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1. EXECUTIVE SUMMARY

1.1  ABSTRACT

Operation of CSU Solar House I during the heating season of 1978-

1979 and during the 1979 cooling season was based on the use of systems

comprising an experimental evacuated tubular solar collector supplied by

the Philips Research Laboratories, a non-freezing aqueous collection

medium, heat exchange to an insulated conventional vertical cylindrical

storage tank and to a built-up rectangular insulated storage tank supplied

by the Bally Case and Cooler Company, heating of circulating air by

solar heated water and by electric auxiliary in an off-peak heat storage

unit supplied by the TPI Corporation, space cooling by lithium bromide

absorption chiller supplied by Arkla Industries, and service water

heating by solar exchange and electric auxiliary.  Automatic system

control and automatic data acquisition and computation are provided.
This system is compared with others evaluated in CSU Solar Houses I, II

and III, and with computer predictions based on mathematical models.

Of the 69,513 MJ total energy requirement  for space heating and hot

water during a record cold winter, solar provided 32,281 MJ equivalent

to 48 percent.  Thirty percent of the incident solar energy was collected

I and 29 percent was del ivered and used for heating and hot water.   Of

33,320 MJ required for cooling and hot water during the summer, 79

percent of 26,202 MJ were supplied by solar.  Thirty-five percent of the

incident solar energy was collected and 26 percent was used for hot water

and cooling in the summer.

Although not as efficient as the Corning evacuated tube collector

previously used, the Philips experimental collector provided solar

heating and cooling with minimum operation problems. Improved per-

formance, particularly for cooling, resulted from the  use of a very well-

insulated heat storage tank.  Day time (on-peak) electric auxiliary heating

was completely avoided by use of off-peak electric heat storage.  A

well-designed and operated solar heating and cooling system provided

56 percent of the total energy requirement for heating, cooling, and

hot water.
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1.2  PREFACE AND ACKNOWLEDGEMENTS

This report is one of a series covering research and development

on solar heating and cooling systems in CSU Solar House I.  In a continuous

program since September, 1973, solar heating and cooling components have

been assembled into a series of integrated systems and their performance

has been systematically measured and compared.  Various types of solar

collectors, heat storage containers, cooling units, controllers, and

auxiliary heaters have been assembled into about six different systems

and several modifications of those systems.

Reports of design and performance of previously developed systems

have been submitted to sponsoring government agencies as listed below:

1.   "Solar Heated and Cooled Building", G.O.G. LBf and D.S. Ward.
Progress report COO-2577-1, for the period 1 September 1973 to
31 January 1974, submitted to the National Science Foundation/RANN,
March 1974.

2.   "Design and Construction of a Residential Solar Heating and Cooling
System", G.O.G. Lof, D.S. Ward, J.C. Ward and C.C. Smith.  Progress
report COO-2577-4, for the period 1 January 1974 to 31 July 1974,
submitted to the National Science Foundation/RANN, August 1974.

3.       "Performance  of a Residential Solar Heating and Cooling System",
D.S. Ward, G.O.G. LBf and C.C. Smith.  Progress report COO-2577-9,
for the period 1 July 1974 to 1 February 1975, submitted to the
Energy Research and Development Administration, June 1975.

4. "System Modifications and Refinements for a Residential Solar
Heating and Cooling System", D.S. Ward, G.O.G. LBf and C.C. Smith.
Interim report COO-2577-11, for the period 1 October 1975 to 1 July
1976, submitted to the Energy Research and Development Administra-
tion, September 1976.

5.   "Design, Construction and Testing of a Residential Solar Heating
and Cooling System", D.S. Ward ar.d G.O.G. LBf. Progress report
COO-2577-10, for the period 1 September 1974 to 31 August 1975,
submitted to the Committee on the Challenges of Modern Society
(CCMS), Energy Research and Development Administration, July 1976.

6.   "Evaluation of the Corning and Philips Evacuated Tubular Collectors
in  a Residential Solar Heating and Cooling System",  W.S.  Duff.
Final report COO-4012-1, for the period 1 May 1976 to 1 December
1976, submitted to the Energy Research and Development Adminis-
tration, March 1977.

7.   "Solar Evacuated Tube Collector-Absorption Chiller Systems Simulation",
J.A. Leflar and W.S. Duff.  Report COO-2577-13, Submitted to the
Department of Energy, December 1977.
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8.   "Evaluation of High Performance Evacuated Tubular Collectors in a
Residential Heating and Cooling System: Colorado State University

Solar House,I", T.M. Conway, W.S. Duff, R.B. Pratt, G.O.G. LBf,
and D.B. Meredith.  Progress report COO-2577-14, for the period
1 October 1976 to 30 September 1977, submitted to the Committee
on the Challenges of Modern Society (CCMS), Department of Energy,

July 1978.

9.   "Comparative Performance of Two Types of Evacuated Tubular Solar
Collectors in a Residential Heating and Cooling System", G.O.G.

LBf and W.S. Duff.  Progress report COO-2577-19, for the period
1 October 1977 to 30 September 1978, submitted to the Department of
Energy, September 1979.

The authors of this report acknowledge with appreciation the support

of the U.S. Department of Energy, Office of Solar Applications.  Also

recognized is the Chicago Operations Office of DOE, through which the

contract is administered, and Lyle Groome, Charles Bishop, and their

associates at the Solar Energy Research Institute in Golden, Colorado,

the technical monitors of the project.

In indispensible supporting roles have been Dick Hill who has

provided instrumentation and equipment design and operational super-

vision and Kathi McKenna who has provided secretarial and office support

to the project.

This report is based on the effective contributions of numerous

members of the project staff and of others in the CSU Solar Energy Applica-

tions Laboratory and other organizations.  The authors wish to acknowledge

with great appreciation the contributions which all the participants have

made.  Special recognition is accorded to Thomas Conway, co-leader of the

project until his departure in January 1979 and Dr. John Appleyard of the

University of Western Australia for his help in project coordination

through February 1979.  Members of the staff who have been directly

responsible for system operation, data analysis, and computation of

results, and on whom this work has heavily depended, include R. Millard,

T.N. Bechtel, C.E. Hancock, P.C. Jacobs, E.B. Kepner, R.G. Pratt, and

N.A. Weaver.

This project has been part of a bilateral cooperative project with

the Solarhaus Freiburg in West Germany.  Component suppliers have also

been included in this arrangement.  Substantial contributions to the

planning and review of the project have been made by members of the
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cooperative project team. Dr. Konrad Schreitmaller and Mr. Klaus Vanoli
of the DFVLR (Germany), Dr. Horst HBrster of the Philips Research
Laboratory in Aachen, and Dr. Phillip Anderson of the Arkla Corporation
have provided exceptionally valuable guidance and assistance.  Other

inputs to the success of the project were made by Drs. R. Bruno, R.

Kersten  and  Mr. H. Korver  of  the Philips Research Laboratory  and  Dr.
F. Masson and R. Ullrich of the North American Philips Company; Mr.

Richard Merrick of Arkla Corporation; N.A. Buckley of Bally; and Dr. F.
Morse and Dr. M. Davis of the U.S. Department of Energy.

3



5

1.3  SUMMARY

1.3.1 Objectives

The principal objectives in the current investigation are the

development and evaluation of a solar system for heating, cooling, and

hot water supply in which the principal components are a newly developed

type of evacuated tube collector, a well-insulated sectional heat

storage tank, a lithium bromide absorption chiller specifically designed

for solar operation, and an off-peak electric heat storage unit for

auxiliary heat supply.  Related objectives are the evaluation of the

mechanical performance and maintenance requirements of such a system,

its efficiency and energy delivery capacity, and the validity of

computer models for predicting performance of similar systems.

1.3.2 Environment and Climate

The project is located in a favorable climate for solar energy

utilization.  High levels of solar radiation in winter and summer, low

cloudiness, and large space heating requirements of 3075 degree C

(5535 degree F) days per year favor solar heating application.  Although

residential cooling demand is normally low, use of the building as

offices and laboratories imposes cooling loads commensurate with residential

requirements in most of the United States other than in excessively hot

and humid zones.  Average monthly solar and temperature conditions in
the region range from 13 to 18 MJ/m2-day and -4 to 24°C respectively.

1.3.3 The Building

Shown in Figure 1.1, Solar House I has two floors, totaling 249

square meters area not including separately heated garage area or entry

vestibule.  It is a well-built, modern frame structure with a design

heating load of 16.1 kW at -23°C (55,000 Btu/hr at -10°F) at a reference

temperature of 18.3°C (65°F).

The measured heating load has been lower than planned because of

some energy conservation features added during construction of the house

and because of greater than normal internal heat generation by high

electric use for lighting and equipment as well as by greater personal

occupancy than planned.  Higher cooling loads have resulted from the

latter factors.

Although the house is well constructed, with a comparatively low

heat loss for a structure of its size, insulation usage is not exceptional.
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The walls are insulated with 7.6 cm of fiberglass, equivalent to
R-1.94 m2-'C/W (R-11 hr-ft2-°F/Btu), and the ceiling insulation is equal

to R-3.35 m2-°C/W (R-19 hr-ft2-QF/Btul.  A sheltered entry with vestibule

airlock (two doors) and triple glazing are, however, unusual energy

conserving features.

163.4 Solar Energy System

The solar energy systems for space heating, cooling, and hot water

supply are illustrated in Figures 1-2H and 1-2C.  The experimental

Philips evacuated tube collector was mounted on a platform adajcent to

the house and tilted at an angle of 45° directly toward the south.  The

flat plate collector on the roof of the house was used for other purposes

during the period covered by this report.  The Philips collector, with
an aperture area of 44.7 m2, comprised an array of evacuated glass tubes

resting against corrugated aluminum extrusions through which an antifreeze

solution was circulated.  A selective absorbing surface is deposited on

the inside of the glass tube on the lower third of the circumference.

Rain and dust protection was provided by flat glass covers.  Antifreeze

solution (ethylene glycol in water) was circulated through the collector

at a rate of approximately 1.14 liters/second (18 gallons/minute) and

through a tube-and-shell heat exchanger to which water from storage was

pumped at a rate of .44 liters/second (7 gallons/minute).  Heat storage

was provided in a rectangular insulated tank of 4160 liters (1100 gallons)

capacity, built up of interlocking insulated panels lined with a one-

piece, shaped vinyl sheet.  All piping enters and leaves the tank through

openings in the insulated cover.

Heated water was pumped from storage for service water heating

and space heating as indicated in Fig. 1-2H.  A liquid-to-liquid heat

exchanger for service hot water and a liquid-to-air coil for space

heating are provided.  As shown in Figs. 1-2H and 1-2C, service water

was circulated through a heat exchanger by pumping from a 302 liter

(80 gallon) preheat tank.  Auxiliary hot water heat is furnished in a

conventional electric water heater of 151 liters (40 gallons) capacity

by an electric resistance coil.  Auxiliary space heating is supplied in

an off-peak electric heating unit in which ceramic blocks, heated at

night by off-peak electric resistance, supply heat to the air stream

when needed.
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Cooling was furnished by a 3-ton ARKLA lithium bromide absorption

chiller, driven by hot water from main storage as shown in

Figure 1-2C.  Chilled water is pumped through a coil in the air stream

passing to the rooms and is returned to the chiller.  Heat was discarded

from the system in a cooling tower mounted outside the building.

Auxiliary cooling, when required, was supplied by circulating hot water

from an electric boiler through the generator of the chiller.

1.3.5 Operating Modes

During the heating season, the three primary operating modes are

(1) solar heat collection and delivery to storage, (2) use of hot water

from storage to heat air circulating to the rooms, and (3) use of solar

storage to supply heat to service hot water.  Mode (3) is used only

in conjunction with Mode (2).

