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I. SYSTEM DESCRIPTION

The integrated, warm air solar heating system eliminates most of
the problems encountered by an architect or designer when incorporating
solar heating in a construction project. The individual components are
fully compatible and have been developed to work together.

The Series V collectors are structural units, fastened directly to the
roof or wall framing members (24" o,c). They form a fully weather-tight
assembly which replaces the conventional roofing or siding. The collectors
are manufactured in any length up to 24' to meet the design requirements of
each installation. They are light weight -- less than two pounds per square
foot ~~ and the insulation toward the living space is site-applied according to
architectural specifications.

The Universal Switching Unit (USU) accomplishes the air circulating
and switching functions. It can be equipped to operate at whatever CFM is
dictated by the overall system design. Its main component is an industrial
quality centrifugal fan with life lubricated ball bearings, operating at low RPM
and powered by a high efficiency GE "Energy Saver'' motor.

The control functions are performed by the completely automatic LCU-
110 Logic Control Unit. It compares various system conditions and optimizes
the use of solar energy while minimizing the use of the auxiliary heating sys-
tem, The interior environment of a solar-heated house is in no way different
from a conventionally heated one and requires no additional user-operated
controls other than the standard room temperature thermostat. There is a
manual override of the automatic functioning of the LCU Control Unit for
servicing and special uses of the system.

The Fail-Safe Thermal Vents protect the collectors against overheating

in summer or in the event of a power failure. They operate by thermosiphoning,

and are generally connected to the inlet and outlet manifolds of the collector
array.

ot
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" INTRODUCTION

This Performance Specification establishes the require-
ments for the design and performance of the solar heating
system to be delivered. It designates the Interim Per-
formance Criteria applicable to each type system and
defines the deviations. The appendices specify the
performance for each type and size system and the install-
ation drawings.

APPLICABLE DOCUMENT

2.1 Governnmant Documents

Interim Performance Criteria for Solar Heating and
Combined ileatving/cooling Systems and Dwcllings
Januarxy 1, 1975. U.S. Department of Housing ana

Urban Development.

2.2  Contractor Documents ,

1000~-001: Leakage Specification, Control Dampers, Rev.
1000~002: Preliminary Collector Efficiency, Rev. 0,
- Drawing #1
1000~003: CSI Installation Uanual Rev. O
1000~004: Design Data Brochure, Rev. 0
1006-005: Quarterly Rep/Top Level Drawing List,
Oct. 20, 1977, Rev. 3

APPLICATION OF INTERIM PERFCRMANCE CRITLERIA DY TYPE OF
SYSTEM

The application. of cach paragraph of the Tnterim Performance
Criteria to eaclh type system is provided in the following
table: :

