the solar heating and hot water system to be delivered.
it designates the Interim Performance Criteria applicable to each type

of system and defines the deviations. The appendix specifies the perfor-

mance, 'size and the installation drawings.
Applicable Documents

2.1 Government Documents

interim Performance Criteria for Solar Heating and Combined Heating/Cooling
Systems and Dwellings, Januvary 1, 1975. U.S. Department of Housing and
Urban Development.

2.2 Contractor Documents

Installation, Operation and Control Manual 5/11/77

Instrumentation List

Solar Panel Assembly Dwg. 198-55-001

Energy Transport Module Assy. Dwg. 198-55-G 006

Solar Collector Assy. Type B 198-55-B001
System Wiring Diagram 198-30-E008

System Piping & Instrumentation Diagram 198-30-E011

»
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Specification No. SP 2
Date: October 19, 1977

Application of Interim Performance Criteria for A Heating (H ) System
Table 1

L

4.0 Deviations From Residential Interim Performance Criteria
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5.0 Government Furnished Property

See Instrumentation List

6.0 Government Directed Requirements

»
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7.0 Geographical Area
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Heating System (s) for single family residences are for installation
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in the northern region of the United States.
8.0 System Appendix
Appendix A
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; Specification No, SP2
APPENDIX A " Page Date October 19, 1977
Page of ‘

SYSTEM IDENTIFICATION

This Appendix defines the performance and installation
drawings for Enter type of system), (Enter Contractor Name),

System Model Number (Enter Model Number).

SYSTEM PERFORMANCE SHEETS

Site -
The system shall be installed in a Residence in the city of
Tunkhannock » county of Wyoming » ®tate of _po..iilcnia *

Heating Capacity

The system will provide solar .energy for 37 % of the average
total heating load during the heating season based on an average

* total heating load 0163 X0 BTU/Month and a peak heating load

of 26,700 BTU/hr.

Cooling Capacity

The system will provide solar energy for % of the average
total cooling load during the cooling season, based on an average
total cooling load of BTU/Month and a peak cooling load

of BTU/hr. ‘

Auxiliary Energy

The average rate gf auxiliary energy used for heating shall be no
greater than23x10°  BTU/Month of the total energy required for
heating, including hot water. This shall be no greater than __ 63 %
of the total energy required for heating. The average rate of
auxiliary energy used for cooling during the cooling season shall
be no greater than  N/A BTU/Month. This shall be no greater
than N/A % of the total energy required for cooling.

R R TRy L E IR VI

bk i St

W N I

B TR e PSRRI RS Y




SYSTEM PERFORMANCE SPECIFICATION

Specification No, SP2
Page Date October 19, 1977

Operating Remﬂrement. a

Page : of
Hot Water
. 80 gallons of potable (or u.oeable) hot water shall be delivered
at no less than  3° gal/min at temperatures no less than 105 OF.
gy Recovery time shall be no greater t*n 4 hours. The average
15 hot water heating load will be -8'X10™ BTG/Month of which _ 63 %
ed {e provided by auxiliary energy.

The maximum electrical energy required to drive the solar portion of

f the system at its rated capacity shall be no greater than .45 K.W.

& The maximum electrical energy required to drive the complete system
shall be no greater than 5 K,W., The average yearly electrical
energy required to drive the system shall be no greater than 4400 K, W.H,
Water requirements for cooling condensers and/or air humidification shall
be no greater than N/A  gal/hr,

e

ol PR e IR, s ving

WA

Physical Data - Table III

The following subsystems shall have:

%J Design life no Weight (filled)  Installation |
28 less than no greater than dimensions g
- Heating ‘ 20 years 300 lbs 28x28x52 in.
;' Cooling N/A years lbs
Auxiliary Energy 20 years ibs _retrofit
! e ‘2 tanks
Storage 20 years 2000 lbs 28" dia. 62" high
Potable Water 20 years 465 1bs 2x2x5 ft.
) (or useable) “ . rows, each
Collector 20 years 6.7 1bs/ft2 50xé§4 in.
i 5 Ibs/ft (w)
Energy Transport 20 years 4.1 - 1bs/ft N/A
i ‘ s DG
3 Controls : 20 years 50 each N/A
i (Other)
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P.O.Box M
5§36 MacArthur Boulevard
: Bourne nucbuum 02532
= Tel. (617) 5637181
TWX 710-391- 1771 FERNENG BUZ

THE SOLAFERN RESIDENTIAL SOLAR HEATING SYSTEM

_ THE SOLAFERN SYSTEM IS A COMPLETE RESIDENTIAL SOLAR SPACE AND
!‘IOT WATER SYSTEM. WHEN INSTALLED IN A HIGHLY INSULATED HOME
AS AN ENERGY SAVER HOME, THE SOLAR SYSTEM CAN SUPPLY A LARGE
PER(;ENTAGE OF THE TOTAL ENERGY DEMAND NEEDED FOR SPACE HEATING

AND DHW.

LOW MAINTENANCE, DURABLE AND EFFICIENT AIR HEATING COLLECTORS
ARE UTILIZED. THE COLLECTORS HAVE A SELECTIVE ABSORBER AND A
TEMPERED GLASS COVER NEARLY ONE-QUARTER OF AN INCH THICK WITH

AN ALUMINUM FRAME.

THE SOLAR ENERGY CAN BE DELIVERED DIRECTLY TO THE LIVING AREA
WHEN THERE IS A DEMAND, OTHERWISE IT I.S STORED IN THE FORM OF
HOT WATER. HOTWATER STORAGE IS ACCOMPLISHED THROUGH AN AIR-
TO-WATER HEAT EXCHANGER. THE HOT WATER STORAGE IS USED SIMUL -

TANEOUSLY TO PREHEAT THE DHW AS WELL AS TO STORE ENERGY FOR

R T e T T

SPACE HEATING.

T
s,
T

¢
:

B THE SYSTEM HAS A 1 YEAR WARRANTY ON ALL PARTS AND SERVICE

AND A 5 YEAR WARRANTY ON THE COLLECTOR, EXCEPT FOR GLASS

BREAKAGE., THE SERVICE LIFE OF THE COLLECTOR IS ESTIMATED AS 30 YEARS.
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DESIGN DATA BROCHURE

1. - SYSTEM DESCRIPTION

The system consists of six modular subsystems: ggl GlN;Lq%ms
1. Air-heating Solar Collector Subsystem. :
: 2, Solar Energy Transport Subsystem.
3. Water-heating Energy Storage.
4. | Control Sn;bsystcm.
5. Auxiliary Warm Air Furnace.

6. Auxiliary Domestic Hot Water Heater.

The system can supply space heating and domestic hot water as required. The
proportional amount of heating provided by the solar system is dependent on.the
size of the solar s:::bsystems. The size of the solar collector subsystem.is devel-
oped by ganging individual collectors in rows and manifolding rows togétber.
The number of collectors in a row and the number of rows are selected to suit the
building. The energy storage system is sized by selecting the appropriate number .
of storage tanks and manifolding them. The energy transport functions are
packaged into an energy transport module (ETM) confaining the dampers, damper
- motors, blower and the heat exchanger.  The air-flow is adjusted by selecting the

correct motor size for the belt driven blower and adjusting the variable drive

pulley sheaves.

Figure 1 isa functional flow diagram of the 6 operational modes:

Mode 1: Direct Solar Heating of Air Used for Space Heating.

Mode 2: Heating of Air Used for lSpti.:cl'e Heating by Stored Solar Energy.
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MODE 1:_
DIRECT SPACE HEATING BY SOLAR.

THERMIOSTATS?
: 151 STAGE OF ROOM THERMOSTAT CLOSED.
ZUuR STAGE O0F OO\, THERNMOSTAT OPEN.

COLLECTOR THERMOSTAT CLOSED.