In addition to the solar modes, there are three types of operations

involving auxiliary space heating and one involving auxiliary service

water heating.  For space heating, an off-peak electric auxiliary

unit (a) is charged at night (off-peak) by supply of electricity to

heating elements in brickwork, (b) is used during the day (peak periods)

to supply auxiliary heat from hot brickwork to air from the solar coil

when solar heat is not sufficient to meet demand, and (c) is used to

supply auxiliary electric heat directly to the air stream during night-

time (off-peak) periods.  The direct heating elements may also be used

in the day time if there has been a failure to adequately charge the

electric heat storage unit the previous night (this mode was never

necessary in the operation of House I).

For service water heating, solar heated water flows to a conven-

tional electric water heater whenever a hot water tap is opened.  If the

temperature in the auxiliary electric water heater falls below a preset

level, electric heat is automatically supplied until the desired tempera-

ture is obtained.

During the summer, the three primary solar operations are (1)

delivery of solar heated water from collector to storage, (2) use of

stored heated water to supply energy to the chiller from which refri-

gerated water is pumped to a coil in which circulating air is cooled

and dehumidified, and (3) use of solar heated water in an exchanger for
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service hot water supply.  Two additional modes involving auxiliary

electric energy are (41 when the solar storage tank is cooler than a

preset temperature (typically 70°C), this source is replaced by hot

water circulated through an electrically heated boiler, and (5) auxiliary

heat for service hot water is supplied as described above.

1.3.6 Evaluation Program

The evaluation program comprises (1) measurement of approxi-

mately 100 variables (temperature, flow, radiation, electric energy

use) every ten minutes throughout the entire year, (2) calculation

of hourly, daily, monthly, and annual performance factors such as energy

supply, energy delivery, collection efficiency, auxiliary energy use,

energy supply to the several uses, (3) assessment of operational problems

and maintenance requirements, reliability, and practicality of systems
for general public use, (4) comparison of system performance with theoretical

predictions and evaluation and validation of models on which predictions

are based, (5) comparision of system performance with those previously

evaluated in the CSU program.

1.3.7 Major Results and Conclusions

The major results of the one-year study involving the systems

previously described are shown in Figures 1-3H and 1-3C.  These results

show that substantial portions of the heating, cooling, and hot water

requirements were met by the solar systems involving the Philips MKIV

evacuated tube collector and Arkla water chiller.  Off-peak electric

heat storage, sectional rectangular solar storage tank, baffles for

achieving stratified temperatures in storage, and other accessories

proved satisfactory.  System efficiencies, although not as high as those

achieved with the Corning evacuated tube collector and associated

system, are higher than those previously obtained with site-built flat-

plate collectors.  Were it not for an evacuated tubular collector

retaining snow cover several days longer than does a flat plate collector,

system efficiencies for the Philips MKIV collector would have been

higher than the selective, single-glazed state-of-the-art flat plate

collectors on Solar Houses II and III.
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1.4  INTRODUCTION AND BACKGROUND

The objectives of the program in CSU Solar House I are the development

and evaluation of systems for solar heating and cooling of buildings.

The portion of the program covered in this report involves evaluation of

systems which included an experimental evacuated tubular collector

supplied by Philips, Aachen, West Germany Research Laboratory, a sectional

heat storage tank supplied by the Bally Case and Cooler Company,

a chiller supplied by Arkla Industries, an off-peak electric heat storage

unit supplied by the TPI.Corporation, and other heating, cooling, and

hot water equipment.  Determination of system effectiveness as measured

by efficiency, portion of heat requirements met by solar, maintenance

and repair and reliability assessment, and system performance comparisons

with other systems and with theory are also involved.

The philosophy in this and other solar projects at Colorado State

University is based on the clear indication that the greatest need

for technical input in solar heating and cooling of buildings is

in the integration of the many components into effective and reliable

systems.  Assessment of performance and operating problems are primary

requirements for evolving the best system designs.

The program is organized under the directorsbip of the Solar Energy

Applications Laboratory with two solar specialists supervising the work,

a skilled technician in daily charge of equipment and instrumentation,

and several engineering graduate students carrying out data procurement

and analysis.  Report preparation is primarily the responsibility of

the senior staff, and decisions on system design, operation, and modi-

fication are made in general consultation by the whole staff.

The steps in carrying out the work of the project, usually taken

annually, are (1) analysis and decisions as to components and system

integration involving new equipment and changes in existing equipment
,

(2) modification and/or installation of solar and auxiliary equipment

and monitoring facilities, (3) initial testing of new system design

and correction of faults, (4) automatic operation of heating, cooling,

and hot water systems with continuous data logging, (5) simultaneously

with step 4, continuous review of operations and data, logging of

faults, and solution of problems, (6) computation and analysis of
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results, comparisons with those of earlier and contemporary systems,

and preparation of full reports.

Conventional heating systems in the region are usually supplied
with natural gas in warm air or hydronic systems.  Service hot water

is usually heated by natural gas, although some electric heaters are

used.  There is very little residential cooling (air conditioning), but

in a few houses, vapor compression systems are used.  In other parts of

the country, fuel oil is also used, to the extent of 10-20% of national

space heating requirements.  Natural gas comprises 50-60%, and electricity

the balance.

In Climates similar to that in central Colorado, typical residences

of 150-200 square meter floor area require about 100 gigajoules (about

100 million Btu) per year for space heating and hot water.  Of the

total energy consumption, approximately 15 GJ are typically required

for service hot water supply and the balance for space heating.  The

three solar heated houses in the CSU Solar Village have averaged

about 80 GJ per year since their construction.  The buildings are some-

what larger than average, but construction is better than usually

encountered.

In regions where residential cooling is common, 3- to 5-ton

units may operate for periods of 200-2000 hours per year, depending

on the climate.  Annual cooling delivery may range from six GJ in

mild climates to 100 GJ in very hot and humid regions. The ,amount of
energy required for cooling depends on the COP of the equipment, but

assuming a vapor compression type with an average COP of 2,.electric

energy consumption would be roughly half of those cooling delivery

quantities.

The cost of conventional energy supplied by natural gas ranges

from about $2 per GJ to $10 per GJ, throughout the U.S., assuming

approximately 50% combustion efficiency.  At the CSU Solar Village,

the cost is approximately $4/GJ.  Rapid price increases are

occurring.  Electricity prices range from one cent per kWh to more

than ten cents per kwH ($3/GJ to $30 per GJ).  At the CSU Solar

Village, the cost of electricity is approximately 4 cents per kWh,

equivalent to $11 per GJ.  Fuel oil for residential heating,
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used mainly in the northeast and north. central parts of the U.S.,

costs approximately $15/GJ at 50% combustion efficiency.
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2.  ENVIRONMENT AND LOCATION

2.1  LOCATION

The CSU Solar Village is located in the Foothills Research Campus,

6.4 km west of Fort Collins, 96.6 km north of Denver, Colorado.  The

latitude is 40.6°N, the longitude is 105.1°W of the principal meridian,

and the elevation is 1585 m above sea level.  The solar houses are on

the south slope of a hill, about 60 m above the level of the city, and

the air is generally clear of local pollution.  Immediately to the west,

the Rocky Mountains rise to the Continental Divide, about 50 km distant.

Eastward from the site of the Solar Village the terrain is generally

flat.  There are no obstructions to direct sunlight on the site except

for shading by the mountains for the last 15 to 30 minutes before sunset.

2.2  CLIMATE

The climate of the region is semi-arid with continental winters and

meager summer rainfall.  Average annual precipitation is 36.3 cm, con-

sisting of 24.9 cm rainfall and 11.4 cm water from snowfall.  Ambient

temperatures are moderate during summer months, with mean July highs

about 32°C and mean low temperatures during the coldest winter months

about -10°C.  Average daily temperature in January is -1°C and in July,

24°C.  The normal total annual heating degree days (18.3°C base) is 3075

°C-days.  Monthly average daily radiation on a surface inclined south-

ward at 45 degrees in Fort Collins and monthly average ambient tempera-

tures are shown in Figure 2-1.
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3.  DESCRIPTION OF BUILDING AND SYSTEM

3.1  THE BUILDING

3.1.1 Description

Solar House I is a residential-type building located in the Solar

Village at the Foothills Research campus of Colorado State University in

Fort Collins, Colorado.  The building is a three-bedroom house, although

the interior is utilized for offices.  The first floor is the "living"

area, with 126 square meters floor space, exclusive of the unheated

vestibule and separately heated garage area.  The full basement, with

123 square meters floor area has additional offices as well as space for

the solar equipment.  A photograph of the building is shown in

Figure 1-1.

3.1.2 Plans and Cross-Section

The south side of the basement is entirely above grade while the

north wall is all below grade.  A floor plan and sections of the build-

ing structure are shown in Figures 3-1 and 3-2.  The garage has been

converted to offices that are heated and cooled by a separate electric

supply not associated with the solar system.

Solar collectors are mounted on the south side of the 45 degree

roof.  The roof is partially supported by four walls which extend out-

ward 1.83 m from the south wall of the building (see Figure 1-1).  A

1.83 m overhang shades the south-facing windows on the first floor in

the summer and admits sunlight during the winter.  Shading of the south-

facing windows in the early morning and late afternoon is provided by

vertical support walls (fins) extending from the south wall.

3.1.3 Heating and Cooling Loads

Frame walls are constructed of 5 by 10 cm studs on 40.6 cm centers.

Exterior sheathing is 1.27 cm thick beneath 1.1 cm lapped cedar siding.

The interior wall is 1.6 cm gypsum board, behind which is 7.6 cm fiber-
glass batt insulation with R = 1.94 °C-m2/W (11 hr-ft2-°F/Btu).  The

ceiling consists of joists, 5 by 15 cm on 51 cm centers, with 1.6 cm

gypsum board overlaid with 14 cm fiberglass blanket insulation with

R = 3.35 0(-m2/W (19 hr-ft2-oF/Btu).
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The exposed wall area of the building totals 110 square meters and

the underground concrete wall area is 73 square meters.  There are 20.35

square meters of triple-glazed windows set in wood and a 5.76 square

meter double glazed sliding glass door in an aluminum frame.  The design

heating load was computed to be 16.1 kW at -23°C (55,000 Btu/hr at

-10°F), corresponding to 33.65 MJ/°C-day (17,600 Btu/°F-day) based on a

reference temperature of 48.39C (65 F).  The calculated overall UA of

'  the building is thus 390 W/9C (1.4 MJ/hr-°C; 740 Btu/hr-°F).  The design

cooling load is approximately 10.5 kW (3-tons or 36,000 Btu/hr).

The actual heating load is less than 80 percent of the anticipated

value because of departures from the design on which the load was based.

The principal differences are due to the use of triple glazed windows

rather than double, reduced infiltration by use of a vestibule entry,

and higher interior heat generation resulting from lighting, electric

equipment, and occupants.  Internal heat generation and heat lost from

storage into the house also increase the cooling load significantly.

Although used as offices and laboratories rather than as a dwell-

ing, the building is continuously heated and cooled by use of a room

they'mostat at a constant setting of 21°C (70°F) in winter and 24°C

(74°F) in summer.  Hot water use is simulated by automatic dumping of

regulated volumes at preset intervals.  This quantity, about 300 liters

per day, is typical for a family of four persons.