Table I = Residential Systems
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3 . . SPECIFICATION NO, i =
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RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY . |
: CNERT_OF 2.
APPLICATION ' :
JYPESYRYAMS b
' A - APPLICABLE TO SYSTEMS INDICATED H - HEATING )
)~ APPLICABLE TO SYSTEM AND BUI LINNG HC ~ HEATING ANO COOLING
¢ NA - NOT APPLICASBLE MW — HOT WATER
' TYrE Tyre
H REBIDENTIAL INTEAIM REGCIDENTIAL INTERIM
PERFGRMANCE CRITERIA SYSTEMs PERFORMANCE CRITERIA . SYaTEWS |
PARAGRAPH H HC MW PARAGNAPH H HE oy
4 1.1 ' H and HC Systsm | A A | A |1.3.1 Collector Efficiency | 4 A A
. Parformance )
; b 1.4 Thermal Storagse A A A
1.1.1 Heating Design 1 1 RA ‘
% Temperaturas 1.4.1 Storage Capacity and A A A
i‘ Rate :
;r. 1.1.2 Cooling Design NA I RA
Tomperatures 1.5 Habitability of A A A
. Occupied Spaces
: 1.1.3 Relstive Humid- I 1 NA
~' . ity and Water Vapor 1.5.1 Heat or Humldfty I 1 X
f Pressurs Transfer Effects
K -‘L'l{l‘lo Solsr A A A [1.6 Energy Transport A A A
: ; "] sontgibution Efficiency
1.1.3 Operattion A A A 1,6.1 Thermal Lossaes and A A A
F impeirmant Electrical Powar
k ‘ 1.2 HW System A A A 1.7 Contfol A A ry
] ' Subsyatom Performance , .
‘ 1.7.1 Instsllation and & A A
§ 1,2,1 Water Dasign H I 1 Meintenance
§ f Tempersturd
1.7.2 Monual Adjustment & A A
: 1.2,2 Sctorage Design A A A
; . Capacity ' 1.7.3 Inhabited 8paca A ) HA
s : 4 . Tampersturs '
: ‘ 1.2.3 Solar A A A
: : Csatribution 1.7.4  Hot Weter Tempereturs; A A A
1.2.4 Operacional A A A 1.8 Auxiliary Bnatgy A A A
4 : Impatirment . ;
4 : 1,81 Design Loads A A A
: 1.3 Collectuyx A A A, -
4 Performance :
J ,
ORIGINAL PAGE |&
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RESIDENTIAL SYSTEMS, INTERIM PERFORMARCE CRITERIA SUMIAARY ,
eagv.d o5 b
TYPE TVra
RESIDANTIAL (HTERIM . RESIDTHTIAL INTERIM
PORPGAMAKCE CRITTRIA sveTCL PERFGRA19GE CRITERIA sysrans
PARAGRAV M H HC | KW PAR S SRARH He "
I Systoem Design A A A 7.3.2 Pregsure Test: A A
Conditions Potable Water
2.1.1 Equipownt A A A 2.3.3 Afr Trensport Syetems A A
Capabilitias .
2.4 Collector Adjustment A A
2.1.2 Noise or A A A
Erosion-Corrosion 2.4.1 Orfentatfon and Tilt A A
2.1.3 Oparsiing A A A 2.4.2 Mutual Shadowing A A
Conditione : .
2.5 Subsystem Isclation A A
2,1.4 Fluid Plow A A A .
ta Collectors’ 2.5.1 Shutdown {n Multf- A A
, fanmily Kousing
2.1.5 IEntrspped ‘Aflrx A A A
2.6 Heat Transfor Flutd A A
; 2.1.6 Tharmsl Expan- A A A Quality
| Glon of Yluids
3 2.6.1 Liquid Qualtty A A
2.1.7 Pressure Drope A A A
2.6.2 Afr Qualicy A A
4.1.6 Condonsata N A KA
Newovel 2.6.3 Fluid Qualtcy A A
2.2 Hechanical A A A 2.6.4 VFreexing Protection A A
Strancans
2.7 Piping Supports A A
2.2,1 Vibrziion A A A
Btreoss Lavel:= 2.7.1 Applicabia Plumbing A A
Stendards
2.2.2 Vibration fran A A A ‘
Hoving Parte 2.8 Exceunfve Vressure A A
and Temperaturs Protection
2.2.3 Water Howwer A A A
. 2.8.1 Reliwf Velves end A A
2.2 .4 Vacuur hRalief h A k Vente
§, Protection
' 3.1 S5{ructuyral Dastpgn A k
2,2.5 Therisal Changew 4 A A Bogtiw
2.2.6 Frentile Jolaia A A A Jobol Applicebte dtandacds A A
F 3.3 Loake:.n A A A
. Prevantion
g » ‘ .
_,2,3.‘1 Proeeura Taast: A A A
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3.2 . Tailure Loads A A A 3.9 Ponding Condition A A &
and Tocad Capacity
3.9.1 Deefgn Provisione 1A & A
3.2.1 Ultimatas Loed A A A
Canbinations b} Plusbing and A A 3
Electrical Inscaliztion
3.2.2 Ice lLosds A A A
6,1,1 Pluebing Codes A A b
3.2.3 Vehicular Loads I b4 1
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Structural LBlaaange Fire Ratod Assosdliss
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A &.1 Provieions of Catsh A & A
3.6 Croep and 1 1 I Basins
Rosidual Dsflection
4. L,Z Datestion of Tonie A A A
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“ - 4,0 DEVIATIONS FROM INTERIM PERFORMANCE CRITERIA

4,1 ' Deviationg to Residential I. I°, C,

" All of the not applicable Jeviations, NA (Dev), were criteria which

" do not apply to single dwelling air curculating heating systerns as ours, For

exemple, criteria 1.2 "DHW aystem/subsyestem performance'' can not be a'pw

plisd to our space heating system, The following critieria deviations fall into

this category: 1.2, 1.7.4, 2.1,5, 2,2.3, 2,2.4, 2.3.1, 2.3.2, 2.5, 2.5.1,

20604, 32,3, 3.3.2, 4.0, 4.2,2, 4.4, 4.4.1, 4.4.2, 4.6.1, 4.6,2, 4,63,

5. l. 2' 502- 2' 5.204' ()v 1' 3, 6¢ 104, 6. 1, 6}, 6, 3. Zo

"7 Ghould the configuration of our system change in & way which makes any of these

* ¢criteria be applicable to our system, CSI will make changes in accordance with

" The deviation# in peragraph 1,8,1, 2, 1.7, 2,7, 2.7.1 are due to criteria
which epply to denign of the specific house and heating system required of the
axchitect or HVAC engineeru, not to our system before installation, Here

tha pertinence has been changed from applicable to heating system' to "applicable

Lo fystam wrndd Building, as per architect's epecifications,
. GOVERNMENT FURNISHED PROPERTY

The Government will furnish a Site Data Acguisition System for both installaticns.

Yoz reqguirements and composition and all deviations of these SDAS have been submitted
.0 GOVERNMENT DIRECTED REQUIREMENTS
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rNAIDEV)

NA {DEV!