FANS:

FURNACE FAN -ON

ETM FAN -ON
DAMPE RS! : 2 1S
- DI - OPEN : 'ORIGINAL;(?S&TY

D2 -CLOSED OF POOR

D3 -CLOSED '

D4 -OPEMN

CIRCH\LATORS -~ OFF . .
AUXILIARY FURNACE BURNER ~OFF

Fi'onre 1 Oneratine Modes

|3 e B T @6 s @i T : _ : .
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COLLECTY OR T'STAT.
DIFFEREMNTIAL, TSTAL -
BENSOR™

R HEATING

P.O.Box M

536 Mchnhur Boulevard
ourne Mauadmum 02532

w (617) 563 3

TWX 710-391- 177! FERNENG BUZB

R ko

e i e
A A Insladensey

i

,:n. 53 ;i
By Y =
N 2 b
= »
b f
= “2. STAGE :
ROOM) T'STAT,
AR
NR DELWERY RETURN
REGISTERS REGISTERS
£ i = WL
PRESSURE REL\EF DAMPER ﬂ l—
I | .
= ‘ []STORAGE COnTROL
T'STAT, DIFFE,
= 3 : TSTA 400 CFM
13 ’
— TEALE
e
3 e __ pLENuM]
: .__3 6GPM | | :«;{“G i : .
:
i 5t : ; (P) E 5 e FILTER
| AUXTUIARY STORMGE e 'o%"' o2k diig, S NENER
THIAT,
WATER HEATER PRIVEALY % : S 1000
Goo CFM ¢ D Dil-e- CFW

" MODE 2: WITHDRAWAL FROM STORAGE.

THERMOSTATS: |2 STAGE 0F ROOM THERMOSTAT CLOSED.
- 2H2 STAGE OF ROOM THERMOSTAT OPEN.

COLLECTOR THERMOSTAT OPEN,
STORAGE THERMOSTAY CLOSED.

F’gN FURNACE. FAN ON.
ETW FAN ON,
DAMPERS: DI-OPEN
P2 -CLOSED
D>-0OPEN
DA4-CLOSED

CIRCULATOR S! CIRCULNTE WATER FROM TOP TO BOTTOM OF
E STORAGE. THROUGH HEAT EXCHANGER.

AUXILIARY FURNACE BURNER: OFF -

Figure 1, Operating Modes, Continued
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¢ OLLECTOR,
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= ‘2. STAGE
== ROOM T'STAT. 3
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NR DELWWERY RETURN
REGISTERS REGISTERS
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AR T | PRESSURE RELEF DAMPER' s
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BEx b WATER HEATER SENSOR .4} 1000
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MODE 3-A: STORAGE[SPACE HEATING DEMAND

THIS CONDITION ON CLOUDY DAY WHEN COLLECTOR CANNOTY \\l\NbLE SPACE HEATING DEMAND

THERMOSTATS: |97 € 288 STAGE OF ROOM THERMOSTAT CLOSED.
DIFFERENTIAL THERMOSTAT CLOSED.

f FANS: FURNACE. FAN ON.

18 ETM FAN ON.

1 | DAMPERS: DI-CLOSED

N D2-0OPEN

B D3-CLOSED

e D4-OPEN

il | CIRCULATORS! CIRCULATE WATER FIROM BOTTOM To TOP OF

= STORAGE THROUGH HEAT EXCHANGER,
AUXILIARY FURNACE BURNER: OFF =

i : [(NSTE] THIS MODE ALso PERTAINS ‘ro.
BACKUP SYSTEM OPERATION._ 1-4

- S SR Il.\lno- ~Aantinnad
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((I'bp Solafern, Lid.

Co\.\.F.CTOR T'STAT.
DIFFERENTIAL T'STAT, -
LGENSOR

P.O M

636 MacAﬂhur Boulevard
Bou nnd\uum 02532
Tel. (617) 5

181
TWX 710-391 1771 FERNENG BUZB

SOLAFERW
TOLLECTOR

Pasis ks UgcE e
A SELE S8 A

"MODE 3-B: NO SPACE HEATING DEMAND,

THERMOSTATS: 121 & 2t STAGE OF ROOM THERMOSTATS OPEN.
DIFFERENTIAL THERMOSTAT CLOSED.
FANS! FURNI\(‘E. AN OFF. . .

ETM FAN ONL
DAMPERS! DI-CLOSED
De-O0OPFPEN
D3-CLOSED

D4-0PEN :
CIRCULATORS: CIRCULATE WATER FROM BOTTOM TO TOPOF

O N Roo :
R FLUE
3 4 I - o
" e
: — 2. STAGE e
: MR =

MR DELWERY RETURN

REGISTERS REGISTERS 3

s 5 HH ST e
____PRESSURE REVVEF DAMPE R i

: ﬁ STORAGE } [coumo\.l i

= T ESTAY, DIFF
_TSIN

N : ;

3 [SOLAFERN 2

o— ENERGY
montEn 4

-lL 1 ™) — PLENUM d

*— 3 - JOGPM -{z’\&:mucgf .

= _o__. D‘P‘T:'*“ _‘_ d = BURNER exeead FILTER
AUXITUIARY STORPGE  ToAT, 2 FURNAC \

WATER HEATER SEnsoR _%_ \Y) b

— Goo Crwm —e-D4 D1 ¢ O i

¥

¥

:.

B

'

|

STORAGE THROUGH HEAT EXCHANGER.
ALVLXILI\ARY FURNACE BURNER! OFF.

Figure 1, Operating Modes, continued
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P.O.Box M
536 MacArthur Boulevard
Bourne Mnud’mu(u 02532
Tel. ,{5{" 5637

710-391- ll?l FERNENG BUZE

COVLECTOR T'STAT,
2!3;“:“11&\. T'STAT, *

- NRHEATING
A [SOLAFERN

OLLECTYOR
{ON ROO ¥
FLUE
-1 -
‘2. STAGE : .
e ROOM T'STAT. 5
MR '
NR DELWVERY RETURN
s REGISTERS REGISTERS
B -1 H —- IR I ST
38 | PRESSURE RELIEF DAMPER J r
2 " ¥ E 2 =
&8 ‘ STORAGE CONTROL] A
: T'STAT,. DIFF.
ES- ST STAT, : Y
- A
1 TRODSLET Y
'. : e W (80 PLENUM
o {Enwcrﬂ' F Y
o) 3 = : : S @_ eacsad FILTER
3 E Auxmmzv . S1ORMGE 1‘-’,‘,’;{% og (’a : F%ﬁ»‘?,:; i =
E WATER HFATER SENSOR Sg % 10060
| ? D D'j CFM
| MODE. 4: HEATING CONVENTIONALLY.
B - THERMOSTATS! STAGES | & 2 OF ROOM THERMOSTAT CLOSED.
x COLLECTOR. THERMOSTATT OPEN.
DIFFERENTIAL. THERMOSTAT OPEN.

: | STORAGE THERMOSTAT OPEN.
1FAN S FURNACE FAN ON.
: ET™WM FAN OFF.
DAMPER S: DI-CLOSED
D2 -0OPEN
: | D3-0PEN
D4-CLOSED -
] C\RCULATORS: OFF.

AUYILIARY FURNACE BURNER: ON. = 5

NOTE] THIS MOPE ALSO PERTAINS TO!

BACKUP SYSTEM OPERK—T\ON
Figure 1, Operating Modes, continued 1-6
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(a.p) Solafern, Lid %

CO\LLECT OR T'STAT.
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[ COLLECTOR
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MODE 5! DOMESTIC HOT WATER OPERATION.
: SOLAR PREHEAT OCCURS DURING STORAGE - -
MODES DA O0R 3B. :
WHEN THERE 1S ADUHW DRAW!?
CIRCLOIATORS = NO CHRHANGE.;
FANS- NO CHANGE,,
AUXILIARY HEATER BOOSTS TEMPERATURE OF
PREHEATED SITORACSE. WATER AS REQUVLIRED,
(
Figure 1, Operating Modes, continued 1-7
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COLLECTOR T'STAT. P.O.Box M .
: = 36M cJ\nh r Boulevard
DIFFEREMTIAL 1'STAT, - .  Sodue ..;‘.'dwmu 02532

Fmedt 3 - ' el v 5
HEAT REJECTION Y TWX 710391 nn FERNENG BUZE|

NR HEATING
SOLAFERW °
COLLECTOR
ON ROO¥

— 2. STAGE
ROOM) T'STAT.