3.2  THE SOLAR ENERGY AND HVAC SYSTEMS

3.2.1 General Characteristics of Present Systems

There are two solar energy systems in CSU Solar House I.  Heat may

be supplied from a flat-plate liquid collector on the roof or from an

evacuated tube liquid collector on an adjacent platform.  Two storage

tanks and two tube-and-shell heat exchangers are available for storing

heat from both collectors.  Heated water may be supplied from either

tank to the heating, cooling, and service hot water equipment in the

house, while heat is rejected from the other tank to the atmosphere.

In the period 1 October 1978 to 30 September 1979, only the eva-

cuated tube collector was used to supply the heating and cooling re-

quirements of the building.  The heating and cooling systems are

shown in Figures 1-2H and 1-2C.  The principal components are an

experimental evacuated tube collector, a heat storage tank, an off-peak
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electric auxiliary heater, a lithium bromide absorption chiller, a heat

exchanger and tank for solar water heating, and heat exchangers for

collector-to-storage transfer and for storage-to-warm air transfer.

Solar collection was accomplished by operation of the collector pump

and storage pump, transferring heat in an exchanger from a 50 percent

glycol solution to water in storage.  For solar space heating, hot water

was pumped from storage to a heating coil through which house air was

circulated, water being returned to the tank.  Auxiliary space heating

was supplied by an off-peak electric heat storage unit through which air

passed before distribution to the rooms.  Service hot water was heated

in a tube-and-shell exchanger through which hot water from main storage

was pumped.  Auxiliary heat for hot water was supplied in a conventional

electric water heater.

3.2.2 System Modifications

As described in previous reports, the solar heating and cooling

systems in Solar House I have undergone numerous changes since initial

start-up in July 1974.  Until December 1976, the system comprised a

site-built, flat-plate collector of 71.3 square meters on the roof of

the house, a heat storage tank of 4500 liters, a liquid-to-liquid heat

exchanger for transfer of heat from a glycol solution circulated through

the collector, air heating coil, Arkla model 501 WF lithium bromide

absorption air conditioner, a liquid-to-liquid heat exchanger and solar

hot water preheat tank, and gas-fired auxiliary hot water boiler and

auxiliary hot water tank.

Between December 1976 and July 1978, a second heat collection and

storage system was used in CSU Solar House I.  The new equipment com-

prised an evacuated tube collector supplied by the Corning Glass Works,

with an aperture area of 50 square meters, mounted on a 45 degree

sloping platform immediately south of the house.  An additional heat

exchanger was used for transferring heat from circulating glycol solu-

tion to water stored in a second 4500 liter insulated storage tank.  The

systems were designed so that either collector and storage assembly

could be used to supply heating, cooling, and hot water to the building,

while heat from the other system was rejected to the atmosphere by means

of a fan coil unit through which outdoor air was circulated.
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After 18 months of testing and evaluation, the Corning collector

was shipped to the joint FRG project in Germany (July 1978), and a

second evacuated tubular collector, supplied by the Philips Company, was

installed in its place.  Minor changes in system design were also made,

including system switching valves and the domestic hot water heat exchanger

location.

Another important system change was made in September 1976, when

the original absorption air conditioner was replaced by an Arkla model

WF-36 lithium bromide absorption water chiller designed specifically for

solar operation.  House air was cooled and dehumidified by circulation

through a finned coil in which chilled water from the Arkla unit was

circulated.  During the period of system operation with evacuated tube

collectors, the flat-plate site-built collector was operated in the heat

rejection mode or it was used in a separate experiment involving a

direct contact liquid-to-liquid heat exchange system.

A complete description of the heating and cooling systems involving

first the Corning evacuated tube collector and later, the Philips Mark

IV evacuated tube collector, and other system components, is presented

in the report COO-2577-19, "Comparative Performance of Two Types of

Evacuated Tubular Solar Collectors in a Residential Heating and Cooling

System", covering the period October 1977 through September  1978.

Three additional major changes have been made in other system

components during the current period between October 1978 and September

1979.  In November 1978, an auxiliary heat supply system comprising an

off-peak electric heat storage unit was installed and operated throughout

the winter of 1978-79.  In January 1979, the original site-built flat-plat
e

collectors on the roof of the house were replaced with an array of

Miromit factory collectors with galvanized steel tubes and absorber

plates, and selective black nickel coatings.  These collectors were put

to immediate use with the direct contact liquid-liquid heat exchanger/

storage system in a separate research project.  In May 1979, the origina
l

galvanized steel heat storage tank, with badly deteriorated insulation,

was replaced with a modular, sectional, rectangular tank with vinyl

liner, supplied by the Bally Case and Cooler Company, and operated with

vertical baffles which provided stratified temperatures in the storage

tank.
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Details of these last three changes are presented elsewhere in this
report.

3.2.3 Solar Heating System with Evacuated Tube Collector

During the 1978-1979 heating season, the system employed in Solar
House I was as shown in Figure .1-2H. The Philips evacuated tubular
collectors provided heat to storage by means of a tube-and-shell heat
exchanger and two centrifugal pumps.  Hot water was stored in a poorly
insulated cylindrical tank, and when space heating was required the water
was pumped through a .small service water heat exchanger to the main air
heating coil through which house air was simultaneously circulated

by a centrifugal blower.  When water heating was also required, the
domestic water circulating pump operated. Auxiliary heat was supplied to
service hot water in a thermostatted electric water heater, while auxiliary

space heating was provided in an electric off-peak heat storage unit.

Specifications on each of the components of this system are shown

in Tables 3-1 and 3-2H.  More detailed descriptions of the collector and

the off-peak auxiliary heating unit are shown in sections below.

3.2.4 Solar Cooling System

Figure 1-2C shows the configuration of the energy supply system for

space cooling and for water heating during the summer of 1979.  In May,

the heat storage tank was replaced with a new sectional, well-insulated

tank supplied by the Bally Case and Cooler Company, which provides 4200

liters of storage in a vinyl-lined cube-shaped container.  Tight-fitting

sections are joined together by latching devices, to form the bottom,

side, and top surfaces.  All fluid streams enter and leave the tank through
openings in the top.

The system for heat transfer to storage is the same as that

used the previous winter, but the service hot water supply equipment was

modified so that water was drawn from main storage for service water

heating through a heat exchanger exclusively for that purpose.  An

electric booster heater is used as during the previous winter.

When cooling was required, hot water was circulated from the upper

portion of the stratified storage tank to the Arkla absorption chiller

(described below), provided that the storage temperature was above 70'C.

If the water temperature wa$ lower than 70°C, the solar/auxiliary valve was
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Table 3-1.  Heat Exchanger Specifications

Location Manufacturer Model UA Factor Quantity
W/0C

Collector Young Radiator F303 DY 6625 Two in

(winter Company one pass series

only)

Hot Water Young Radiator F303 HY 530 one

Company one pass

Table 3-2H.  Pump Specifications
Winter, 1978-79

Location Manufacturer/Model Power (watts) Flow Rate
(liters/sec)

Collector Gorman-Rupp 120 Series 250 1.1

Model #12895-2

Storage   '  Bell & Gossett 1/6 hp
125 1.6

Series 100

Load Gorman-Rupp 120 Series 250 .65

Model #12895-7

Hot Water Teel 1/20 hp                38                .25

Model #1 P761

Fan Dayton 1/2 hp 115/230V 375 800 cfm

Model 5K451
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repositioned, the electric hot water boiler was actuated, and hot water

was circulated to the absorption chiller from this auxiliary unit.
Whether with solar heated water or auxiliary, the absorption chiller
provided chilled water to the air cooling coil located in the main house

air duct system, thereby cooling and dehumidifying air sent to the rooms

of the building by means of the main circulating blower.  Heat was

discharged to the atmosphere through the cooling tower located at the

rear of the building.

Specifications for the summer season equipment are given in Tables
3-1 and 3-2C.

Table 3-2C.  Pump Specifications, Summer 1979

Location Manufacturer/Model
 

Power (watts) Flow Rate
(liters/second)

Collector Gorman-Rupp 120 Series 250 1.1
Model 12895-2

Storage Gorman-Rupp 2800 Series     95                 .45
Model #11896-000

Load Gorman-Rupp 120 Series 250 .65
Model 12895-7

Hot Water Gorman-Rupp 2800 Series 38                 .4
Storage Model 11896-00

Hot Water Teel 1/20 hp 38                 .25
Preheat Model #1 P761

Cooling Teel 3/4 hp 560 .75
Tower Model #6K581

Chilled Teel 1/3 hp 250 .45
Water Model #6K578

Fan Dayton 1/2 hp 115/230V 375 800 cfm
Model 5K451
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3.3  THE COMPONENTS

3.3.1 Philips Evacuated Tube Collector

The Philips collector, shown in Figures 3-3, 3-4, and 3-5, is

essentially a heai exchanger plate covered by evacuated tubes wit
h

internal solar absorbing coatings.  A unique feature of this colle
ctor

is a selective surface (cobalt sulfide) on a thin silver mirro
r, de-

posited on the inside of the lower half of the tube.  The tub
es are

spring clamped to the aluminum channel, and heat is transferr
ed to the

fluid by conduction through the glass wall into the aluminu
m heat

exchanger.  Each 4.75 m by 1.9 m module contains 108 tubes.  Four tubes,

approximately one meter long, are laid end to end in eac
h of the 27

aluminum channels.  Silicone hoses are spring clamped to the al
uminum

fluid tubes and to the headers.  Each module has a net absorbing area

(projected on the collector plane) of 6.77 square meters, a glazed area

of 7.45 square meters, and a cover area of 9.03 square meters.  Thus the 
       I

gross surface area occupied by the three arrays of two modules-each on         
  

the test bed was 54.2 square meters, exclusive of space between modules

for access and piping.  The glazed (aperture) area of th
e collector was

44.7 square meters.

3.3.2 Heat Storage Tank

The 4160 liter Bally heat storage tank is shown in Figure 3-6.

Designed on the principle of a walk-in refrigerator, the wal
l, floor,

and top sections are composed  of two sheets of galvani zed steel, between

which 10.2 cm of urethane foam insulation is integrally bon
ded.  With

tongue-and-groove edges, the tank sections are locked 
together by means

of specially designed latches to form a rigid rectangul
ar enclosure.

Prior to placement of the cover sections, a shaped vinyl
 liner of .5 mm

thickness was secured to the upper edge of the tank, extending 
to the          I

floor and completely covering the interior surface.  All
 inlet and

outlet piping is brought through holes in the top of th
e tank, thereby

avoiding penetrations of the liner and possible leakage
.

Operation of the solar system during the winter of 1978
-79 involved

use of the old 4160 liter steel storage tank, poorly ins
ulated, with

vertigal baffles to enhance temperature Stratification
.  In May 1979,

the rectangular Bally tank was installed With two
 Vertigal baffles
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surrounding the return piping from collector and from the load.  Figure

3-7 shows the configuration of the piping and temperature stratification

facilities in the Bally tank.

FROM COLLECTOR TO LOAD
.

TO COLLECTOR .-i
PERFORATED
INLETS

.-1 FROM
TANK -----         =---1 - Z    s-r-     ----1. -
COVER -tj -I

. -L- WATER

LOAD

6-31 LEVEL
1 T                         11

1
1

SUCTIO V    PIPE  I
|

TO LOAD  I    1.

1

il
1                                                     -RETURN   PIPE

    1    FROM LOAD

1                      
                       

                11

  ...L-- PERFORATED
1

| INLETS

/5...r--
SUCTION PIPE      CPLUG1 tta.<.1
TO COLLECTOR      »       PLUG

RETURN PIPE , 6-inch DIAMETER
TO TANK PERFORATED BAFFLES

Figure 3-7.  Stratified Storage Design

Urethane foam insulation   in the storage tank 'walls   has a theoreti -

cal R factor of 6 m2-°C/W (34 ft2-hr-°F/Btu).  Because of heat conduction

through the numerous connecting pipes and some vapor loss, the effective

R is only about half this value, measured at 2.4 m2-°C/W (14 ft2-hr-°F/Btu).