NA (DEV)
NA {Dewv)

lea {DEV)
NA (D)

A (DEVY
1A NDEY)

l' FERTINENCE _”

irc | PCHTINENCE “we 1 T eentinencell wc -;Ea'rwuﬁ *
an A 463 NA (L 7.3.2 ' .
2 6.1 A 464 A 7.3.3, i
26.2 A a7 A 7.3.4 1 N
2.6.1 A 471 A 8.9 | |
264 | NAIDEV) 5.1 A 8.1.1 i R
7 t DEVI 6.1.1 A 8.1.2 { Co
210 1 (DEV) 5.1.2 NA (DEV) 81.3 i o
78 A 65.1.3 A 8.2 { ‘
28.1 A 6.1.4 A 8.2.1 i ,1
3 A 5.1.6 A 8.2.2 i |
319 A 6.1.6 A 8.3 ' |
312 A 5.2 A 8.31 t i l
42 A 6.2.1 A 8.3.2 i |
312.1 A 5.2.2 NA (DEV) 8.1 i ‘
3.2.2 A 5.2.3 A 9.1.1 { A |
223 NA (DEV) 6.2.4 NA (DEV) §.2 1 ‘
3.24 A 6.2.6 A f.2.1 I . |
a3 A 6.2.6 A 6.2.2 !
3.3 A 6.3 A 93 {
332 NA (DEV) 521 A 9.2.1 ' 5
14 A b.3.2 e €.3.2 {
3.4.1 A 5.3.3 A 9.3.3 |

3,6 1 5.34 A 10.1 ' R
15.1 ! 5.4 A 01,1 i :
1.6 1 6.4.1 A 10.1,2 |
36.1 [ 8.1 A 1.1 i
37 A 6.1.1 A TRR] t . :
3.7 A 6.1.2 A 1.3 ! : |
18 A 6.1.3 NA (DEV] 11.2.1 i * :
2.8.1 A 6.1.4 NA (DEV) 11.2.2 ; .
38.2 A 6.16 A 11.2.3 ] : ]
3.8 A 6.1.8 NA (DEV! 1.3 { '
3.8.1 A &2 A 11.3.1 !
41 A 8.2.1 A 12,4 i '
.11 NA (DEV) 8.2.2 A 12.9. i Lo :
4.1.2 A 0.2.3 A 1212 |
4.2 A 6.2¢ A 213 1o
a2 A 6.3 A 10K ! }
4.2.2 NA (DEV) 6.2.1 A 221 ;
42 A 5.4.2 A (DEV) 1207 4
431 A 7.1 \ ’ 173 t f
4 3.2 1 P10 1 1238 t ;
44 NA (DEV) rae i 11 ] J
a.6.1 NA (DEV) 703 ) 13 1.4 ‘ :
6.8.2 HA (DEV) 7.1.4 i 312 i |
4.6 t 7.2 N i
4.6.1 ] 7.2.% 1 |
452 A 7.2.2 { ’ ‘
4.0 A 7.2.3 i ! 1 4
6.6.1 NA (DEV) 7.3 L i i “1
Ny, NA (DEV) 7.4 i 2 ;
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Date: November 8, 1977

GEOGRAPHICAL AREA

Solar heating system for single family dwelling is for
installation in northeastern region of the United States.
The states included in the northeastern region are New
Hampshire, Vermont, Maine, Massachusetts, Connecticut,
Rhode Island, New York, New Jersey, Pennsylvania, Delaware,
Ohio.

. SYSTEM APPENDICE

Appendix A, System Performance Specification for
New Hampshire Vocation-Technical College House
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SYSTEM PERFORMANCE SPECIFICATION

Ftinamoney 115 0me

Specification No, 1-NHYTC
APPENDIX A Page Date June 1977

SYSTEM IDENTIFICATION

This Appendix defines the periormance and inetallation
drawinge for (Enter tyne of system), (Enter Contractor Name),
System Modal Number (Jnter Model Number),

SYSTEM PERFORMANCE SHEETS

Site - Campus, New Hampshire Vocational-Technical College

The system chall be installed in a residence in the city of
Manchester , county of HilIEDOYO gtate of New Hampshire

Heatlng Capscity

The system will provide solar energy for 954 % of the average

toral heating loxd during the heating scason based on an average

sotal he&ting load of *8.5 % lob BTU/MC)nth and a peak heating loa
of 35,000 BTU/hr,

94

Conling Capncity

The sysrtem will provide solar energy for 0 % of the average
totul cooling tead during tha cooling sczmon, tased on an average
tatal cooling Joad of ———_DTU/Manth and a peak cooling load

of  meme— BTru/hr i

Auxliary Everzy
Tae average rate of auxiliary ensrgy veed for heating shall be no
greater than 4;;;1.9_(1__ BTU/Muouth of the total enrryy requirad for
heating, inc\ﬁ:ﬂng hot weter., This ahall bx no greater than ‘___'-6“_%
of the tutal energy required for heating. The average rate of
auxiliary cnerygy uned o1 cooling during the cooling Bearon shall

be no greater than st BTU/Month:, Thie shall be no greater
than - G of the total enerpgy roquired for cooling.