MR
AR DELWERY RETURN
REGISTERS REGISTERS

A R
PR%SURE RELIEF DAMPER " ] f

' []3ToRRGE conTrRoL]
T*STAY. DIFF.
. - T STAT,
N

. ormind : d
3 soLI\F:RN
0

PLENUM

3 :
P : B=
: . ‘ m".-l : - oo FILTER | ‘,
AUXITUIARY 9101:\(.& TSIAT,

WATER HEATER SENTOR

* O

MODE. 6. STAGNATION

ETM EAN ! OFF
AUXILIARY FAN ° OFF
CIRCILATORS : OFF

Figure 1, Operating Mode, continued




Mode 3: Storage of Solo.f Energy For Later Use. gglggqo?!liqvaGE IS

i

Mode 4 : Heating of Air Used For Space Heating By The Auxiliary Furnace.

Mode 5: Heating of Domestic Hot Water.

e

MOMEESHED VSR VIS S S Tt

‘ Mode 6: Stagnation. == : s A
4’ ANl modes are automatically controlied by thermostats: = :
a
; 1) Two-Slc.Jge Room Thermostat
; ‘ ; e The first 's!oge calls‘.for space heating by solar heated air either
~i 2 directly or from storage. The second stoge controls the space heating by .-; 1
§ the auxiliary furnace. £
é : 2) Collector Thermostat :
;E The collector thermostat enables Mode 1 to function when the ; j
i : collector is sufficiently warm, " ;:
' (" 3) Slomge Thermostat :;
The storoge lh_ermosiat enables Mode 2 to function when the : ; i
: s!.oroge is sufficiently warm, but the collector is not warm. *
: o
4) Differential Thermostat ﬂ
|\
The differential thermostat enables Mode 3 to function when %
£3
the collector is sufficiently warmer than storage. "
The control system selects the operating mode os shown in Figure 2. Mode 5 can
o ambrtice: v - gpETGLS anyﬁmé, drawing heated water from sfordge and furthur increasing ‘ﬂ\e;::‘:._; %
water temperature by the auxiliary heater as required. zi
) = When there is no demand for heat and the storoge temperature increases, a pre-set
l temperature limiting thermostat shuts down the operation. The system is re-set
,ii \:‘ auvtomatically when a aemond lowers storage temperature. . :
4
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-
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- - S5 | Tt BT -
Collector j

- Mode 1

Room TSTAT Stoge 2 Open TSTAT Clos 1

Stoge 1 Closed =

b - Stage 2 Closed Collector '°c""9:d o

. TSTAT Open ‘ oS
——
= . Mode 4
Room TSTAT
Stage 1 Open ' - e .
I : | roirrerennal =
\]_rsrAr Closed Mode 3

Al

» “Mode 1 - Space Heating Direct By Solar ' A e
Mode 2 - Space Heating Via Stored Energy
Mode 3 - Storage Of Solar Energy
Mods & - Auidlioey Haotlog.

Mode 5 = Domestic hot water consumption ~ not shown above.

FIGURE 2 OPERATING MODE SELECTION
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~ "erystal" clear tempered 7/32-inches thick glass is used. The glass is sized to with-

tivity and low emissivity, The absorber is textured to enhance the heat transfer

‘resistance and smaller thermal capacitance than would result with steel. The collector

- comply with The National Fire Protection Association Standards. A soft silicone rubber

..~ The collectors are installed in- continuous rows of 2 to & panels bolted together. in series. _ ..

" A "starter" panel designaied Type A contains the inlet and outlet connections; the B

The system s designed to tolerate a no-flow temperature condition indefinitely. By

virtue of the air-hcating collectors there are no soldered joints in the collectors. The

callettor specifications are shown in Figure 3. . . :

ORIGINAL PAGE 18
" OF POOR QUALITY

The collectors are a two-pass air heating type, with a single glass cover. Low lron

stand winds of 140 mph. The absorber consists of a black chrome selective coating

electroplated to a textured copper sheet; the selective coating has a high solar absorp-

between the absorber and the heated air and provides improved efficiency.

The enclosure and ducts are_of aluminum construction for light weight, corrosion

is completely insulated with high temperature fiberglass and isocyanurate materials

that have been selected through testing to insure minimum outgassing effects and to’
gasket is provided around the glass to make it weather tight and to allow for thermal

cycling effects. The collector performance is shown in Figure 4; performance is based

on testing conducted in accordance with the ASHRAE Test Standard 93.

Type panel is used to make-up the length of a row and the C Type panel is used to

complete a row. All panels have the same external appearance, differing internally, ™

L3 Rt o= TR A,l. o vy T R g ile
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SOLAFERN- 30 SoLAR COLLECTOR

SPECIFICATIONS!

e SIZE: 9T.41"%K S1.88" X9.9"
WEIGHT: 190LBS.

COVER: LOW-IRON TEMPERED
GLASS, :

EFFECTIVE AREA. 30 SQ.FT.

HOUSING : ALUMINUM,
HEAT TRANSFER FLUID! AIR,

MOUNTING: ROOF,WALL OR
GRADE MOUNTED
WITH CONTINUOUS
EXTERNAL FLANGES.

MANIFOLDING!: COLLECTORS
MOUNT END TO END
WITH SIMPLE EXTERNAL
FLANGE S« :

COLLECTOR TYPES!
‘A -CONTAINS \NLET & DISCHARGE

DUCTING.
ﬁ‘ E ‘B’ -CONTAINS THRU FLOW'
: DUCTING.
‘C'-CONTAINS RETURN FLOW
~EXTRUDED ALUMINUM DUCTING.

——— 51.88 —— >~

INLET € DISCHARGE ARDUCTS,
— ALUMINUN
SINGLE. PENETRATION FOR | TR IS £ e eiE L BAGRIRE

WALL OR ROOF 2 INTERNAL
FIBERGLASS
\ =
e WO -PASS AVR DUCT

LR AWN

POL.3 . SOLAFERN-30 —~- [’3&
1-Y2

SOLAFERN LTD. W‘ COLLECT OR. SPECIFICATIONS

BUZZARDS DAY, MASSACHUSETTS FIGURE 3
U.SA. 8-3-17 vwona7?4 55-00\
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COLLECTOR EFFICIENCY

09l 2

e e
R

8

-
¥

_—CALCULATED

§

TEST OATAL
PER ASHRAE ©9323
TEsS?r ST'H,

COLLECTOR EFFICIENCY

>
o

-

T= TovrLer+ TINLET
: 2 _
Ta = AMBIENT TEMPERATURE

T = INSOLATION,, ETO/FT*-HR
BASED ON OPEN GLASD AREN

: T‘—To./I

AN

PL : _
-~ FERN - ENGINEERING «~ j+» -~ I'COLLECTOR EFFICIENCY [ﬂ] J

BUIZARDS BAY, MASSACHUSETTS T FIGURE 4
U.S.A. cle|11|omana \98-90-00L | 1-13
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Azimuth : _ ORIGINAL PAGE IS
OF -POOR QUALITY

-.Tl'be collectors should face southwards as shown in Figure 5. The use of a com-~
poss indicates magnetic no&h (and south), o.nd a correction is needed to locate
true south. A surveyors p.lot p|an'wil| have true north indicated. if it is im~
practical to foce the collectors southward, @ small difference between the col-

- lector azimuth and true south has @ minor effect on the energy that can be col-
lected, as shown in Figure 6. A 45 degree difference between the azimuth and
true south will reduce the collected energy by about 30%. Because of the in-
crease in the temperature of the stored solar enérgy auring the day, a westerly
ozi.mulh tends to be preferable to an easterly azimuth; however, local climatic

conditions may be more optimal in the morning than in the afternoon, in which

case, an easterly azimuth would be superior.

Selection of the collector tilt angle (shown i-n Figure 7 ) is based on consideration
- of cost factors and collection efficiency. The collection efficiency is primarily

dependent on the availability of solar insolation, which in turn is dependen‘f on

fhe' tilt angle. Aligning the collector so its surface is normal to the sun's rays

at any one time, maximizes the solar insolation available to the collector at

that time. Du;'ing IFe year, however; the relative position of the sun changes

so that the sun's rays are inclined with respect to the collector and the full po-

tential of the available insolation cannot be realized.
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Nevertheless, an optimum can be selected so that dur?r;g the ycar an optimum amount

- can be collected.  The calculated results shown in Figure 7 illustrate the effect of

tilt on the solar insolation available to the collector. Different optimum tilts arise -
depending on the primary use of the collector; for space heating, the optimum tilt
is approximately equal to the local latitude, plus 15 degrees, whereas when the use

-is primarily for heating hot water, the optimum tilt is approximately equﬁl to the

latitude plus 5 degrees. : ORIGINAL PAGE IS .
OF POOR QUALITY

The optimum tilt is also dependent on climatic conditions, and system design details.