This factor results in a tank heat loss rate of 0.022 MJ/hr-°C.

Thirteen pipe connections through the top of the tank, about double the

number in a normal installation, contribute to a significant portion of

the tank loss.  As pointed out elsewhere, however, these "losses" are

contributions to the heating requirements of the building whenever heat

is required, and are true losses only in mild spring and fall weather

and, of course, in the summer.
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3.3.3. Service Hot Water Heat Exchanger

As shown in Figure 1-2H, the service hot water heat exchanger was

located in the main load loop during the winter of 1978-79.  In this

position, either hot water or space heating or both could be supplied as

required.  When space heating was needed, the main load pump was

operated, and water from storage was circulated through both the service

hot water exchanger and the main air heating coil.  When hot water was

also required, the small circulating pump in the service hot water loop

was also actuated.  By this design, only one pump is was needed in the

solar load loop.  A disadvantage, compared with the system in which the

hot water exchanger is in a completely separate loop heated from main

storage, is the use of a much larger pump when only hot water is required.

As actually operated, however, solar heated water was pumped from main

storage only when space heating was required, so service water was not

solar heated except when stored solar heat was being supplied to the                

building.  This design and method of control resulted in low supply of             I
solar hot water.

The hot water system was changed in the spring of 1979, as shown in

Figure 1-2C, to provide a completely separate circulation loop from

storage through the exchanger, back to storage.  Operation of the hot

water system, with its two small pumps, is therefore independent of the

space cooling system.

Although both service hot water system designs operated satisfac-

torily, the advantages of the separate loop with its two small pumps,

with respect to quantity of solar heated water and control simplicity,

outweigh the elimination of one pump in the series design used in the

winter of 1978-79.

3,3.4 Off-Peak Electric Heat Storage Unit for Auxiliary Heating

In November 1978, the commercial electric off-peak heating unit

shown in Figure 3-8, manufactured by the TPI Corporation, was installed

in CSU Solar House I.  In its simplest form, the device is an assembly

of refractory bricks contained in a heavily insulated metal cabinet.

Electric heating elements supply heat to the bricks during the night

(off-peak).  When auxiliary heat is needed, the dampers inside the

storage unit open slightly so that some of the air being circulated
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from the solar coil passes through the heated core.  After mixing with

the balance of the air stream, the heated air flows to the rooms through

the conventional duct system.  Heat input to the core occurs only during

off-peak periods.  Within some utility networks, this off-peak period

has been defined as being 10:00 pm to 6:00 am.  The storage capacity of

the unit is sized to be capable of supplying all required space heating

needs during even the coldest 16 hour on-peak period (6:00 am to 10:00

pm).  During the night off-peak cycle, space heating is supplied to the

air stream by direct resistance heating.

The advantages to the electric utility of this type of auxiliary

supply are:  (1) delaying the need for construction of additional electric

generation equipment, (2) providing greater utilization of existing

transmission and distribution facilities, (3) improving system load

factor, and (4) improving system operating efficiency.  The advantage to

the user is lower electricity costs by utilizing off-peak rates.

Central to the concept of an off-peak furnace is the storage unit,

which comprises three basic sections; (1) the storage core, (2) the air

flow dampers, and (3) the structural support plenum.  The storage core

section contains refractory blocks, insulation, heating elements,

wiring, and three thermal control devices.  The overall size of the core

section is 51 inches high, 46 inches wide, and 28 inches from front to

back.

The core comprises twelve layers of blocks, and each layer contains

twelve blocks.  As the blocks are assembled into rows, airway passages

are formed between the blocks as a result of wide vertical channels

molded into the sides of the blocks.  After leaving the core, the

heated air is tempered with by-pass air to obtain the desired outlet

temperature.

Three types of insulation surround the core; vermiculite next to the

blocks, compressed powder slabs encased in woven glass cloth, and dense

long fiber mineral wool adjacent to the sheet metal cabinet.  Eleven

electric resistance nichrome wire coils are sandwiched between the

twelve layers of blocks.

Thermally responsive devices to monitor, control, and safeguard the

electric thermal storage process comprise a thermocouple, a hydraulic
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bulb limit, and thermal fuse links.  The charge control type K

thermocouple is the normal means of controlling the storage core temperature.

It provides the input necessary for the charge controller to determine

the amount of charge in the core at any time during the off-peak period.

The maximum normal core temperature is 750°C (1382°F).

The storage damper section, shown in detail in Figure 3-9, is

located directly below the core section and on top of the support

plenum.  It is 15 inches high, 46 inches wide, and 28 inches from front

to back.  This unit contains the air mixing dampers and the electrical

control panels for the storage unit.  The upper set of mixing dampers

(Figure 3-9) controls the amount of air passing through the core, and
the lower set controls the volume of by-pass air.  When the bottom

(internal by-pass) dampers are fully open, the upper (face) dampers are

closed.  Each set of dampers is linked directly to the damper actuator

motor which is a modulating type controlled by the proportional mixed

air thermostat that ts in the main supply duct.

The night heating section is located downstream from the heat

storage core.  The lower half of this section normally contains the fan

for the entire system, but in this solar installation, the main blower

is separately mounted as shown in Figure 1-2H.  The upper half contains

the control panel and the open coil resistance type heating elements

used for night time heating of the house and for stand-by, on-peak heating.

Also shown in Figure 1-2H is an internal auxiliary by-pass.  The by-pass

was installed late in the heating season and was not used during this

reporting period.

The rate of air flow through the storage core varies with the

charge level, that is, with the storage temperature.  At lower charge

levels, air flow rate through the core is higher, flow through the

internal by-pass is lower, and the total flow through the entire unit is

lower.  The maximum air rate is obtained when the bottom damper is fully

open and the face damper is closed.  This maximum amount of air is

available whenever the system is not extracting heat from the core and

is therefore also the air volume available for air conditioning.  The

minimum total flow of air exists when the bottom damper is closed and

the face damper is fully open.  This condition exists at the end of the
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discharge period when all of the air is passing through the core and the

temperature of the air leaving the core is at or below the set point of

the mixed air duct thermostat.

Specifications and conditions of operation of the electric off-peak

heating unit are presented in Table 3-3.

During the off-peak period, the night heating section supplies

auxiliary heat, if needed, to air being circulated from the solar

heating coil.  During this period, the heat storage unit is also being

charged by electric supply to a temperature automatically determined by

reference to water temperature in the solar storage tank.  The charge

input is electronically calculated from the "desired charge level" less
the amount of solar heat in storage and less the amount of charge remaining

in the core from the previous off-peak period.

During the on-peak period, stored heat is extracted from the core by-
actuating the main blower and the internal dampers as called for by the

second stage contact in the room thermostat. The face and by-pass

dampers in the off-peak unit, controlled by the mixed air thermostat,

supply a suitable portion of the circulated air through the hot core, to

provide the desired supply air temperature to the house.

3.3.5 Chiller Characteristics

An Arkla Model WF-36 lithium bromide absorption water chiller,

designed specifically for solar hot water operation, was installed in

September 1976, along with an additional duct coil for cooling as shown

in Figure 1-2C.  The chiller has a nominal rating of 10.5 kW cooling

output (3 refrigeration tons) at a chilled water outlet temperature of

7.2°C when supplied with 14.7 kW from hot water at 91°C and cooling

water at 29°C.  The resulting coefficient of performance (COP) is 0.72.

Full cooling output is obtained within 20 minutes after start-up (com-

pared with two to three hours for the 501 WF model).  Solution concen-

tration was reduced from the standard 52 percent to approximately 50

percent to take advantage of lower condenser water temperatures (24'C)

available in the dry Colorado climate.  Minimum useful hot water genera-

tor temperature has been thereby reduced to 680C from the normal design
minimum of 77°C for operation with 30°C condenser water.  The perfor-

mance characteristics of the Solar House I Arkla chiller are shown in

Figure 3-10.
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Table 3-3.  Specifications for TPI Off-Peak
Electric Auxiliary Heating Unit

Electrical Specifications for Off-Peak Unit

Storage capacity 200 kWh

Charging load 28.9 kW

Voltage
121 amps

240 volts

Amperage
Number of elements 11

Wattage per element 2625 watts

Amperage per element 11 amps

Number of supply circuits                       
     3

Number of elements per circuit
Top supply circuit                        4

Middle supply circuit                     4

Bottom supply circuit                     3

Minimum wire sizes, supply circuits 6 AWG CU
4 AWG AL

Fuse sizes, Top supply circuit 60 amps

Middle supply circuit 60 amps

Bottom supply circuit 45 amps

Control voltage
24 volts

Damper motor vbltage 24 volts

Charge controller, supply voltage 24 volts

Night Heater Section

Elements

Total wattage 15 kW

Voltage 240  Vol ts

Total amperage 62.5 amps

Number of elements                       
       3

Wattage per element 5 kW

Amperage. per element 20.8 amps

Minimum wire sizes, supply circuit 3 AWG CU

Fuse sizes, Two elements 60 amps
One element 30 amps

Fan motor, PSC type, 1/3 hp

Voltage
3.1 amps

240 volts

Amperage, high speed
RPM, high speed 1050 rpm

Minimum wire size 14 GA CU

Fuse sizes 10 amps

continue on next page
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Control circuit

Maximum VA available for entire system 75 VA
Voltage 24 volts

Maximum Air Flow

Estimated Static
Pressure High Speed Medium Speed

0.2 in. 1180 CFM 1130 CFM
0.5 in. 1040 CFM 990 CFM

Minimum Air Flow

Estimated Static
Pressure High Speed Medium Speed

0.2 in. 890 CFM 880 CFM
0.5 in. 730 CFM 720 CFM
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Normal hot water supply temperature to the chiller was 75 to

80°C, from solar storage or from the electrically heated boiler.  Heat

was rejected from the unit through a cooling tower, model number MO-697-12,

located adjacent to the house.  Chilled water at a temperature of

approximately 7°C was circulated from the unit through the duct coil from

which it returned to the chiller at a temperature of about 12°C.

When first installed, the cooling system included two cold water

storage tanks each of 2270 liter capacity. "Cool" water from one tank

at about 12°C was pumped through the evaporator coil of the chiller, and

delivered to the "cold" tank at about 7°C. Water was then pumped from
this storage tank through the air cooling coil and returned to the

warmer  "cool "  tank at about  12°C. This arrangement provided  cool                            

storage and reduced somewhat the on/off cycling of the chiller.  It was         

found, however, that the benefits of cool storage were not sufficient to        

justify its operation and cost, performance not being significantly

affected by the cycling operation.  The cold storage system was therefore

not used in 1977 and was removed in the summer of 1978.



41

4.  SYSTEM OPERATION

4.1  OPERATING MODES

There are two primary applications of collected solar energy in

Solar House I:  space heating and service hot water supply and space

cooling and service hot water supply.  Space heating or cooling includes

options;  (1)  solar use for temperature control in the living space ahd

(2) auxiliary use for the same purposes.  Finally, service hot water is

provided by heat exchange with solar storage, when possible, and supple-

mented by electric auxiliary heat in a "booster" solar water heater, as
required.  Figures 4-1H and 4-1C show the various winter and summer modes

of operation of the systems.