Ay = - o

*7 month avig,
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SYSTEM PERFORMANCE SPECIFICATION

[ L T L LY ST PN

" Specification No. 1-NHVTC

P a3 1|

ORIGINAL PAgE 1o . L
AL PAcE 19 Page Date June, 1977

OF POOR QuALME

b:_(.'.)l Vl’&iuﬁ dR{G!NA!‘ M&E m

50_gal/day gahlgne of potable (or useable) hot water shall be delivered

. at no less thaa 1,25 gal/min at temperatures no less than 130 OF,

Recovery time shall be no greater than 3 hours. The average
hot water heating load will be 1-1X107 g°F U/ Month of which 58 %
{s provided by auxiliary cuergy.

Operating Requirements

- The maximuan alectrical epergy required to drive the solar portion of
"~ the syatem at {ts rpted capacity ghall be no greater than 2 K.w,

The maximum electrical erergy required to drive the coinpl ete system
shall be no greaterthan 2  K,W. The avsrage yearly electrical
onergy requived to drive the aystern ahall be no greater than 1800K, W, H.
Watsr requiremnents for cooling condensere and/or air humidification shall
be no jreater than """ yalfhr.

Pi‘)mjcnl_g){‘iﬁ - Teble 11

- s cw——

The following subaystems shall have:

Design tife no Weight (tilled) Inetallation

(essthan - no greaterthan  .dimenslons
HG&HHQ ‘ ‘_“20 . Years R Ibs e
Cooling 7T years 3 _::': 1bs _ T
Auxiliary Enevgy ,--_.20 . years __2_?0 ibs i‘XS'XSl
Storage 30 ear 95,000 |, 12'x12'%8"
Potanle Water ZO . years 1’20‘(_}_‘ Ity 11)(2':{4:_*
(O e . .
Collector 20 yeare o2 ee/pet T ed K
inerty Transport }/_ff: _renrs _ff\? Ibr /41 --‘_:f:!‘i_“____w
Coutrols L2 years D e NIA
ORI

17
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III, SYSTEM OPERATION

The system has six operating modes: standby, storing heat, heating from
collectors, heating from storage, auxiliary heating, and combined auxiliary
heating and storing heat (see Fig. III-1). The order of priority is as follows:

1.

6.

Heating from collectors: when the room thermostat demands heat
and the collectors are receiving sufficient energy to provide heated
air at greater than approximately 85° F to the house.

Heating from storage: when the room thermostat demands heat and
there is insufficient energy in the collectors but enou%h energy in
storage to provide heated air at gréater than obout 85 F to the house.

Combined Auxiliary heating and storing heat: with heat demand and
insufficient energy in collectors and storage for room heating but
sufficient energy in the collectors to charge storage. In this case
the auxiliary furnace provides for space heating and energy from
the collectors is stored concurrently.

Auxiliary heating: when the house demands heat and none is avaii-
able from the collectors or from storage for space heating or stor-
ing. The auxiliary furnace provides back-up heating for the house.

Storing Heat: with no heat demand from the house and sufficient
energy in the collectors for storing.

Standby: with no heat demand and insufficient collector energy for
storing (or a full storage).

The following points concerning system operation should also be noted:

1.

In no mode is solar heat ever stored or used when its equivalent
value, in auxiliary fuel dollars, would be less than the value of the
electrical power needed to run the system.,

The Fail-Safe Thermal Vents cool the collectors in warm weather
when no heat is demanded or needed in storage. The collector array
circulates outside air by thermosiphoning. The vents open auto-
matically whenever temperatures exceed 165°F, due either to
ambient temperature rise or power failure,

18
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< i 3. The air flow through storage is reversed between storing and
heating from storage modes so that temperature stratification
is maintained.

4, The LCU-110 solar system control accomplishes automatic control

of dampers, the USU, the auxiliary furnace and the fail-safe thermal
l vents. It monitors collector temperature, storage temperatures
; (hot end and cold end) and the two-stage room thermostat. Settable
system parameters include: collector-storage differential and collector
and storage outpu: sensible heat temperatures. Storage temperature
may also be limited, in summer, to 100°F.,

5. TFree float check valves are used in the system ducts where needed
to prevent unwanted thermosiphoning and backflow through the aux-
g : iliary furnace.

6. A replaceable filter must be provided in the return duct from the
living space to prevent dust accumulation in the rock storage or
collectors. ” This system must be maintained with filters being
rqaplace‘d every 500 hours of operation,

‘e

IV, SERIES V SOLAR COLLECTORS

| : The Series V warm air circulating collectors have several unique design

i ' features. They are structural units which are fastened directly to the two-

. inch nominal house framing members which are spaced 24'' on center. They

' form a water-~tight roof or wall assemble and replace the conventional roofing
| or siding. This approach reduces costs in new construction when compared
S to an external, add-on collector. Great architectural freedom is also gained

‘ by custom manufacturing the length of the collectors to each different installa-
tion.

The collector chassis is constructed of a specially designed extruded alum-
inum side rail and two-piece end caps. The complete unit is very light weight

‘ (less than two pounds per square foot) and installs quickly and easily. There is
.i ' a double glazing: the outer layer is Kalwall "Sunlite Premium II'' 40 mil fiber-
% glass and the inner layer is Teflon FEP, This combination glazing design is
highly efficient for admitting and trapping solar energy. It also lends a par-
ticularly attractive appearance to the collector array, and can be used to great
design advantage.

o TR 4

The chassis sides are insulated; rear insulation is site-applied to meet individual
job requirements.