...Weather data on the monthly percentages of solar insolation available allowing for

cloudiness can be used to refine the results given in Figure 7. Sysfem influences on
the optimum tilt are varied and involve the demand profile, storage capacity and
method of control. In spite of all the complicated factors relating system performance
to tilt angle, experience has shown that the simple guideline of latitude 5 degrees for

space and DHW heating represents a practical choice for the tilt angle.

Cost factors enter in retrofit situations and departures from the optimum tilt and .
azimuth that will reduce the collected energy may be acceptable because the

collector attachment to a roof can have a substantial cost impact.

Shading

Shading of the collector will result in a direct loss of solar energy collection otherwise
possible. Critical shading angles tend to occur at the winter solstice, December 21,
when the sun elevation above the horizon is lowest. The angle between the sun and
the local horizontal (ground) at noo'n on December 21 is called the almude and is:

Winter Solstice Noon Altitude = 66.5 - latitude, (in degrees).




-

-

For example, if your latitude is 42 degrees, the altitude is 24.5 degrees and a

typical shading situation is shown in Figure 8. During the winter solstice,

the sun is southeast of the collector at 9 am and southwest of the collector at 3 pm

“ "+ and the altitude at these times is about one-half the altitude at noon. . If a
shading problem is suspected, a plot plan, south, east and west elevation sketches

' of the site should be studied to ensure a minimal amount of shading.

At the summer solstice, June 21, the sun is high in the sky and the noon altitude -

is ; Summer Solstice Noon Altitude = 113.5 - latitude (in degrees ).

For example, if your latitude is 42 degrees, the noon altitude is 71.5 degrees

and a potential shading situation is shown in Figure 9 .

Duct Runs

The length of duct runs should be minimized to avoid excessive thermal losses

“and installation costs. The flow rate through the duct should not exceed 600 FPM. =

Insulating this duct with 4 inches of fiberglass is recommended.

" "An odditional factor is the-gage and choice of duct material. The minimym gage

required should be used. When the collector is started, the cold ducts absort

heat so when the collector is shut off the heat stored is lost , so it is important

T T ey ————

to use minimum acceptable goges.

e

The use of aluminum ducting would reduce the duct loss by 40% and is recommended
when the benefit con be derived of a reasoncble cost. On cloudy days, the.ducts
~ are repeatedly heated and cooled and the importance of minimizing the overall duct

weight is even more pronounced.
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The number of elbows should be minimized 1o avoid excessive pressure drops.,

Mitered elbows should not be used unless turning vanes are provided. Full

radius elbows are recommended. The pressure drop per 100 ft of duct is .05

inches of water. For each élbow the loss is . 006 inches of water.

Duct temperatures will not exceed 250°F in continvous operation. Duct joints

should be joined with rivets or sheet metal screws so that the joint integrity

will be maintained during thermal expansions and controctions.

Pressure Drops

Collectors

Co"ecﬁoﬁ Inlet
Collector Outlet
Straight Duct
Full Redius |
Duct Elbows
ETM Mode. 1

. Mode 2

Mode 3

.15 inches of water @ 5 Collectors in series, 300 CFM, 60 SCFM/
Collector ( 2SCFM/Ft‘2: )

.02 inches of water @ 400 FPM inlet

.02 in’chgs of water @ 600 FPM outlet

.05 inches of water Per 100 Ft. @ 600 FPM

-, 006 inches of water Per Elbow @ 600 FPM
.35 inches of water @ 600 SCFM
.22 inches of water @ 600 SCFM

.48 inches of water @ 600 SCFM

2
Note: Ftc = Collector Area, th

INSTALLATION ARRANGEMENTS

Various retrofit or new installation arrangements are shown in Figure 10,
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ROOF INSTALLATIONS

Three types of roof installations are shown in Figure n.

Solafern can supply all the accessory hardware cited in Figure 11, -

INSTALLATION SEQUENCE

The four step sequence of installation is shown in Figure 12,

The length of collector run should be selected to avoid roof overhangs;
and generally located to achieve an architecturally pleasing appearance
and/or to avoid shading.  Specifically, the inlet and outlet collars
located on 16" centers should span a rafter so the penetrations required
do not interfere with a rafter. The center line between the inlet and

outlet is 18 inches from the end of the Collector.

The first bracket should be located on the first rafter
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outboard to the outlet connection. The bracket locations should be selected to

provide at least two per collector. The brackets are to be lagged 1o the rafters
with at least 4-1/4" x 3" log screws. The foot of the bracket should be pre-

coated with roofing cement, the lag bolts overcoated with roofing cément and

BRR e PRI T ATy

the edges of the bracket filleted with roofing cement. . Additional precautions

shall be taken as required to ensure that there will be no water penetration into

the dwelling..

A weather-tight roof curbing for the duct penetration through the roof must be

provided. " This enclosure must be flashed to the roof and cemented to prohibit

water penetration.

The collectors can be raised to roof via a sling as shown in Figure 12. [f a simple
~ hoisting sling is used, each leg should be 8 feet and an anchor type hook used -
to connect the 3/4" hoisting holes located in the collector flanges. If a close

hookup is desired, the use of an 8 foot strong-back with short cables and anchor

PR D S 5 T N T St T o T L e e e o e T

hooks can be used. The attachment brackets are provided with Clips at the

RS

lower ends. Lowering the collector mounting edge into the clip  and ro-
tating the collector until it is flat allows the collector to be slid up to the ad-
jocent collector for mating. Lubricating the clip eliminates galling while
sliding the collector. After the collectors have been mated, the flanges bolted

and sealed, the collectors are bolted to the brackets on both the upper and

lower mounting flanges. | : ORIGINAL PAGE IS
OF POOR QUALITY

All the collectors in a row can be brought to the roof and coptured via 2 Clips

each.
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With all the collectors raised to the roof, the assembly of the joints is begun.
The "A" collector is bolted to the supports. Before butting the "B' and "A"

collector bases together, a liquid gasket such as Dow Corning 781 is applied.

Foam tape, 1/8" x 1" with adhesive on two sides is installed on the lower

edge of each mating face. The collectors are slid together, engaging the ducts and

butting the flanges.

A flexible sealant such as DC 781 s used to caulk the flange joint as required.

If two "B" collectors are being used, attaching the 2nd "B" collector to the first

is done identically as described above.

Closing the "C" collector is done in the same manner as @ "B" collector. Use

flexible sealant as required to weatherproof the joint. et teed e

The joint between collectors should be flashed by folding a strip of alluminum

foil with adhesive backing over the joint prior to bolting. N

A 1/2" thin-wall box wrench is recommended for tightening the bolted flanges.

Weep holes are recommended to be located at each corner of the lowest edge of

each collector, and are nominally 1/8" diameter.
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.A typical ETM installation is shown in Figure 13, The ETM is located to minimize
duct runs and to interface co.nven!enﬂy with the warm air furnace. The ETM is
shipped in two pars; the blower and motor assembly and the flow control assem=
bly. The flow control assem.bly is 31" x 29;' x 46" high, and contains 2 damper
motors, 4 dampers, connecting ducting, and the heat exchanger. The blower -
and motor assembly is 22" x 17" and 22" high. The blower and motor assembly
has @ weather cover, which can be removed to check and adjust the drive belt,

motor and sheaves.

ETM Mounting

The two .ossemblies should be uncrated, inspected for damage and located fn the
approximate area where the ETM is intended to be placed. The two assemblies
‘are joined by sliding the blov;er assembly into place so that the rectangular dis-
charge duct and round inlet ducts line up. The discharge connection is an over-
lapping sheet metal fit which can be joined by either lifting the flow control
assembly and lowering it on to the blower discharge, or by folding out one side

of the mating ETM duct and refolding once the blower is in place. The dis-

charge connection is finished with a flexible sealant as DC 781 and/or fastening.

with sheet metal screws.. The round duct connection is made with the drawband

provided.

The foundation support for the ETM assembly should be as rigid as possible.
Both assemblies should be fastened down to the foundation. The base should

be shimmed if the foundation is uneven to avoid distorfing the supporting frame.