4.1.1 Solar Collection and Storage

Whenever the absorber plate'of the Philips Mark IV evacuated tube

collector exceeded the temperature near the bottom of the storage tank

by more than 10°C the collector and storage pumps were actuated, glycol

solution was circulated through the collector and heat exchanger, and

water from the bottom of the storage tank was circulated through the                   -

exchanger in a counterflow direction, back to the top of the storage

tank.  Heat was thus delivered to storage whenever conditions permitted.

When the temperature at the exit of the collector fell to a level within

20 of the temperature at the bottom of the storage tank, the pumps

were shut off.

The respective flow rates were 66 liters per minute in the collector

loop and 26 liters per minute in the storage loop.

4.1.2 Solar Space Heating

When the room thermostat signaled a demand for heat in the living

space, and if the temperature at the top of the storage tank exceeded

25°C, the main load pump was actuated and water from storage was

circulated through the service water heat exchanger and through the air

heating coil, back to the bottom of the storage tank.  Simultaneously,

the blower in the air duct was actuated, thereby drawing air through the

coil and the off-peak unit and delivering it via ductwork to the rooms.
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When the room temperature increases above the "deadband" of the

thermostat, the main circulating pump and the air blower cease operation.

The heat utilization side of the system is then idle until the next call

for heat.  If, howevpr, room temperature does not rise, but rather

continues to decrease, a second contact in the room thermostat closes at

a temperature about 1°C lower than the initial set temperature.  The

internal by-pass dampers are positioned so that enough air passes through

the core to bring the air leaving the off-peak unit to a temperature of

60°C.  During the period between 6:00 am and 10:00 pm (high utility

system demand), modulating dampers in the off-peak furnace direct a

portion of the air through the hot brickwork to a section in which this

hot air is mixed with the balance of the air, then to the blower and the

rooms.  When needed at night, auxiliary electric heat is supplied

directly to the air by electric resistors in the night section of the

off-peak furnace.  Under all conditions, the air stream passing to the

rooms is at a temperature sufficient for subsequent return of the

temperature in the living space to the desired level.  At that point,

solar and auxiliary heat supply are terminated and the system is again

idle.  On days that are substantially colder than average, and at times

when stored solar heat is insufficient, auxiliary heat which has previously

been supplied to the electric storage unit is thus used.  There are no

electric heat demands during day-time utility system peaks.

4.1.3 Charging of Off-Peak Heat Storage Unit

Electric heat is supplied to the off-peak heat storage unit between

10:00 pm and 6:00 am during each night when sensors indicate insufficient

solar heat in storage for supplying all space heating requirements the

following day (until 10:00 pm), assuming no solar energy is received

during that period and that coldest design temperature prevails.  In that

case, the controller actuates switches which deliver electric energy to

the elements in the off-peak heat storage unit for a sufficient number

of hours to provide stored heat which, when added to the solar heat in

storage, will assure full heating the following day.  If controls and

monitors indicate adequate solar heat is in storage, no electricity is

used to recharge the off-peak heat storage electric furnace.  During the

Wintgr of 1978 -79, the amount of electric energy added to off-peak heat

storage Was changed eagh month to recognize the differente in heating
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requirements during the milder months and during more severe weather.

Less stored heat was required in April than in December, so the recharging

of the off-peak unit reflected those differences in requirements.

An electric duct heater is also provided'in the off-peak unit to

provide day-time electric resistance heating if needed.  At no time,

however, during the winter of 1978-79 was day-time electric heating

required, there always being sufficient solar heat and off-peak stored

electric heat to meet the demand.

4.1.4 Service Water Heating, Winter 1978-79

When space heating was required and when the water at the top

of the main solar storage tank reached a temperature 10°C higher than

the temperature in the bottom of the service hot water tank, the main

circulating pump started, and the small service hot water pump was

actuated to transfer heat into the service hot water supply in the heat

exchanger provided for that purpose.  When the temperature in the service

hot water preheat tank rose to within 2° of the temperature in the main

solar heat storage tank, the small pump was shut off.  This system

design involved use of only one pump for circulating storage water, but

service water could be heated only when space heating was also required.

If both were required, potable water was circulated through one heat

exchanger and air from the living space was circulated through the

other.

4.1.5 Solar Cooling

When the system had previously been in the solar mode, the auxiliary

valve was in a position such that water was drawn from solar storage

through the pump and returned from the absorption chiller to the bottom  .

of the storage tank.  When room temperature rose above the wall thermostat

set point, the main circulating pump was actuated, the chilled water

pump and the cooling tower pump started, and the main system blower for

air circulation through the cooling coil and the house was turned on.

If the temperature at the top of the storage tank was greater than 70'C,

the valve position remained unchanged, and the chiller generator was

supplied with hot water from solar storage.  However, if the temperature

at the top of the solar storage tank was below 70°C, the auxiliary valve

moved to the auxiliary position, and the chiller generator was supplied

with water.from the thermostatted hot water boiler to which electricity

was simultaheously SUPPlied.
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When the system had previously been in the auxiliary mode and

cooling was called for, it was supplied from auxiliary unless and until

the storage tank top temperature rose above 75'C.  When the storage top

temperature rose above 75°C, the auxiliary valve position changed

and the generator was supplied from solar storage.

The 75°C and 70°C set points were changed slightly several times

during the cooling season in order to increase cooling performance.  In

another effort to increase cooling output and COP, an automatic

tempering valve for blending outlet flow from the generator with inlet

flow to the generator was installed in the latter part of the cooling

season.  Overfiring of the generator was thus prevented and maximum COP

was obtained at storage temperatures even higher than BO°C (see

Figure 3-9).  Stratification is Also enhanced by the resulting lower

flow rates in and out of storage.

Operation of the chiller, either from main solar storage or from

the auxiliary boiler, continued until the temperature in the living .

space fell below the thermostat setting, whereupon the heat supply to

the ·chiller Was terminated. However, the other chiller operations,
(chilled water pump, cooling tower pump, and house air circulation fan)

continued for'several minutes in order that cooling capability stored
in the chiller resulting from the elevated generator temperature and the

low evaporator temperature could be fully utilized.  After this delay,

these elements were also shut off automatically.

Various controls in the absorption chiller itself regulate the

temperature of cooling water supplied to the condenser, the temperature

of the hot water supply to the generator, and the operation of the small

solution pump which circulates the absorbent liquid.

4.1.6 Service Hot Water Heating in Summer

A "conventional" position of the service hot water heat exchanger,

which provides djrect exchange from main storage to service hot water

via two small pumps and a heat exchanger, is shown in Figure 4-1C.  When

the temperature in main storage exceeds the temperature in the bottom

of the service hot water preheat tank by 10°, the two pumps are actuated

and heat is transferred to the service hot water.  When this temperature

difference falls below 2°, the pumps are shut off.  If the temperature
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in the preheat tank exceeds 60 C no further energy is supplied from the

main tank.  As water is drawn from the service hot water system, cold

water enters the preheat tank and warm water flows from the preheat

tank to the auxiliary electric hot water heater.  If the temperature in

the electric water heater falls below the thermostat setting in that

tank, electricity is automatically supplied and the temperature of the

water is raised to the thermostat setting.

4.2  CONTROLS

Table 4-1H and 4-1C show, for winter and summer seasons, the various

modes of operation, the conditions applicable to each mode, and the

position or operation of the various elements which control air and

liquid flow.  In reality, the question of whether cooling or heating

was required is answered by the same instrument, the house thermostat,

with different contacts and settings applicable to each function.

It is seen that space heating and water, heating, and the storing of

solar and auxiliary heat, involved nine operating modes, the last two of

which are the absence of heat supply or demand.  Seven temperature

sensor conditions and one time-of-day condition, under the category,

"Conditions," controlled the ten operating components in the "Motors and
Switches" category to provide each type of system operation.  Some of
the sensors, such as the two-stage hpuse thermostat, detected a difference

between an actual temperature and a preset value, whereas others were

used in circuits which detected differences between varying temperatures

at two locations in the system.  The table shows that each operating

mode was implemented by a sensor condition being met (Y = yes) and other

sensor conditions either not being met (N = no) or not being relevant (X).

Motors and switches,which drove pumps, fans, damper and valve

motors, and electric heating elements were actuated by relays receiving

signals from the sensors.  Operation is indicated by Y (yes), and the

idle condition is N (no).  The symbols 0 and C indicate whether dampers

and valves are open or closed, respectively.  The X symbol indicates

that in the applicable operating mode, the  sensor condition and the

motor-switch function are not relevant, and could be either Y or N, 0 or

C.    The X symbol  also  appl ies to conditions and functions  in  an
operating mode that may be occurring simultaneously with another



Table 4-1H.  Truth Table for Winter Modes of Oper
ation

OPERATION CONDITIONS K   MOTORS AND SWITCHES
Cr       . ' . : .
*'
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Winter Modes

i    Collecting Solar Heat Y     X     X     X     X     X     X     X     Y     Y     X     X     X     XXX     X     X

0 Charging off-peak electic        X     Y     X     N.Y.X     X     X     X     X     X     X     X     X     X     Y     X     X

e Space heating from solar**     X    XYN    X    X    X    X    X    X    Y    X    Y    O    C    AN    X
• Space heating from solar

plus auxiliary at night
(10 pm to 6 am) X    X    Y    Y    Y    X    XXX    X    Y    X    Y    CON    Y    X

0    Space heating from
solar plus auxiliary
during.day (6am to lOpm)          X      X      Y      Y      N      X      X      X      X      X     Y      X      Y      CO      N     N      X

8    Service·hot water heating-
solar** XXX    X    X    Y    N    X    X·  X    Y    Y    X    X    XI    X    X

e    Service hot water

heating-auxiliary X X X X X X X Y X X X X X X X X X Y

•    110 energy supply or demand     N    N    N    N    X    N    X    N   N   N N NIX X NNN

•    Solar service hot water
overheated X X X X X X Y X X X X N X X X X X X

Nitel:
Temperature difference necessary to start collecting.  Collection continues until temperature difference falls below 2•C
**Solar supply to space heating and hot water is always from solar storage

f    .multiplying f ctor Y -Yes
TFC  . temperature from collector· N -No
STB  • temperature at bottom of storage 0. Open
OPCM • off-peak core·temperature C = Closed
STM • mean telnperature in storage X " does not matter
THD  • temperature of house air
STT . 'pill./r.'.'n .' t.. If .t..'In ·



Table 4-1C.  Truth Table for Summer Modes of Operation

OPERATION CONDITIONS MOTORS AND SWITCHES
C'
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• U              U
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ifiSEE::        . -
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Sunmer Modes

•    Collecting Solar Heat        .Y    X    X    X    X    X    X    Y    Y    X    X    X    X    X    X    X    X    X    X

e    Space Cooling from Solar"   X    Y    N    N    X    X    X    X    X    Y    C    Y    Y    Y    S    Y    X    N    X

•   Space Cooling from Solar    X   Y   Y   N   X   X   X   X   X   Y   O   Y   Y   Y   S   Y   X   N   X                                                         
•    Space Cooling from

Auxiliary I N N Y X X X X X Y O Y Y Y A Y X Y X
•    Service water**

heating-solar XXX  X  Y  N  X  X  X  X  X  X  X  X  X  X  Y  X  X
•  . Service service

water tank overheated        X    X    X    X    N    Y    X    X    X    X    X    X    X    X    X    X    N    X   X
•    Service water

heating-auxiliary XXX X.X X Y X X X XXX K X XXX Y
0    No solar heat collection

or demand H N N N M N N N M N X N N N X N N M N

Notes:

*Temperature difference necessary to start collecting.  Collection continues untll temperature difference falls below 2'C.
**Solar supply to space cooling and hot water is always from solar storage

TFC  = temperature from collector Y c Yes
STB  = temperature at bottom of storage N. No
THO  = temperature of house air 0 = Open
STT  = temperature at top of storage C = Closed
TPB  . temperature at bottom of·service water preheat tank X n does not matter
TPT  . temperature at top of service water preheat tank S . value in solar position
TSHW  =  temperature of service hot water  in auxil ;ary heater A • value in auxiliary heating position
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mode, such as solar heat collection and space heating from solar with

or without auxiliary.  Charging off-peak electric storage simultaneously

with service water heating represents another example.  The truth table

can be read, in such situations, by combining the two modes, replacing X

symbols in each with the condition N, Y, 0, or C shown in the other

simultaneous mode.