20
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One of the most interesting features of the Series V design is that it accommodates
differential expanding and contracting of the glazing, maintaining the integrity of
weatherseal and avoiding warpage, which is a problem with some other designs on the
market, The glazing unit is easily removable from the collector chassis in case of
damage.

21
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MATERIALS:

Extruded profile; Aluminum alloy. 6063-T5
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INTRODUCTION

The LCU-110 Solar Controller is designed to control air-circulating

P space heating solar energy systems. It monitors temperatures in the
collectors and in storage and responds to demands for heating from i
the room thermostat. System dampers and fans are controlled in a |
mapner which maximizes use of solar energy and calls upon the auxi- ‘
liary (back-up) heating system only when there is no solar or stored : i
solar energy available. It also provides the homeowner with a display :
of the solar system's operating mode and the solar energy available. : {
It simplifies solar system servicing and start-up with its manual |
operating capability, and its logic (decision-making) circuitry can
be tailored to virtually any system arrangement.

EEAT R T g o
?
.

1
A

The LCU-110 operates the whole heating system automatically 997% of
the time, becoming a '"forgetable intermediary" between the thermo-
stat and the back-up heating system, making use of solar energy 1 .
whenever available. Attractive and of rugped construction, the LCU-110 '
Solar Controller offers these advantages: -
: i -lower control costs: the LCU-110 costs less than designing and in-
stalling a customized control system of rclays, differential thermo-
stats and temperaturc contrcllers
~simplified air transport system: use of the LCU-110 allows moving
aig between collectors, storage and living space with one fan and
less ducting than otherwise; when used in conjunction with the
CSI Solar Air Mover (USU) it greatly reduces air transport system
installed costs and complexity
~ease of operation: the display and automatic/manual controls make
any solar system easier to understand, operate and maintain

This manual provides information on the installation, operation and
maintenance of the LCU-110. Part 1 explains the operation and func-
tion of the controller. This section should be read by installers,
system maintainers and solar homeowners. Part 2 is written for the
installer (electrician or other qualified person). Part 3 is directed
toward those servicing or troubleshooting the solar system and the
LCU-110. The Appendix contains specifications, circuit diagrams,
warranty information and any information specific to the installation
for which this manual was supplied.

Two versions of the LCU-110 are available: Series Logic for systems
with the auxiliary heater between the solar system and the living space,
and Parallel Logic for auxiliary systems in parallel with the solar.
This manual was written for the more common parallel configuration

but when the Series version differs significantly, ih2 text is so noted.
Other arrangements of solar and auxiliary systems cau be controlled by

custom tailoring the LCU-110. —— e

VAAP . Sy
Mover v S"‘PP/L':] Avx SuF,oLj
Auxn
Rock
Storage
T i Return < Return
.'i“ . “ F)ava“e[ 535£€.m FIG. 1 Se\-les Sldz"ir‘cm
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THEORY OF OPERATION .

‘ L
The operation of the LCU-110 controller is illustrated in the block dia- . s
gram below (fig. 2). The Temperature Comparing Circuits compare system
input temperatures with the temperature settings of the controller, and N

three signals are generated: .

COLLECTOR HEAT tells us whether the collectors are con-
verting solar energy at a rate great enough to
heat the living space

STORAGE HEAT defines whether the rock storage bin is hot .
enough to use stored heat

DIFFERENTIAL indicates that the collectors are hot enough
and the storage bin cool enough to warrant storing
solar energy

The Solar Mode Selector looks at these three signals and at the room
thermostat's request for heat and determines what mode the solar system ,

.

( Fm';)eraturc chtfxn s ALCU"IIO

Tc2-Ter Tc3-Tcz €3 Hys

rete | |BEO

Tt Ts ptiv  C-S DIFF

eleje
Co“ocfor G

O Prol:c So[ab

COLLE CTOR Mode
HEAT Se(etfor

Camparing STORAGE
Sto Civecurts 0 HEAT Q Mode
vaje ! Im/olemen‘£0>

\ Switch

7:-’am perafure

Proles DIFFEQENTIA «_O

S{gge 1 N 50 Sec
Si’aqez Clock

l . | STB
O\ '’ ) g:s Y

2 - Sfaae QHS
Room Moc{e“{:o-Ou{puf Decoder i
Thevmostat S Kj*ﬂux

_ |

S K g a3z
Au’l(tll.al'v f‘an fo SSS{EM
Contyol Control Dampess _Outputs
FIG. 2
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should operate in to make best use of available solar energyv. It
outputs this requested mode to the Mode Implementor (if the LCU-110

is being operated manually, the Mode Implementor takes the mode

indicated by the Manual Mode Switch). The Mode Implementor main- :

tains the current operating mude and does the work necessary to 3
change the system from one mode to another, such as shutting down : n
the fan to allow dampers to change or waiting for the auxiliary ’
heater to cool down at the end of a cycle. It may take two or more

fifty second intervals to accomplish this.

The Mode Implementor provides the current mode to the Mode-to-Output
Decoder which controls the proper damper, fan and auxiliary heater

control outputs needed to operate the solar system in each mode.