3-1
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ETM Duct Connect.iom ORIGINAL PAGE IS
| = OF POOR QUALITY
Th._e ETM inlet air duct carrying the house return air has an 8" x 16" connection,
t;sfng‘df?ve cleats on lhe‘ short side and "S" cleals on the long side. The ETM
discharge oit duct corrying air to the.cc_b"eclof has an 8" x 16" connection usf'ng
drive cleats on the sh'od side and "S" cleats on the long side. A plenum is
mounted obove the heai exchanger. A plenum detail is shown in Figure 13,
The h.cight of the plenum is dependent on the heod 1oom available and so the
plenum is n;t supplied. The plenum has an inlet cc;nnecﬂon carrying air from
the collector and an outlet connection carrying air to the main distribution
trunk; these connections should not be on the same side of the plenum, but can

be either on opposite or odjocent sides. The duct connections to the ETM should

avoid mitered 90° joints whenever possible.

ETM Piping Connections

The heat exchanger connections are 1/2" F,P.T. There are two circuits which
are to be connected in parallel using 3/4" piping. A temperature and pressure
relief valve should be installed between the heat exchanger and ony shut-off

valve with a vent pipe conforming to local codes. Unions and gate valves should

be locoted for convenient installation. A dirt leg should be provided for occasional

mainlenonce,

ETM Insulation

After the ETM is installed, it must be insulated with at least 4 inches of fiber=
é'oss insulation rated to 250° F. Board type insulations ore recommended in the
vicinity of the domper linkoges; the domper motors are 1o be left exposed. The

blower bearings and motor are 1o be protected by insulating the baffle seporoting

RIS SV
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the blower and motor enclosures. i
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,Ti\e electrical schematic is shown in Figure 14. A conlrol enclosure is provided

containing all the additional relays necessary to accommodate the solar system

operating modes and furnace interfaces. The state of each damper is:

Mode D1 D2 D3 D4 : 2
1. Direct solar heating open closed | closed ~ open :
e 2, Heating by. stored er.;ergy open closed open closed
3. Energy storoge closed open closed open

The thermostat settings are:

Room Thermostat Adjustable

Collector TSTAT Close on use to 100°F, ooen on fall to 90°F.
Storage TSTAT Close on rise to 100°F, ooen on fall to 90°F. '
Diff. TSTAT Open on rise to 180°F, close on fall to 170°F.

Close on DT + 20°F, open on DT= + 10°F,

Furnace Discharge =
TSTAT Opens on rise to 110°F, closes on fall to 90°F.

Auxiliary Furnace Interfaces

The interfaces between the auxiliary furnace and the solar system are:
1) Separate circuit breakers and emergency shut-offs.
2) st stage of room thermostat powered by 24 V ETM transformer.
3) 2nd stage of room thermostat powered by 24 V furnace transformer.
4) Activation of stoge 2 of the room thermostat starts the furnoce

burner via the burner relay control.
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5) Furnace discharge TSTAT og;cns on rise inhibiting Modes 1
onci 2 5o that simullonco;:s solar and 'UInt;ce spoce heating
cannot occur; this s done to avoid excessive delivery
lei.nperolures.

6) Activation c'>l' stage 1 of the room thermostat in Mode 1, the
direct solar space heating rr;ode, causes both the furnace and
collector fans to start. The furnace fan switch is in parallel

with a relay in the ETM so it is powered in Mode 1 and Mode 2.

Space Heating Control Logic

¥ 0 A AR

Whenever there is a demand for space heating, priority is given to using

available solar energy first; if the available solar energy cannot sustain the - :;:
demand then the auxiliary furnace burner is started. Solar energy can be ?7
delivered either directly, or from thermal energy. Relays control the solar : ‘i—
energy supply in the following way: 3
: e
1) Priority is given to direct s’poce heating by solar, so if stage 1 "
of the room thermostat closes, and if the collector thermostat is

closed, then the solar and furnace fans are powered. Dampers

divert building air to collector.

2) If stog.e 1 of the room thermostat is closed, the collector thermo-
stat is open, and the storoge thermostat i.s closed, then the solar
and furnace fans c;re powered. Dampers divert building air to
heat exchangers.

4 3) If stage 1 of the room thermostat closes and both the collector
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and slorage thermostat are closed, preference is given to the
direct heating mode by locking out the storage delivery mode.
4) If neither the collector or storage thermostals are closed, no
solar heat will be delivered and as the room iemp:erafure falls,
stage 2 of the room thermostat is closed starting the furnace

burner.

Circulator Control Logie : -

Two circulator pumps are used to circulate water bi—c’ifectiomlly between the

KAl M TR e

storage tanks and the heat exchanger. When stage 1 of the room thermostat is
closed, the collector thermostat is open and the storage thermostat is closed,

then the stored solar energy is used to supply space heating. A circulator is

SNBSS T PR

started to circulate water from the upper level of the tanks (to take account of

i

§

stratification) to the heat exchanger. -

; A circulator is required to reverse the flow when heat is stored. The differen=
tial thermostat controls the storage mode in that collector air temperature must
be at least 20°F above the storage temperature to enable the storage mode to

start.

Flectrical Connections

B A B I D R IR D

e
A

The electrical connections are shown in Figure 15.

o
"

1. ETM

The ETM requires 120 V ac for the blower and the two damper motors. The ETM

B s R ST e R
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frame must be grounded. Conduit must be used to connect the ETM to the control
panél as shown in Figure 15. The terminal board connectors are labelled inside the
controller enclosure. The blower and damper rotations must be verified. The 120 V =

blower connection is TBZ.-8; the inlet damper motor 120 V connection is TB2-6; the

outlet damper motor 120 V connection is T82-7. The ETM neutral connection is

1829,

2, Two-stage Thermostat

. Disconnect the present thermostat and install the two-stage thermostat, . Stage 2

is connected to the furnace oil burner control exactly in the same way as the
single stage thermostat. Stage 1 is connected fo terminals TB-1 and T81-2
located in the electrical enclosure.

3. Collector Thermostat

The collector sensor assembly shown in Figure 16 consists of the colleétor thermo =
stat, a differential thermostat thermistor and a weather-tight enclosure. The

sensor assembly is installed at the three—quarter point of the collector slant height

- in an "A" type collector. The collector thermostat is a hermetically sealed, high

quality, snap acting thermostat, with a high temperature rating. The thermistor
has a copper housing with a hole punched in it for direct attachment.. The sensors
are located in the o%r stream behind the absorber just upsfream of the final return
bend prior to discharge from the collector. The location of the sensor allows for

temperature stratification prior to start-up and causes all control functions to be

based on the discharge temperature of the air from the collector.

The collector thermostat is connected to terminals T81-3 and 1814 in the elec-"
trical enclosure.

4"6 »-f
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4. Storage Thermostat

The storage thermostat is installed at one storage tank as shown in the piping

diggram. It is to be connected between points TB1-5 and T81-6,

5. Differential Thermostat =
Probes for differential thermostat are located at the top of one storage tank and

at one type "A" collector. The bolt-on probe in the collector is to be connected
to the differential controller. The immersion sensor on the storage tank is fo be :

connected to the differential controller. The differential thermostat power con=

nectio=s are shown in Figure 15.

6. Circulator Pumps

Interface with the circulator pumps is accomplished by connecting the pump

molor witres as follows: TB2-2 is common; T1B2-1 for mode 2 circulator; TB2-3 for

mode 3 circulator.

7. Furnace

Interface with furnace is accomplished by connecting stage 2 of the room
thermostat to the furnace thermostat connections. A furnace discharge thermo-

stat is installed in the discharge duct and connected to TB1-7 and TB1-8.

8. Power Supply Branch Circuit

Power supply branch circuit connection may be made to the same "side” of
circuit as furnace branch circuit if convenient. Provide a chassis ground.
Connect AC neutral to TB2-13 and line, 120 V 60 cps to TB2-14. The line

current should be run throug"; an EMERGENCY shut-off, which should be

located adjocent to furnace emergency shut-off. The circuit for the solar

heating system should carry a 15 amp circuit breaker.
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5. PIPING : OF POOR QUALITY

A typical piping schematic is shown in Figure 17. The storage tanks should be

located convenient to the ETM. The following equipment is to be installed:

1) .'.SRofog_e tanks, as required (1.5 gc:ll/ft2 collector ), connect
in parallel so DHW draw is from top.