Table 4-1C applicable to the cooling season is equivalent to

Table 4-1H but with seven modes (plus a minor subdivision of one), seven

sensor conditions, and 12 motor-switch functions.

/
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5.  THERMAL PERFORMANCE EVALUATION

An easily understood report should have a structure that allows the

reader to grasp salient points without having to repeatedly refer to other

parts of the text.  In dealing with a complex topic requiring defini-

tion of numerous quantities, the nomenclature must be meaningful and

consistent.  Otherwise, the reader will be faced with the task of

memorizing a large number of definitions before he can begin to read and

understand the report.  This section contains a thermal performance

evaluation structure based on recommendations in the IEA Reporting

Format report [11].  The nomenclature is based on that given in the IEA

document with a few additions, changes, and standardizations which were

nfeded to make definitions more self evident and consistent.  The
standard nomenclature designators are shown in Tables 5-1 through 5-4.

The structure and nomenclature were established to best meet several

objectives.  The first is to be able to make a direct and easily understood

thermal performance comparison with conventional space heating, space

cooling, and service hot water heating systems.  A second is to make

results understandable by both the technical and semitechnical reader.

The third is to associate appropriate measures of th4rmal performance

with distinguishable subsystems so that performance changes, operating

malfunctions, and measurement errors can be readily traced to their

source.

The specifications of Table 5-1 allow immediate identification

of the subsystem in which the measurement or energy flow is occuring.

Quantities summarizing overall system performance are also readily

identified.  Specifications in Table 5-2 identify the form of the

energy or what type of quantity is represented, such as a temperature or

a performance indicator.  Table 5-3 is particularly important in pro-

viding a designator which identifies the source of values used in the

tables and figures in this report, that is, whether based on measured or

estimated quantities.  By reserving the designators in Table 5-4 for

specific types of energies applicable to most or all subsystems,

the total number of definitions that need to be associated with different

designators may be reduced.
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Table 5-1.  Subsystem Designations

Number
Sequence Subsystem/Data Group

001-099 Climatological
100-199 Collector subsystem
200-299 Storage subsystem
300-399 Domestic hot water subsystem
400-499 Space heating subsystem
500-599 Space cooling subsystem
600-699 Building and system summary

Table 5-2.  Quantity or Energy Form Designations

Preceding
Letter Quantity or Energy Form

E                     Electrical energy
F                     Fossil or chemical energy
N                     Performance indicator
Q                     Thermal energy
S                     Solar irradiant energy
T                     Temperature
W                    Flow

Table 5-3.  Method of Evaluation Designation

Appended
Letter Method of Evaluation

M                Measured or calculated solely from measured
quantities

E                Estimated or calculated solely from estimated
quantities

C                Calculated from measured and estimated quantities

Table 5-4.  Reserved Designations Applicable to All Subsystems

Number Designation

-00 Controlled energy from other subsystems
-01                Auxiliary energy
-02 Controlled energy to other subsystems

(also cooling requirements satisfied)
-03 Operating energy
-04 Total heat loss
-05 Energy stored
-06 Total energy from other subsystems
-07 Total energy to other subsystems
-50 Usable heat loss
-52 Unusable heat loss
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5.1  THERMAL PERFORMANCE FACTORS

To clearly indicate what measurements were made and what quantities

are being reported, the following energy quantities, temperatures, and

thermal performance indicators are defined.  The thermal performance

factors defined were calculated for hourly, daily, or monthly periods.

5.1.1 Energy Quantities

Figure 5-1H displays the energy quantities relevant to the 1978-

1979 heating season.  Figure 5-1C displays the 1979 cooling season                     I

quantities.  Figures 5-2H through 5-5H provide a more detailed break-

down of the energy flows and quantities, illustrate calculations, and

indicate which quantities were measured, estimated, and calculated.

Figures 5-2C through 5-5C provide the same information for the cooling

season.  Energy quantities shown in the Notes pertaining to each

subsystem (Figures 5-2 through 5-5) are identified in the accompanying

flow diagram or in the total system diagrams, Figures 5-1H and 5-1C.

Table 5-5H lists the energy quantities that were used in evaluating

thermal performance during the 1978-1979 heating season.  Table 5-5C

lists those quantities relevant to the 1979 cooling season.  Both the

current CSU acronyms and proposed IEA acronyms are indicated

as are the periods for which computations have been performed.

Though many of the quantities in Figures 5-2H through 5-5H and

5-2C through 5-5C are not designated M, E or C, sufficient information

is avai]able for calculation of these quanttties if desired.  For example,

the operating hours for the collector were recorded hourly and daily so

that an accurate calculation of individual values (Figure 5-2H) of ·E120,

E121, Q159, and Q163, based on known characteristics of the pumps and

motors, could be made.  Consequently, Q200 can be calculated.  The

figures do reflect precisely the values and calculations used in the

evaluation of performance in Solar House I.

5.1.2 Thermal Performance Indicators

Table 5-6H provides definitions, descriptions, and formulas for the

thermal performance indicators used in the evaluation of thermal

performance during the heating season.  Similar information is shown

in Table 5-6C for the cooling season.
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Figure 5-2H.  Collection System Energy Flows, Winter 1978-1979
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Energy stored in the collection system, Q105, is generally lost overnight
0150 = Q155 + Q157 + Q159 + Q161 + Q163
0152 = 0154 + Q156
Q104 = Q150 + Q152
In summer 1979 performance calculations Q112 is used as "Solar energy delivered

to main storage" in place of Q200

Figure 5-2C.  Collection System Energy Flows, Summer 1979
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Q256 Q257
(Heat loss (Heat loss
from pipes from pipes
and vents and vents

to outside) to building)

t   t
MAIN
STORAGE

Q200 Q205M Q202M

(Solar energy -0 (energy ---4* (Controlled

to storage) stored) ·solar energy
usage)

1           .1
.· 0254 Q255
(Heat loss (Heat loss
from tank from tank

to outside) to building)

NOTES:

Q112 is used as "solar energy to storage" in place of Q200
Q202 = Q412 + Q312
0 2 04M = 0 21 1 M - & 0 2 0 5M - Q41 1 M - Q 31 OM
0204E is calculated.using loss coefficients determined by

overnight heat loss experiments with the. vents closed
Q250 = Q255 + Q257
Q252 = Q254 + Q256
Q250 = Q204M if space heating is performed during the day

and is zero otherwise
Q252 = Q204 - Q250

Figure 5-3H.  Storage System Energy Flows,
Winter 1978-1979
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Q256 Q257
(Heat loss (Heat loss
from pipes from pipes
and vents and vents

to outside) to building)

t

MAIN                                                  
STORAGE

Q200 Q205M Q202M
(Solar.energy --0 (energy ----1,(Controlled
to storage) stored) solar energy

usage)

1 5 1    4
Q254 Q255

CHeat loss (Heat loss
from tank from tank

to outside) to building)

NOTES:

Q112 is used as "solar energy to storage" in place of Q200
Q202 = Q412 + Q312
Q2 04M = 021 1 M - AQ 2 0 5M - Q411 M - Q 31 OM

Q204E is calculated using loss coefficients determined by
overnight heat loss experiments with the vents closed

Q250 = Q255 + Q257
Q252 = Q254 + Q256
Q250 = Q204
Q252 = 0

Figure 5-3C. Storage System Energy Flows,
Summer 1979
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(Electrical (Electrical

energy to
energy

pump)
input)

(Q410

Q400 (Controlled Q411 Q412M Q413

(Solar.        1 solar (Solar (Solar (Solar            V       E401M

energy energy energy tc .nergy to energy to OFF-PEAK (Electrical

to space to space DOMESTIC space space space ELECTRIC energy

heating) heating) HOT WATER heating) ENERGY heating) SPACE heating HEAT STORAGE input)

- PUMP HEAT TRANSPORT HEATING AUXILIARY

EXCHANGER COIL Q405C                         g
(energy
stored)

4                              4                                4
Q455 Q355 Q459 Q461

(Heat (Heat (Heat (Heat

loss to loss to loss to loss to
building)

building) building) building)

NOTES:

Q412 is used as "Solar energy to space heating" in place of Q400.

Q461 is Consi dered to be zero and all of E401 is eventually apportioned to Q402,

though with some lag, for the winter 1978-1979 perfonnance calculations

Figure 5-4H.  Space Heating System Energy Flows, Winter 1978-1979



E 520 M E 501 M E 521 M E 522 M
.(ELECTRICAL ENERGY (AUXILIARY ENERGY) (ELECTRICAL ENERGY (ELECTRICAL ENERGY

TO PUMP) INPUT) TO PUMP)

0500       w      ·0510          v                                                   V          0513      1     0514, (Solar Energy to r---1 (Solar Energy to Q 511 0512 M (Space Cooling r---1 (Space Cooling Q 502M
Space.Cooling)   Space Cooling) (Energy to Chiller) ENERGY (Energy to Chiller) ABSORPTON WATERAUXILIARY

Accomplished) 1 PUMP |- Accomplished) ENERGY  Space Cooling Load)*  PUMP I
3' ELECTRIC 1. I   CHILLER AND .  7TRANSPORT TRANSPORTL_.1 BOILER - COOLING TOWER

0563                                       10561 Q 565
Q555 Q557 Q559 (Heat Loss (Heat Loss

or Goin (Heal Gain
(Heal Loss. (Heat Loss (Hea1 Loss to Building) From Building)from Building)to Building) to Building) to Building)

E 523 M E 524M 0'
(ELECTRICAL ENERGY (ELECTRICAL ENERGY -

TO PUMP) TO FAN)

Q 560 M Q 568 Q 570
(Heot Loss to Outside r-- -1(Heat Loss to Outside (Heat Loss to Outside

via Cooling Tower) *|PUMPI via Cooling Tower  COOLING via Cooling Tower)
TOWER /

NOTES: Q 511 = Q510 or  E 501, depending on whether solar or auxiliary Q 567
is being used. Solar and Auxiliary are not used al the same time. (Heat Loss

to Building)0512 is used as "Solar Energy to Space Cooling" in place of 0500.

E 503 = E 521 + E522 + E 523+ E 524

Q540 solar space cooling = Q 512 - E 501

054 I solar cooling supplied  = Q 502 When Solar Energy is Used

Figure 5-4C. Space Cooling System Energy Flows, Summer 1979



E403M E303M E301M(Electrical (Electrical (Auxiliaryenergy to energy to
pump) energy)

p Jmp)

Q300 Q31OM Q311 Q312M Q313C
(Splar         * (Controlled (Solar (Solar (Solar Q302Csolar energy to energy to energy to V      (Domesticenergy

domesticto DHW) preheat -5mTIFIRTAT- hot water ELECTRIC hot waterenergy,
usage) DOMESTIC hot water) tank) TANK heater)   HOT WATER loadD     PUMP HOT·WATER PUMP Q340 HEATERHEAT

(energy Q341EXCHANGER Stored) (energy

4            -                   4               4               .1                     8
stored)

Q455 Q357 Q359 0361E Q363(Ileat (Heat (Heat (Heat (Heatloss to loss to loss to loss to loss tobuilding) building) building) building) building)

NOTES:

Q313 = Q312 - Q361
0305 = Q340 + Q341
E303, E120 and E 121 are measured collectivelyQ312 is used as "Solar energy to the preheat tank" in place of Q300Q350 = Q361
Energy can only be sent to the domestic hot water preheat tank when energy·is flowing to the space heating load.  When energyis being sent tothe preheat tank, only a portion:·of the energy flow from storage,

0202, flows.to preheat.