SYSTEM TEMPERATURE' SETTINGS

Three RTD temperature probes sense collector output air temperature (RTC),
hot side storage temperature (TS2) and cold side storagc temperature
(TS1). These temperatures are compared with the settings of the six

dials (poteﬁtibmeters) on the main circuit board inside the LCU-110.

TC2 TC'I TC3 TC2

These settings are the turn-~on and turn-off temperatures for the three
signals to the logic or decision making circuitry: COLLECTOR HEAT,
STORAGE HEAT and DIFFERENTIAL . ‘TC3-TC2, TCZ2-TCL and TCl are
settings which determine if air coming from the collectors is hot
enough to deliver to the living space to heat it properly. This temper-

“ature is dependent upon the air's velocity and moisture content, A
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‘ minimum of 85°F (290C) is common. As the collectors warm up their
Co temperature must rise above the turn-on threshold TC2 befor: (CQL-
Py -~ LECTOR HEAT 1is "on", and heating from the collectors is ailowed.

i . As air begins circulating through the collectors their temperature

! will decrease somewhat, stabilizing between TC2 and TCl for a period .
of time. If the solar input is insufficient and the collector temper- b
ature falls below TCl, COLLECTOR HEAT goes "off" and heating _ L
from the collectors iIs not allowed. In this controller TCl and :
TC2-TCl (i.e. the difference between TC2 and TCl) are adjustable.

This turn-on and turn-off difference is commonly called system hys-
teresis and prevents the system from cycling on and off too frequently.
Figure 4 shows this hysteresis provision graphically.

NOTE: Sendies Systems have an additional setting - TC3-TC2 - s
and have two Levels of Coflecton Heat. ;

A ‘ i g _
+7Te3 e ] : : ' |

( iNAL PREE "
%‘:ﬁmom OUALITY:

NC SING
COLLECTOR

B ot b
S
>
<

C=S DIFF and C-S HYS are secttings which determine if air coming from the
; collectors is hot enough to put energy into storage. The collectors must
] be hotter than the cold side of storage by an amount equal to C-S DIFF
plus C-S HYS before the DIFFERENTIAL 1is turned "on" and storing heat
is allowed. Should this difference fall below C-S DIFF then DIFFERENTIAL
will be turned off and storing heat will no longLr be allowed This process
is illustrated below:

o TEMPERATURE 4+ Tc2 Bpoed = = e l

4 v R

& TC) o« . : 1

i y

i orp |STAGE 1] STAGE 2 LECTOR HE ‘
FIG. 4 l

\

|

A
_(corretop TEMA |
, - MiNuy COLD 3105 T(HYS) (Dlrr) >
i ST0RAGE___TEMP.) Y
T (om— D
' OFF| ON OIFFFERENTIAL
- - ' FIG. 5

1 Wil
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energy. If no heat is demanded by the room thermostat the system

TS MIN is a temperature setting which determines when the rock stor-
age bin is hot enough to allow space heating from storage. When the
hot SldL of storage rises to a temperature equal to the TS MIN setting
plus 5° F, STORAGE HEAT 1is turned "on" and heating from storage is
allowed. When the hot side storage temperature falls below TS MIN then

STORAGE HEAT is turned "off" and heating from storage.gs no longer
allowed. The Storage Heat hysteresis is internally set to 5 F.

4
_INCREASING P

STORAGE
TEMPERATURE = 4 TS MIv +5°% .
A 4
+ Ts MV 4 ]
OFF | ON SToRAGE HEAT
FIG. 6

TCl and TS MIN are commonly set at the same temperature. Also, TC2-TC1
is commonly set equal to C~S HYS.

TEMPERATURE COMPARING CiRCUITS

N

‘ COLLECTOR HEAT

EaCy.

? STORAGE HEAT
. DIFFERENTIAL

"FIG. 7

The temperature comparing circuits (see fig. 2) compare system tem=—
peratures to the sctrings on the main circuit board inside the LCU-110
and generate the three signals: COLLECTOR HEAT

STORAGE HEAT

DIFFERENTIAL

The room thermostat provides two more signals: stage one and stage twd
call for heac

NOTE: Sendies Sgs tems have two additional ugna& auxiliany
heaten call fon system fan and collecton heat sfage iws.

‘SOLAR MODE SELECTOR : -

The Solar Mode Selector circuitry monitors these five (or seven) signais

and determines which mode the solar system should be operating in. &
mode pr1or1ty is built into this circuit to make maximum use of solay

tore heat ( § mode) whencver the DIFFERENTIAL is "en". If
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room thermostat is at stage one then: :

-if COLLECTOR HEAT 1is on the system will heat from collectors, HC

-ifFCOLLECToR HEAT 1is off but STORAGE HEAT is on then the system '
will heat from storage, HS A

—-if neither COLLECTOR HEAT norSTORAGE HEAT 1is on then the system
will call upon the auxiliary (back-up) heating system for heat, AUX

Whenever the room thermostat is at stage two the system will heat from
auxiliary (AUX mode). S and AUX modes are allowed simultaneously.