2) Two centrifugal circulators, storage mode draws from bottom;
heating mode draws from top.

: \
Presswe/iemperoture relief valves for ETM heat exchanger to

prevent damage if gate valves left closed. *~ =
Vacuum relief valves to prevent cross-connections..
Expansion tank, pre-pressurized to 40 PSI; 100 PSI limit.

6) Pressure regulator to 40 PSI if municipal supply pressure is
higher.

7) A bockflow preventer to avoid heating cold water and/or
losing stored energy.

8) A mixing valve fo prevent over temperature on DHW.

9) Gate valves to isolate components for convenient maintenance.

10) Provide a bypass to the DHW heater for maintenance of the

- e Gy : ifeicapii o e R, g e w i giaiehe o ot
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storage system.

The connections between tanks and other fixed end points must allow for ther-

bt el

mal expansion. The tanks are insulated with an R= 15batt on the sides and

‘top; no additional insulation is used on the bottom, relying on the insulative

~'Y".73;’['k e

qualities of the water to limit the heat loss. The piping and fittings must be -
insulated with 3/4" thick sleeve-type insulation. The air ducting should be

ek R SR

insulated with at least 4-inches of fiberglass insulation rated to 250° F.
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- EQUIPMENT REQURED - %‘;‘m QUALITY

SOLAFERN ETM - Model 600: Includes blower, blower motor,
heat exchanger, 4-dampers, 2-damper motors,

One required for nominal flow rate of 600 CFM,

SOLAFERN CONTROL PANEL: Includes 24 V transformer, protection
fuses, differential TSTAT, circuits, control re-
lay bank prewired, test switches. One required

per system,

SOLAFERN SOLAR COLLECTOR TYPE A: Collector used to start a row,
includes inlet and outlet duct attachment collars,
end plate and internal flow baffles. One required

Pef TOW .

SOLAFERN SOLAR COLLECTOR TYPE B: Interconnecting collectors within

a row, open ends, as required by row length.

SOLAFERN SOLAR COLLECTOR TYPE C: Collector used to terminate a

row, includes internal flow baffle and end plate.

SOLAFERN COLLECTOR SENSOR PACKAGE: Assembly of oll weather
electrical box, collector insertion probe with
thermostat and differential sensor attached.

One required per system.
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CIRCULATOR PUMP;

EXPANSION TANK:

- MIXING VALVE:

AIR VENT:

PRESSURE RELIEF VALVE:
CHECK VALVE:

VACUUM BREAK:

PRESSURE REDUCER:

6 GPM @ 8 ft. head integral pump assembly.

Size to accept expansion over temperature range
50° F to 180° F and operating pressure 40 to 80
PSI. Pressurized bladder-type approved for DHW,

Relief valve setting 100 PSI. Supplied as either

. Vor 2 tanks depending on storage size. AMTROL

type ST EXTROL or equal.

Bronze body, temperature range 110° - 170° F,
rating 6 GPM, 1/2" sweat fittings, AMTROL

‘Modcl 420 or equal.

Pressure range 0-100 PSI, fast venting positive
shut-off AMTROL Model 701 or equal. Vertical

mount at system high point.
Set for 100 PSI.
Brass, 1" NPT, TEEL 2 x 612 or equal.

One per tank to avoid cross-contamination;
allows for draining of tanks.
Drops cold water supply pressure to 40 PSI, no

bypass. Used to maintain pressure control be-

tween 40-80 PSI allowing for expansion.

T il Ak ke i TR s -
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~. vowaewe =~ COLLECTOR BOLTING. HARDWARE: Scven 5/16" diometer 18 THD 7/8" . . .

i BATTENS:

MOUNTING BRACKETS:

STORAGE THERMOSTAT:

STORAGE TANKS:

CINSTALLATION CLIPS:

-

Ig. stainless bolts per joint.

Optional, to assist installation and to clamp

collectors. Four required per collector.

Optional for collector - roof type installations,

Optional, custom made to order for roof or

ground mounting.

Snap octing thermostat set to close on rise to
100° F and open on fall to 90° F; hermetically

sealed to strap on storage outlet piping.

120 gallon approved for DHW; SEPCO CS -

120-N or equal.

ORIGINAL PAGE IS
OF POOR QUALITY
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((]OD) Solafern, Ltd. COMPONENT_ORDER_FORM _

- —

STOMER; . gag'm cA &' Boulevard
: . 2 . : z oum: M'aurc“hu‘::t::B'Zﬂl

e e el AR

-ADDRESS;_ S ‘ - . R'Sx“;‘lgz?st 1777 FERNENG BUZI
JoB NO, . ‘ - : :
__DALEL » . - -. . G : » -
Fjory] - ey = aarr ae = -
COILECTORS TYPE "A" 198-55-A 001
COIWECTORS - TYPE "B - | 198-55-8 001
COLLECTORS TYPE "C* 198-55-C_001
|COWECTOR MOUNTING CLIP_ |  198-55-F 029-1
~|coLLecTOR MOUNTING CLIP 198-55-F 029-2
_ |COWECTOR "~ MOUNTING BATIEN |’ 198-55-F 030 =
___ |COLLECTOR MOUNTING FIASHING | 198-55-F 031
~ |ROOF CURBING (Roof pitch same as Collector tilt) 198-55-D 018
_ |ROOF CURBING (20° Roof slant). 198-55-D 020 .
|, |controL panEL 198-55-G 007 =
4| JE.T.M. ASSEMBLY __198-55-G_004
COILECTOR SENSORS ASSEMBLY 198-55-F 019
~ |STORAGE THERMOSTAT . = | ewmwoob 198-30-D 001-2,
|| |DIFFERENTIAL THERMOSTAT = DELTA-T _MODEL 400 (Modified)
1] |FURNACE THERMOSTAT - HONEYWELL L 4064 -B 1469
||  |CIRCULATOR PUMP W/ 1" DIA. FLANGES - GRAINGER 1P -903 & 8X489
bH . [|2-STAGE THERMOSTAT/WBASE . . . ... HONEYWELL 872-F-1019/Q672-C-1003
2 STORAGE TANK (120 gals.) * SEPCO C1205- 0
i 1
| l—
§ INSTALLATION HARDWARE

.~} POLYURETHANE FOAM .TAPE (Flange Gasket Tape) .{.. 3M TYPE. 4008. 1" Wide X 1/8" Thick . .
BOLTS, HEX HEAD S/S W Nuts (Collector
joining) : 5/16 - 18 ﬂ\d.___x 3/4 long
COLLECTOR BATTEN TAPE 3M PRODUCT 1202-T - 1/3 Thick
BATTEN MOUNTING HARDWARE:- - ~ - ~....- | TEKS; 6 of MB/w, 8 of PLYMETAL




7. PHYSICAL .DATA

Collector

Type:
Dimensions:

Weight:

Cover System:

Absorber Plate:
Insulation:
Flow Rate:
Frame:

Installation:

Storoge

Type:
Capacity:
Dimensions:
Insulation:
Weight:
Rating:

Expansion:

ORIGINAL PAGE 18
OF POOR QU
Two-pass air heating.
51.88in. x 97.411n. x 10.12in.
197 Ibs,
1 sheet 7/32 inch Tempered Low lron 'Crystal” Glass,
Silicone "U" gasket, weep holes, dessicant, insulated.
Black chrome, selective coating on textured copper foil.
Non-combustible, fiberglass selected for minimal outgassing.
2 scfm/sq. ft. collector, nominal.
Aluminum, removable cover.

Gang to form continuous rows, bolted joints.

Pressurized, potable hot water tanks.

120 gal. modules, 1-to-2 gal/sq. ft. collector.
28 in. diameter x 62 in. high. -

R=30
5500 Ibs. each, empty: 1550 Ibs. full.

Tested to 300 psi; oPerol‘?oﬁd to 80 psi.

Expansion tank with bladder, operating range 40-80 psi.