Figure 5-5H.  Domestic Hot Water System Energy Flows, Winter 1978-1979



E32OM E321M E301M

(Electrical (Electrical (Auxiliary

energy to energy to energy)

pump) pump)

Q31 OM                 Q311 Q312M Q313C
Q300          „ (Controlled (Solar . (Solar (Solar       v        Q302C
(Solar solar . energy to
energy energy domestic
o DHW) usage hot water) tank) heater load)

DOMESTIC
Sergh a o     DHW  P EKHEAT     noetr yat or      C  ICER       m    cr

PUMP HOT WATER PUMP Q340 1._ HEATER
HEAT (energy Q341

EXCHANGER stored) (energy
stored)                              8

1              4
Q455 Q357 Q359 Q361E Q33
(Heat (Heat (Heat (Heat (Heat

loss to loss to loss to loss to loss to

building) building) building) building) building)

NOTES:

E303 = E320 + E321
E303, E120 and E121 are measured collectively
Q305 = Q340 + Q341
Q312 is used as "Solar energy to the preheat tank" in place of Q300
Q305 = Q361

Figure 5-5C.  Domestic Hot Water System Energy Flows, Summer 1979
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Table 5-5H.  Solar House I Reported Energy Quantities, Winter 1978-1979

Calculation
IEA CSU Definition Period

Acronym Acronym Hour  Day  Month

Collection and Storage Subsystems

Sool S45     Total solar incident in the aperture plane per unit area XX
5003 S450 Total solar incident in the aperture plane while collecting

per unit area                                                          X
5005 S45 Total solar incident in the aperture plane on the collector

aperture  (5001 x A)                                                       x
5006 Total solar incident iA the aperture plane on the collector

(WWxA)                                                                 x
5007 5450 Total solar fncident in the aperture plane on the collector

aperture while collecting (5003 x A)                           x          x
5008 Solar incident in the aperture plane oA the collector while

collecting (5003 x Ac)                                           X          X
Q100 Solar energy collected
E103 ELECS*  Operating energy for solar collection XX
Q111       QU      Solar energy delivered to the collector/storage heat exchanger

(includes a minor energy contribution from the collector pump) x XX
Q153 Heat loss occurring between collector and main storage tank
Q202 QSOLAR  Controlled solar energy used for space heating and hot water             x
Q204E QTLOSS  Heat loss from main storage tank, estimated XX
Q204M Heat loss from main storage tank, measured

(Q112 AQ203 - Q412 - Q312)                                                X
Q212 QSHB Storage energy transferred to the load subsystems in a controlled

manner calculated by a heat balance (0112 - AQ203 - Q204)             x

Energy Conversion and Distribution Subsystems

E301 QHWE Auxiliary energy delivered to the domestic hot water heater        x     x    x
E303 ELECS*  Operating energy for delivery of energy to the preheat tank XX
AQ305 DELQPH  Change in service hot water system stored energy                         x
Q312 QPH Solar energy delivered to the domestic hot water system

(preheat tank)                                        ·             x     x
Q313 QSHWS Energy transferred from the preheat tank to the service hot

water tank X     X
Q340 HBPH Heat balance on preheat tank (Q312 - Q313 - AQ305 - Q350)                x
Q350 QPHL Usable heat loss from the service hot water system, heat loss

from the preheat tank, estimated XX
Q352 QHWL Nonusable heat loss from the service hot water system, heat

loss from the service hot water heater tank, estimated XX
E401 Energy to the off-peak auxiliary                                   x     x    x
Q402 QLOAD "Controlled" energy to space heating load (loss from the

& HLDM off-peak unit is included) XX
Q412 QPCS Solar energy to space heating                                                  x
Q442C QPCE Auxiliary energy to space heating; apportioned from E401, with

& QAUX some lag, using off-peak core storage temperature measure-
ments (loss from off-peak unit is included) XX

Building and Summary

Q600 Controlled energy to building   (Q402 + Q302) XX
Q601 Total auxiliary energy (Q401 + Q301) XX
Q603 Total operating energy (Q103 + Q300)
Q604C SLA Calculated heat loss (Q204M + Q305E) XX
Q604E Calculated heat loss based on estimates (Q204E + Q35OE)
Q606 Total energy supplied (Q610 + Q302)
Q607 Total solar energy supplied  (Q611 + Q313) XX
Q610 Calculated energy delivered to space heating (Q611 + Q442) XX
Q611 Calculated solar energy delivered to space heating  (Q412 + Q650C) XX
E613 Operating energy for the solar energy system  (E 103 + E320) XX
Q650C USLA Useful calculated heat loss (equal to Q604C if space heating

was required during the day and equal to zero otherwise) XX
Q65OE Useful calculated heat loss based on estimates (equal to Q604E

if space heating was required during the day and equal to zero
otherwise)

*ELECS includes both solar collection and solar delivery to service hot water

Note: .Most of the summary and indicator quantities have been defined from
directly measured quantities as and where measured.  No corrections
have been made to bring them into closer correspondence with the IEA
data requirements documentation [11].
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Table 5-5C.  Solar House I Reported Energy Quantities, Summer 1979

IEA CSU Calculation

Acronym Acronym Definition Period

Hour  Day  Month

Collection and Storage Subsystems

Sool 545 Total solar incident in the aperture plane per unit area X    X

S003 S450 Total solar incident in the aperture plane while collecting
per unit area                                                          X

5005 545 Total solar incident in the aperture plane on the collector
aperture (Q001 x Aa)                                                       X

S006 Total solar incident in the aperture plane on the collector

(Q001 x Ac)                                                                X
S007 5450 Total solar incident in the aperture plane.on the collector

aperture while collecting (Q003 x Aa)                          X          X

5008 Solar incident in the aperture plane on the collector while
collecting (Q003 x Ac)                                         X          X

Q100 Solar energy collected
E 103 ELECS* Operating energy for solar collection X     X

Qlll      QU       Solar energy delivered to the collector/storage heat exchanger
(includes a minor energy contribution from the collector pump) X     X    X

Q153 Heat loss occurring between collector and main storage tank
Q202 QSOLAR Controlled solar energy used for space cooling and hot water           X
Q204E QTLOSS Heat loss from main storage tank, estimated X     X

Q204M Heat loss from main storage tank, measured
(Q112 - AQ203 - Q412 - Q311)                                               X

Q212 QSHB Storage energy transferred to the load subsystems in a controlled
manner calculated by a heat balance (Q112 - AQ203 - Q204)            X

Energy Conversion and Distribution Subsystems

E301 QSHWG Auxiliary energy deliveted to the domestic hot water heater     X    X   X
E303 ELECS* Operating energy for delivery of energy to the preheat tank X     X

AQ305 DELQPH Change in service hot water system stored energy                       X

Q311 QPH Solar energy delivered to the domestic hot water system
(preheat tank) XX

Q313 QSHWS Energy transferred from the preheat tank to the service hot
water tank X      X

Q340 HBPH Heat balance on preheat tank (Q311 - Q313 - AQ305
- Q350)              X

Q350 QPHL Usable heat loss from the service hot water system,f heat loss

from the preheat tank, estimated X     X

Q352 QHWL Nonusable heat loss from the service hot wateE system, heat

loss from the service hot water heater tank, estimated X     X

Q501 QAIRCG Auxiliary energy to space cooling

& QAUX
X     X

Q502 QCOOL Space cooling load X X X& CLDM

Q512 Energy delivered to space cooling X     X

Q540 QAIRCS Solar energy to space cooling                                              
  X

Q541 QCOOLS Space cooling by solar X X X

Q560 QCTR Heat loss to outside via cooling tower                           X

Building and Summary

X     X
Q600 Controlled energy to building (Q502 + Q302) X     X
Q601 Total auxiliary energy (Q501 + Q301)

Q603 Total operating energy (Q103 + Q300)

Q604C SLA Calculated heat loss (Q204M + Q305E) X     X

Q604E Calculated heat loss based on estimates (Q204E + Q35OE)

Q606 Total energy supplied (Q512 + Q302)

Q607 Total solar energy supplied (Q540 + Q313) X     X

E613 Operating energy for the solar system (E103 +
E320) X     X

Q650C USLA Useful calculated heat loss (equal to Q604C if space heating

was required during the day and equal to zero otherwise) X     X

Q65OE Useful calculated heat loss based on estimates (equal to Q604E

is space heating was required during the day and equal 
to

zero otherwise)

*ELECS includes both solar collection and solar delivery to service hot wat
er

Note:  Most of the summary and indicator quantities ha
ve been defined from

directly measured quantities as and where measu
red.  No corrections

have been made to bring them into closer correspondenc
e with the IEA

data requirements documentation [11].



Table 5-6H.  Solar House I Thermal Performance Indicators
Winter 1978-1979

Calculated
IEA    CSU Definition and Formula period

Acronym 1 Acronym Hour  Day Month

N100 Collector efficiency (aperture basis) (Q100/S005)
N101 Collector efficiency (gross area basis) (Q100/5006)
N103 EFFT, &  System collection efficiency (aperture basis) (Q111/5005) X     X

,
CE

N104 EFFO System collection "collector on" efficiency (Q111/5007) X     X
(aperture basis)

N105 System collection efficiency (gross area (Q111/S006) X     X
basis)

Nl 06 System collection "collector on" efficiency
(gross area basis) (Q111/5008) X X  me

N401 PCTHTS   Solar fraction space heating (Q611/Q610) X     X
N301 PCTSHWS  Solar fraction service hot water (Q313/Q302) X     X
N601 Total solar fraction [(Q313 + Q611)/Q606] X     X



Table 5-6C.  Solar House I Thermal Performance Indicators
Summer 1979

1 IEA 1 CSU 1

Calculated
Definition and Formula period

 Acronym Acronym
  Hour  Day Month

N100 Collector efficiency (aperture basis) (Q100/S005)
Nl 01 Collector on efficiency (gross area

(Q100/S006)         
basis)

N103    EFFT, & System collection efficiency v (Q111/5005) X    X
CE           (aperture basis)                                                 1N104 EFFO System collection "collector on"

(Qlll/S007)               X    X
efficiency (aperture basis)

N105 System collection efficiency (gross area (Q111/S006) X     X
basis)

1

e
N106 System collection "collector on" efficiency (Q111/5008) X X  V

(gross area basis)
N301 PCTSHWS Solar fraction service hot water (Q313/Q302) X    X
N501 PCTARCS Solar fraction space cooling (Q540/Q512)                X    X
N502 Solar fraction cooling supplied (Q541/Q502) X     X
N503 '

Thermal cooling COP (Q502/Q610)               X    X
N601 Total solar fraction [(Q313 + Q540)/Q6062 X     X
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5.1.3 Temperatures and Miscellaneous Quantities

Table 5-7 provides definitions and descriptions of temperatures and

additional quantities used in the evaluation of thermal performance

during the heating season.  A complete list·of measurements on which

thermal performance computations are based is shown in Table 5-8.

5.2  MONITORING SYSTEM

Data monitoring was accomplished both in batch and real time modes.