NOTE: Ser.ies Systems will heat grom collectors (HC mode) when

' COLLECTOR HEAT is at stage 2 and will heat grom collectons
with auxcdiany make-up heat (HC and AUX modes A{multane-
ousfy) when COLLECTOR HEAT 4is at stage 1. Also, the cir-

culaiion path for AUX mode 48 through stonrage, s0 AUX mode
becomes AUX and HS.

GRIGINAL PREE 15
SYSTEM FUNCTIONS OF PCOR QUALIT%

SYSTEM
FUNCTION

SOLAR

MANUAL =y

CONVENTIONAL

" FIG. 8

% SOLAR When the System Function Switch (on the front of the LCU~110)

TR is set to SOLAR ~the LCU~110 operates the whole system. auto-

Y matically. The Solar Mode Selector picks the proper node and passes this
: information to the Mode Implementor circuitry (see fig. 2). The Mode

]

41

L A e ok



| Implementor holds the current mode and displays it on the lights on
‘ the front of the LCU-110. If a change is needed the Mode Implementor
may take fifty seconds or longer to shift mode. It will shut the fan .
down to change dampers and may wait for the auxiliary heater to cool
down. The Mode-to-Output Decoding circuitry switches the proper 24 VAC
output circuits for each mode.

SYSTEM SOLAR
FUNCTION O/~—MANUAL

CONVENTIONAL )

FIG. 9

MANUAL When the System Function Switch is set to MANUAL the mode
i selector switch below it is activated. The temperature sensor
and room thermostat inputs are ignored and the Mode Implementor takes
the desired mode from the manual mode selector switch (see fig. 2).
Again, changing modes manually may take fifty seconds or longer.
Manual solar system operation is intended for servicing and start up.
If a freezing rain leaves the collectors glazed and prevents collect-
ing available solar energy, manual operation also allows the ice to
be melted off using the S mode for a short period of time.

i

i T

SOLAR

SYSTEM_
| FUNCTION

= MANUAL

CONVENTIONAL

; FI1G. 10
& . CONVENTIONAL “When the System Function Switch is in this positiom, .
B the solar system is locked out and space heating is

done by the auxiliary system only. This function allows for space heat-
ing while the solar system, or the LCU-110, is being serviced. The two
circuit cards inside the controller may be replaced or mailed to the

: factory for repair with the System Function Switch left in this posi-
o .tion, but CAUTION- the control is electrically live until power is

’ disconnected and lethal voltages may be present when removing circuit
cards. Servicing should be left to qualified personnel. -

NOTE: Series Systems, when in CONVENTIONAL mode, set up the
: dampers 4in HS mode, the auxiliary heatetr controls the
system fan, and the LCU-110 POWER switch must be Leit
ON. 1§ the system fan i3 to be serviced, the LCU-T10
should be shut off and power to the fan moton disccnnected.
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| SUMMER LIMIT SWITCH
| ON

SUMMER

LIMIT @
OFF
OFF

POWER @

ON
FIG. 11

The Summer Limit Switch sets a maximum temperature of 100°F for the
storage bin, In the summer months the collectors are able to store most
of the available solar energy because little space heating is demanded.
Heat leaking from a hot storage bin is undesirable in the summer and
this limiting prevents it from occurring. The Summer Limit Switch should
be set ON at the end of the heating season and OFF when it begins again
in the fall.

Y
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VI, UNIVERSAL SWITCHING UNIT (USU)

The switching system incorporates the centrifugal fan and motorized air valves

into one component. This minimizes specialized on site assembly labor and A
assures high quality standards, Electrical outputs from the system control ' £
unit (LLCU-110) open or close specific air valves and start or stop the fan, ‘
thereby controlling the flow of air through different sections of the transport g
system. The air circulating device, powered by a special energy-saving motor,

is of premiun quality and consumes less power than other fans moving the same

amount of air.
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VII. TRANSPORT SYSTEM

1. Collector Manifolding

The collector manifolding will generally be fabricated of a rectangular or
square duct of approximately one-half the cross-section area of the solar
ducting., The manifold will interconnect to the 8' round takeoff collars on
the collector 1/0 ports. All of the cold ports of the array will be connected
in parallel as will all of the warm ports. A flexible 8" duct will connect
the collector takeoff collar to the manifold takeoff collar. The manifold
takeoff collar on either hot or cold side will have an adjustable locking
volume damper for system balancing., See Figure VIII-1l. It is of special
importance to make all interconnections air tight and to insulate all duct-
ing in accordance with the enclosed table CSI #240-001.

2. Fail-Safe Vents

A sufficient number of fail-safe thermal vent valves and ports must be provided
so that the system can thermosiphon enough air to cool it below damaging
temperatures. Thermal vent ports are used in pairs, an intake to the collector
cold manifold and an exhaust from the collector hot manifold. There are two
criteria for determining the number of ports needed and their spacing:

1) A pair of ports must be provided for every 350 ft2 of active collector
area.

2)  Ports should be provided for every 24 linear feet of collector
mainfold.