1988
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Auxiliary Heating § ; .
Type: * : Any warm air furnace or water-to-air heat pump. : a5
oo Outputs : S?ied for design lood. St
Domestic Hot Water
'l.'ype: Draw preheated water from storage/any auxiliary type
svitable,
Output: Sized for needs.
- Safety: Tempering valve. - e == :
Controls '
lLogic: Based on temperatures and temperature differences.
: Sensor Types: Two-stage room thermostat -first stage closes at settable

temperature. Second stage closes at 3°F (adjustable)

below set temperature.

o
Collector thermostat = Closes on rise to 100 F.
o
o == - Opens on fall to 90 F.
o
e T Storage Thermostat =~ Closes on rise to 100 F. = -
o

Opens on fall to 90 F.

Differential Controller-Closes on collector to storage difference

o . =9 o

o
) : rise to +20 F.
- Opens on collector to storage difference
fall to +10°.F.
o
-Opens on storage rise to 180 F,
regardless of obove.

.

: o
~ -Resets on storage fall to 170 F.

7-2
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8. SELECTION PROCEDURE : OF POOR QUALITY
The f - chart method described in "HUD Intermediate Minimum Property Standards
Supéletpem", 1977 Edition, (HUD Doc. 4930.2) for‘So'ot H.ecﬂng and Domestic
Hot Water S.ystems is !n.wide's'preoc! use, Sufficient climatic information is con=
tained in the HUD 4930.2 document to evaluate the effects of insulation, collector
;  size u'n‘d storage size. An example calculation is presented in the following work~

sheets for an installation in Lonsing, Michigan.

The f-chart method is applied to the Solafern, Ltd. air system with water storage,
by using the liquid system methodology described in 4930.2; all the necessary

system parameters are given in the esample calculation.
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VORKSHEET A PROJ!C‘I"DATA

PROJECT MAS E, Lansn M’CH{G&N

Locatfon Latitude = 42 "y’

Building But!ng and/or Hot Water !ou‘ .
Desfign Heat loss hu, q4 A‘t‘ : - - « 260 Btu/h SR
Winter Desfign Tenperututc (97 1/23), ¢, D%

Average Hot Water Consunption J0 &01/day
(nay vary on a vonthly basis)

Average Cold Vater Supply (main) Temp., t, 50 °r
(may vary on a wonthly basis)

Fot Water Supply Temp., tq ~ /90
Collector Subsystem Data

Collector Type: Setee 7ivE .

Selective or non-selective, no. cover plates
C ‘lector Area, Ag 240 “2
Tilt Angle : . : P S
Arimuth Angle & =2
Collector Shading (av. X month of Dec.) 0 X

Collector Efffciency Data : :
(from mquhcture): l'.(u)a . 6?

S | RN : .o 55 ltu,‘l“tz‘.f :

: t
Reference Tewp. Pasis: @ _in  “out

Fluid s
Composition: A 1R,
Specific Neat, Btu/1b+*F
Specific Cravity (if -ppl!cnblc) 1b/1b
Volumetric Flov Rate gal/win or (talnln
Storage Subsystem Data '
Volume 3 w@r f 3
Storage Medium \WATER .
Specific MNeat, < / Btu/lb**F
Specific Cravity/or Density ! 1b/1b or lbllt’

Circulation Loop Volumetric Flow Rate b r e /otn

Collector/Storage Heat Cxchange Effectivenens, = = £33
Hot Water Preheat Storage Volume SO &al
Load Subsystem Data

losd Heat Exchanger Effect{vencss, c¢p - 133

Supply Loop Volumetric Flov Rate ¢ - b gal/min

Building Afr Supply Volumetric Flow Rate - Jooo ﬂ’l-lu

A RS LT AV RS S AT R N o
} "




W rﬁ‘i
“ . VORRSHEET '3 YRACTION OF TOTAL HEATING LOAD SUPPLIED BY SOLAR DNEACY, Ypooual PROJECT : 5 l
! 1 2 i 3 4 5 : .8 '
i 2 Actual gy "
Tot. Mo. Systea Systes Solar Solar ¢
Mooth | Htg. Load | Parameter | Parsmeter | Fraction/ |© ea/mo '
A 0 D, mo., (A 4 :
; /0 2tu/mo. g1 . £ /03tu/mo. I""
3 Jas. 7.%3 i 2.1 ey {iaym ! : [F
1 ) Teb. [,.¢% L2 Il % L | 3.15” i ; [
Mareh I 4 /. i A 3 . :
T .52 01 L L Y.y ‘ ' : ‘
Aprid Y] 9 flell! 2. .7 ‘ 2.U0 . %% . . ’ “
1 j T . (o) . -
: . oy .00 el 0 o AR BRI - e TR Bl e e %E r
1 . \ s
S W AARY I 2.2/ A SRR T L.g2 2E i
] v A 2 7 MR 2T D o PR 25 I
- | . "o
Mg | s L4 3 o, LG ! s @2 LET | %6
; At : :
J Sept. 2230 2.9¢ S5 L. 93 2.08 p
U . im0 P SO R A0 2.7 B0 W e 40 oy i ;
1‘ | Hov. S. V7 My {3 3.7 : o U/ &~ 2107 i
| S (S P e A e ' j
; i i I S i
LtOt i 53 3 ’C’ i L ttot » 2?,8 ? 'Mlmd i Tgog - .5!)%8 illR. 56

le From Vorksheet D ! ! 29,
2., Prom Vorksheet C i

3, Troa ¥orkaheet C ' j il b
4, Prom "f chart" 3,87

‘ <
5. Eefxl 4‘ ; ..
1 ! i i .

:

¢
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u, - - i .
VOMKSHEET € SYSTDM PERFORMANCE PASAMETERS Dy, O, PROJECT
o  VAE e o e il | S o
| Tot. Monthily| Total l i ¥o. Av.; ' 'l'
| Radiation { '..tt.‘ | i i D., T‘-' "t"o Hre - | i
| Yonth 4'“ Tiie sﬂf‘.: Load ’ fQ". l 211.'. f in Vo, l !
L , o R S i s [ to | B o R WS :
‘ | Bo/to-1tT) pipdeslre. : : vt Al ol S O |
| i 1 H i 1 !
|de8. 1 25uLD ! 92.£2 | .po2el 71126 | ygb | 7 | ' -2 & :=2406iwen dess
Febo (3 /-yp L. 95 P SPOTE e B O U P 0 4 e o e S e fri(ﬁ)-'.blv.mm;r
'i.""‘"rwﬁé L £.852 | oppy §.0p laca 176 | e | 0 12 4 |90 =it &
'] 1 1 »
i”ru 7(¢O LT L opPs 1191 Fu@N 1 TLaki 1= / S B = | vorksheer C
| My (Y7260 ‘j,a’, R il.;j | 5¢.7 J_,z,} b BT Y,7 |B - = | vorksheet G
s \urtre | 2.09 | o922 1227 1763 | gy} " | 7 L7 xRy = 97 vorksheet ¢
T Ly 16D207 | 4.£b I S Al S 207 0 ol G I e G S0 Y A2 b.y |
“ N aose (g2 WE | 4l A 0o D0 B 008 U 0 L 71 O . T ST 0
LSt /0 QP [ n 20 |  oi@de 10 | 680 |0 |08 1 &0 § L ;
iove 13657 1 2. 03 | ool i en ez ljop | W RS 1
ottt Bt 120 4 AN WP "7 00 208 WOy /0 R 0 8 R 0 T Y G088 S
{ | -~ | i 4 ! | -
Idwey 11725 1 3 el LR 1200 1 ie 3] ey 00T ReR

l. From Worksheet E
2. 'm Vorksheer D

F; H it
by W 9‘0 Ac : (¥3) J‘ x B~ (D‘ "“ ) _. . .
mu: D) prod. = [Ag L1 (u) x K‘ e 2yo%. LI¥. 37242 i i :
&, Trom Sec. 5 Table A-d : :
5. l’u- Tablpg A-l& and Vorksheet c

1 i

[ A T3 UL (Rgeq = tg) b8 (1212 = t,) btime :