The vent port is generally fitted to the gable end panel of the house via a
10" insulated flexible ducting. Reference CSI Drawing #530-001,

3. USU Motor Sizing

The USU should be ordered with the proper electric motor, sized to run the
fan at the proper CFM as follows: 2 :

Active Collector Area Motor
100-250 ft% 1/3 HP
250-350 " 1/2 HP
350-600 " 3/4 HP

4. Duct Sizing

The inside dimensions of the solar system's inteﬂrconnecting ducting are
chosen by one criterion: linear air velocity in the ducts must not be greater
than 1000 ft/min. Calculate the duct's inside dimensions (HxW) by:

57




Calculate the system's air flow. Multiply the active active area

of the collector array by 3 to obtain system CFM (cubic feet per
minute): :

(Active area) 3 CFM = system CFM
ft

Calculate the duct's minimum inside area (HxW) min, by dividing
the system CFM by 1000:

duct inside area ftz > system CFM
1000 ft. /min,

Choose duct inside dimensions H and W (in ft.) to be compatible
with the building design and:

HxW2Z duct minimum inside area

Duct outside dimensions will depend on the required duct insulation.
Consult the duct insulation requirements in the general specifications,

CSI #240-001.
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DUCTING/ MANIFULDING INSULATION REQUIREMENTS

1) Manifolding:

Average temp.

A. Hot manifold; assume output temperature of 120°F.
Suggested manifold

ks SR B e MW g SRS SRR A (o TR RITTs o ARt O e

surrounding manifold insulation
*r R-10
20° R-8
40° R-6
60° R-4
B. Cold manifold; assume input temperature of 65°F.
= X R-8
20° . R-6
. 40° R-4
? 600 ‘ R-2
}% 2) Ducting, exterior to hezted living space:

c° R-6
200 R-5
400 R-4
60© R-3

3) Ducting; insicc heate space:

.

400 -5
5CP R-4
€10 Fed
70° k-3

' 400 R-3
50° -3
607 =
7402 -
= e =

00 R-12
200 R-10
400 R-8
60° R-6

A. Hot ducting; assume cir tomcerature of 120°F.

B. Cold ducting; assuvine air tewparature of (5OF.

A. Hot ducting; assunec output temperature of 120°F.

B. Cold Ducting; assume input temporature of 65°F,

Toleranse

Loss must not exceed
0.7% of total system
output; verify loss is
within this spec.

Loss must not exceed
0.7% of total system
output; verify loss is
within this spec.

Loss must not exceed
1.0% of total system
output; verify loss is
within this spec.

Less must not exceed
0.7% of toteal . system
output; verify loss is
within this spec.

Loss nust not exceed
€% of. total system
output; verify loss isg
within this spec.

Loss must not cxcesd
2% of total system
cutput; verity loss ic
vithin this crec.
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VIII STORAGE DESIGN

1. Storage Sizing

The storage sizing for system configurations will require one cubic foot of

rock for each square foot of active collector area. For example, a house

with a normalized load of 6 BTU/DD in a 7000 degree day climate will have
ft

a collector to house area ratio of (,24). This means that a 1, 600 ftz house

would require (.24) (1, 600) - 384 ftz of active collector area. This would
require 384+ cubic feet of rock storage.

2, Storage Bin Shape

The shape of the storage bin is determined primarily by the face velocity of
air through stone:

a) Calculate the total air volume/min. (in CFM):

, 3 A
3 ft~ / min. . '
ft¢ collector x collector active area = volume/min.

b) Multiply the volume/min. by 25, a desirable face velocity, to

determine the cross sectional area of the storage (Height x Width)
perpendicular to the air flow:

Volume/min, x 25 = Cross Sectional Area of Storage (HxW)
This figure for HxW can be allowed to vary + 20% and still assure good flow
distribution without unnecessarily high pressure drops through the storage

system. The final determination of Height and Width depends on the additional
parameters explained in Figure VII-1,

3. Stone Selection

The stone specification requires a washed and screened stone in a size
range from 1 to 11/2'" average diameter. This stone is generally in the
form of "trap rock' in the New England area and is used for septic system
fields or foundation drainage and is usually readily available.

The sizing is important since it affects the storage pressure drop.

See
Table VII-1 for evaluation of pressure drop.
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Path Length Face Velocity o

6 -- .14 .20 | S

8 .08 .18 .27 * o

{ 10 L1 .23 .33 ' 2
12 .15 .28 .40

Table VII-1

Pressure Drop Across Storage

%
Notes: .
1) “"Peessure drop is in inches of water.
‘ L ‘ 2) Add . 10" to calculated value to account for storage manifold losses.
| 4
i L O%'
: : &
\ E X ad
. : ) £ ‘90 Q’
S | &
W 1
| H
L
: i
|
Figure VII-1 -
: Storage Bin Configuration
f A. HxW = Cross-sectional area perpendicular to air flow. =

et

B. The ratio of W:H should be no greater than 3 nor less than , 3.

C.  The ratio of L:W+H should be no greater than 2 nor less than 1.
2

e BT

'D. L should be between 6 and 12 feet.

e T

Notev:‘L, W, H are inside dimensions occupied by stone. Allow additional
= size for manifolds, insulation and cap. '

e 64
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