¢ °2 R L r:l © “Jllxllzlljo (D2 prod.) | : ]'g,- t
vhcuz D; prod. = (Ag 7‘ Vs xK e 240y.¥7 = 176 '
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»»  WORKSHEET D; REATING AND/OR DOMESTIC KOT WATER LOAD,L . PROJECT | 5
i . K - 2 3 % 8
b 1 2 3 5 5 g
- ! Monthly |Moathly | No. of | Vol. of | Temp. DHW | Monthly | Total i iy
Degree | Space Days/ DHW Water Temp. DHW Heating
Month Days |Htg Load|- Mo, | Used/Mo.Main Sup.  Rise Load oad
DD Qs N ta ty = ta Qv L
*F-days | Btu/Mo. | ° . Gal./¥o. °F ” Btu/Mo. | ptu/Mo. .
t MM BTU _ ‘1\' MELLIAETY) | g M Btu/h
Jo. )@y |547 |° 31 |ayco o i - i 8 d 783 Civen data or calculats from
Manual J or equivalent.
i /2 8 05 2B R U . e 3 D e 0 7 002 R 0 5.

e | $32 0eb P n Joucel g 1o fp lipl |6.Sm 1 RN R

" i e« 70 - -’ :
April AL 12.6T 1 3 lagso | 5 onp |/ LD 21/ 7 Where: t = 97 1/2 wvinter
N . design tempera“ure :
Ny 1327 \pon ' B lourdl we das L1Eb 13006 7rom ASHRAZ Fundamentals)
> ey _ . | I Table A-3, section 5 or
| E 0 5, A 0 11 -0 B R L T A knovn veather data.
: July - i , r / : 70° = indoor desi
b ' o 2vfolfo |og 180 |/.gb oo
k- Aug. 9] 0 Nn layrolSo0 | 4o 1.8b | /.5

. S 240 BrolheoF
Sept. jé N34 0 | 2400 | So 2p 1.£0: 1238 o ", it i

Oct. 353 P i 3 2080 ,50 2p /:f!o 13-43 i i
vov. |7271 3,91 30 |2upo|so f0. LSO 1549 P

%%

Lo [/0f7 Suy| 2 |oyc0|S0 |90 [186 |73 i : g%
: s

-7

=

1. Froa ASHRAE Systems, Climatic Atlas or Table A-3, section 5.

2. Qg = (PF) (28) (UA) (Degree Day) = & Xy x 240 x (Degree n.y).
Where: PF = 0.75 or more appropriate value,

3. (Vollday) (no. days/mo.)= }

4., May be constaat or may vary.

S+ Q= (vol. of vater) x 8.33 x 1 x (t. ta). !

6. Le Ql ’ o’ | .l

e 2.0 (81./day) (no. days/mo.) g
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VORKSWEET £ IOTAL MONTHLY SOLAR MADIATION AVAXM;Lll s i PRosZCT g
Iy U 2 p 3 4 5 6
n Extra= Ratio " Ratio Monthly Avg. : Tot. Moathly
I Borizontal terrestrial | Horizontal Horizontal | Daily Rad. No. of Days Radiation
Mooth | Insolation" | Insolation | to Extra=- “to Tilt  pa Tilt Surf.| 4n Month Tilt Surf,
e 3 ° terrestrial L T L] .5
Beu/(Day-fe2)| Btu/ (Day-fed] K, . Ezu/(nq-u!) - Beu/ (Mo « £22)
|
dor | gogfe] e llimes pes 10 2 |20460
<0 A ¢ AN 4 1 D Y 2 ‘ i’ ¥ 31248
ol tlangk. bopSh  (LF AN ] aue NG 1 e 4
WSl putE [ Jecst b ust JL.o! hote | . 27442
B L sugy L Ip L Lo
sl 0. P Y S B el % | ypg10
. | 1 Ll
il O 8 00 A B L0~ O Wt L29 A | 5p£0G
Mee | spa7 e (3120 4 oef R0 o Al )t BN ) o ) o
s 1 4 AP T 0o A IR, e AN AR 4 e R 01 8 i Yy 9y o
il I 0 £ P 0 DO 0 . AN U " SO 0 sl & 4.3 e
il y72.1 | £0b ,733 /.56 23§ 30 23140
ol 1< 300 4 Al W Y WA o WL 2l -0~ 00 0, T TR

1. Prom Table A-4 or Pig. A=29 secticn 5, or known data.

2. Yrom Table A=5 section 5, used Mly for eq. u,

3. TProm Table A=4 section 5, or eq. 1l.

4, Trom Table A-6 section 5, latitude (§) =
with collector tilt (8) = *, and latitude = tilt =

e’ -t grw

5. TProm eq. 12, I7 = (T (M),
6. Trom eq. 13, 5 = (Ip)(W).

TToL6y
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9. GUIDE SPECIFICATIONS

ORIGINAL PAGE IS
1. Functional Specifications ; OF POOR QUALITY

1.1 The system will ptowde space and hot water heoﬁng.
1.2 The system shail be capable of the fo"owing operalfng modes.

1) Direct spoce heating by solar energy

\
i .
€ TP AT AT TR 9 W AR IR

2) Space heating by stored solar energy

- 3) Storage of ;olgr energy
4) Space heating by auxiliary heating subsystem
5) DHW heating from storage
6) DHW heating by auxiliary hot water heater
1.3 The system shall use air heating collectors and heated water for energy storage.

"~ 1.4 The system operation shall be fully avtomatic.

. Performance Specifications

" 2.1 The system performance.shall be unaffected by periods ;:f no-flow in‘the
collector due to reduced demand, power outages, or during installation.
The solar collector shall have an efficiency greater than 50% when the
average air f.e.mperature iss T= .41 + Ta, where I= solar insolation in
Biu/th -hr and Ta is the ambient temperature in degrees F, for example,

for I= 250, Ta =40, T= 140°F.
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The system thermal losses due to ducting shall not exceed 2.5% of solar energy

i
7,

collected.

e
e

The storoge loss shall not exceed 2% of solar energy collected in 8 hours.

H

M e

The collector fan energy shall not exceed 2% of the solar energy collected
on a clear day.
The circulator fan energy shall not exceed 2% of the solar energy collected

on a clear day.
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¢ Collector Subsystems

’, 3.2
4 = 3.8
3.4

\ 5§ 3.5

L]

A

:
31
\
B

3.7

A single glazing of low-iron crystal clear glass shall be used.

The absorber shall be a selective coating of black chrome applied to a
copper subst}ole.. The absorber shall be textured 1o enhance heat transfer.
The rear closure insulated shall be of high temperature fiberglass type which
has very low outgassing.

The collector frame shall be of aluminum construction.

The glazing cover shall be removeable from the front of the collector with=
out disturbing the adjacent collectors. : "

The collectors shall be of two-pass design so the inlet and outlet are on the

same end of a row.

The collector shall be manufactured by SOLAFERN, LTD. |

e

: "J 40'

4.4

4.5

'* J 4, Energy Tiansport Subsystem

The energy transport subsystem shall be prepackaged into an energy transport
module (EIM) including the collector blower, operating mode control
dampers and damper motors.

The flow rating of the ETM shall be 600 CFM.

A pressure reducer shall be used if the municipal line pressure is greater

than 40 PSI.
An airvent valve shall be provided to vent trapped air.
A pressure relief valve shall be provided at the heat exchanger and

exponsion fanks set for 100 PSI.

-2
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4.6 A reversible circulation pump shall be provided to store and extract

bl i SERtet ¢
,\;1334%5#;::* A e

o~
3

solar energy.

; ‘ ORIGINAL PAGE IS
3 OF POOR QUALITY
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5. Storage Subsystem:

5.1 The storage subsystem shall be pressurized water in tanks approved for DHW.

5.2 An expansion tank shall be provided to maintain the water pressure between
40 and 80 PSI.

5.3 Acheck valve (back flow preventer) shall be provided so expanded water
shall not re-enter the municipal water line.

5.4 Provision shall be made for thermal expansion of piping.

6. Control Subsystem . }

B S ———

6.1 A control subsystem shall be provided for automatic control of the system /
inall 4 modes.

6.2 24 volt control circuits shall be used.

S G ——

6.3 A two-stage room thermostat shall be used.

6.4 The control subsystem shall be manufactured by SOLAFERN, LTD.

7. Limited Wanon!z »

SOLAFERN, LTD. warrants the solar system components against defects in work=

manship or materials under normal use for one year from the date of installation.

3 e S
v i

The collector warranty is for 5 years, except for glass breakage. The warronty 5
covers parts only. In order to obtain service, the purchaser obtains a service

warranty from the installer.
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