Both systems are described in this section.  The primary purpose of the

real time mode is to facilitate the detection of faults in data procurement

and system operation.  Faults are identified primarily by visual in-

spection of the data, but a statistically based approach is being developed

for automatically comparing the measured values of key variables with

their expected values.

To improve the accuracy and continuity of the results, several

important variables were verifi.ed by readings with redundant instrumenta-

tion.  Collector flow rate was measured by use of individual flowmeters

in each of the three collector subarrays and another in the total flow

conduit.  Temperature difference measurements were made across the

collector and across both sides of the collector/storage heat exchanger.

An additional flowmeter is located on the storage side of the collector/storage

heat exchanger loop.  Additional identical pyranometers are positioned

at the same slope on adjacent Solar Houses II and III to provide checks

on Solar House I radiation measurements.  More sensor redundancies are

planned for the next reporting period.

5.2.1 Instrumentation

Solar radiation was measured with an Eppley precision pyranometer

placed in the center of the collector array and aligned with the collector

aperture plane.  Fluid flow rate was measured by Cox turbine flowmeters,

and temperatures and temperature differences were measured by copper-

constantan reference thermocouples and five junction thermopiles. The

accuracy of the instruments used in the investigation is shown in

Table 5-9.  Figure 5-6H shows the location of the sensors during the

1978-79 winter, and Figure 5-6C provides the same information for

the 1979 summer season.
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Table 5-7.  Solar House I Temperatures and Other Quantities
1978-1979

' Calculated
IEA CSU Definition period

Acronym Acronym Hour  Day Month

T113 TOD Average ambient dry bulb temperature                                 X     X<  X
T406 THD Average indoor dry bulb temperature                                  X     X    X
T114 TODO Average ambient dry bulb temperature while collecting

weighted by incident energy while collecting X    X
T200 TSTOR Average main storage temperature                                     X     X    X
T201 TSTORO  Average main storage temperature while collecting

weighted by incident energy while collecting X    X
HOURO Collector operating hours X    X

(31

HWLIT Hot Iwater usage   i n   liters                                                                                                           X                                          w



Table 5-8.  Data Collected

CSU IEA CSU IEA

Acronym Acronym Description Acronym Acronym Description

IBE E501 ntegrated boiler electric TTHR - Temperature to heat rejector
ISH45 Sool ntegrated solar radiation at 45° - Test Bed (TB) STB T205 Storage tank bottom temperature

ISH45FP Sool ntegrated solar radiation at 45° - Flat-Plate (FP) STM T205 Storage tank middle temperature
IFC W111 ntegrated flow collector (TB) SIT T205 Storage tank top temperature
IFA3 Wloo ntegrated flow array 3 TPB -       Temperature preheat tank bottom
IFA2 Wloo .ntegrated flow array 2                                    TP         -       Temperature preheat tank top
IFAl Wloo ntegrated flow array 1 ™2L T100 Temperature module #2 lower interior
IFCFP Wlll      ntegrated flow collector (FP) ST10 T205 Storage tank #10 (top)
IFHR -      _ntegrated flow heat rejector ST9 T205 Storage tank #9
IOPEL E401 ntegrated off-peak electric ST8 T205 Storage tank #8                                                         -

IFCT W560 ntegrated flow cooling tower ST7 T205 Storage tank #7
IFCH W512 ntegrated flow chiller ST6 T205 Storage tank #6
IFL W411,500    ntegrated flow load ST5 T205 Storage tank #5
DTCHX 8Tl 11 -her,nopile across collector heat exchanger ST4 T205 Storage tank #4
IHWEL E301      ntegrated hot water electric ST3 T205 Storage tank #3
IPl EL E420 ntegrated pump 1 (load plmp) electricity ST2 T205 Storage tank #2
ISEL E120+ .ntegrated solar electric STl T205 Storage tank #1 bottom (cold)

E121+
E303 ..J

IFPEL -      Integrated flat-plate electric TTSHX T111 Temperature to storage heat exchanger 0
DTA3 8Tloo Thermopile across array 3 DTSHX AT111 Thermopile across storage heat exchanger

DTA2 AT100 .Themopile across array 2 TFC T111 Temperature from collector (TB)
DTAl AT100 Thermopile across array 1 TTC T111 Temperature to collector (TB)

DTL AT412,AT512 Thermopile across the load heat'exchanger OPCM -      Off-peak core  (mV)
IWIND W009 Integrated wind IFSHX W111 Integrated flow to storage heat exchanger
IP3OT -      Integrated pump 3 on time - storage heat exch pump TTA3 T100 Temperature to array 3
HWBTU -      P6 indicator ON/OFF, Hot water heat exchanger pump TTA2 T100 Temperature to array 2
P7IND -      P7 indicator ON/OFF, Auxiliary boiler pump TTAl T100 Temperature to array 1

V3IND -      V3 indicator ON/OFF, Load = 0, By-pass = 180 my TM6U T100 TM6 upper interior thennocouple

V2IND -      V2 indicator position, Solar = 0, Auxiliary = 180 mV TM5U T100 TM5 upper interior thermocouple

TTPH T310 Temperature to preheat heat exchanger (tank room) TM3U T100 TM3 upper interior thermocouple
TTALL -      Temperature trailer ambient liquid-liquid TM1U T100 TM1 upper interior themocouple

TBTTL -      Temperature bottom tank liquid.liquid TTCFP T111 Temperature to flat-plate collector
TCTLL -      Temperature center tank liquid-liquid TT1FP T408 Temperature to #1 flat-plate collector
TTTLL -      Temperature top tank liquid-liquid TT9FP T100 Temperature to #9 flat-plate collector
TRA T600 Temperature of return air TT13FP T100 Temperature to #13 flat-plate collector
TSA T402 Temperature of supply air TF13FP T100 Temperature from #13 flat-plate collector
TDP -      Temperature dew point TF12FP T100 Temperature from #12 flat-plate collector
TOD T001 Temperature of the outside air (dry bulb) TF11 FP T100 Temperature from #11 flat-plate collector

THD T600 Temperature of the house air TF10FP T100 ,Temperature from #10 flat-plate collector
TPM Temperature of preheat middle TF9FP T100 Temperature from #9 flat-plate collector
TSHW T302 Temperature service hot water TF8FP T100 -

Temperature from #8 flat-plate· collector

TFCT T560 Temperature from cooling tower TF7FP T100 Temperature from #7 flat-plate collector
TTCT T560 Temperature to cooling tower TF6FP T100 Temperature from #6 flat-plate collector
TFAC -      Temperature to alternate coil TF5FP T100 Temperature from #5 flat-plate collector
TTAC -      Temperature to alternate coil TF4FP T100 Temperature from #4 flat-plate collector
TFL T412,T512 Temperature from load TF3FP T100 Jemperatuce_from #3 flat-plate collector
TTL T412,T512 Temperature to load TF2FP T100 Temperature from #2 flat-plate collector
TRT -      Tank room temperature TF1 FP T100 Temperature from #1 flat-plate collector
TFHR -      Temperature from heat rejector TFCFP T100 Temperature from flat-plate collectors
DTPH - AT310 Thennopile across preheat heat exchanger ·TSHW T302 Temperature to service hot water
IFHW W302 Integrated flow of hot water DTCT AT560 Thenmopile across cooling tower
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Table 5-9.  Solar House I Sensor Accuracy

INSTRUMENT TYPE ACCURACY ACCORDING TO
MANUFACTURERS SPECIFICATIONS

Pyranometer +1% at direct sunlight
incidence angles close to
normal

Eppley PSP 3 to 4% at higher incidence

angles

Flow Meters +0.5% of full scale reading
Cox Turbine, Series 21 within the 8% to 100% linear
3/4"-30 gpm & 1/2"-15 gpm flow range

Thermocouples +0.50 Celsius or
Type T; Special limits 0.4% of reading

Thermopiles                                  2%
Type T; 5 junction

Electric Meters -0.5%
Westinghouse - Watt-hr meters                                             
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5.2.2 Data Acquisition

The data acquisition system shown in Figure 5-7 consists of a Doric

data logger which scans 100 channels of data every ten minutes.  The

channel readings consist of temperatures from 45 thermocouples,

temperature differences from 13 thermopiles, 12 integrated liquid

flows, and 15 other integrated values (from electric meters, and

thermal energy meters).  The analog signals are digitized by the data

logger.  The data logger also linearizes the signals from the thermo-

couples and converts them to degrees Celsius.  The data are stored on

magnetic tape by a Kennedy seven track tape recorder and are processed

monthly by a CDC Cyber 172 computer.

Simultaneously with recording on tape, the information from the

data logger is input via an RS-232 interface controller to a Wang model

220OT minicomputer with a dual floppy disc, CRT/keyboard, plotter,

and printer.  Every ten minutes the Wang program analyzes the data and

prints selected channel values, calculated energies, heat and mass flow

balances, and warnings of unusual values.  Summaries of data are also

printed each hour and at the end of the day.  Early detection of faulty

system operation and of faulty data due to sensor or integrator failure

is provided by computer comparison with predetermined statistical results.

A real time load simulation for the second collector/storage system

is also supplied by the Wang minicomputer.

5.3  DATA REDUCTION METHODS

Magnetic tape data are processed monthly.  The energy quantities

listed in Table 5-5H and 5-5C and the quantities listed in Tables 5-6H,

5-6C, and 5-7 were calculated by the primary data processing

program.  IEA nomenclature in Table 5-8 can be used to locate the

measurements by finding the energy quantities in Figures 5-1H through

5-5H and 5-1C through 5-5C with numbers that correspond.

Thermal energy quantities transferred through the hydronic

system are calculated by an approximation to the equation:

Q=ffAC dtdT= ffpVC dtdT .

Density and heat capacity are approximated by first order polynomial

fits (maximum error = 0.5%) to National Bureau of Standards data for
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ethylene glycol solutions.  Total flow for ten minutes and instantaneous

temperatures are used to approximate energy rate by the equation:

Q =   fTO P(T)Cp(T) dT  ft2 9(t) dt .
T.

1                                t
1

The validity of energy flow calculations is checked by daily heat

balances on the storage tanks.  Overall heat balances usually close to

within a few percent.  Heat balances on the storage tanks are made by

c6mparing actual storage losses with estimated storage losses.  The

difference between the two is the unaccounted for energy for the day. ,

Definitions and equations used for the energy quantities are shown in .
Appendix B.

With the exception of 6Q205 and AQ305, energy quantities are                 I

calculated for each ten-minute period and then added for hourly, daily,

and  monthly data summaries. The quantities of .energy  in the storage  and                    I

domestic hot water preheat tanks (AQ205 and AQ305) are calculated at the

end of each day (midnight) and used in the daily heat balance.

A list of the hourly data printed and a sample printout are pre-

sented in Table 5-10.  Definitions of quantities in Table 5-10 are given

in Tables 5-5C, 5-6C, and 5-7C.  Hourly data are used for observation of

performance and operation of the solar and instrumentation systems

as well as for examination of the data processing itself.  Modifications

to the data are made, or alternate sensors are used in accordance with

entries in the daily operations log.  When discrepancies are noted,

scan-by-scan printouts of the pertinent data channels are analyzed.  If

the discrepancies cannot be resolved or if adequate data are not available,

a data gap is recorded and the performance for this period is not

reported.

When preliminary processing is complete, a secondary processing

program is used to generate a detailed day by day monthly summary and

two final monthly summary tables.  The detailed day by day monthly

summary listing is shown in Table 5-11.  Definitions of quantities in

this Table are given in Tables 5-5C, 5-6C, and 5-7C.

At this point, the data are carefully reviewed for validity and

consistency.  Days for which less than 24 hour$ of data are available must
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either be completed by interpolation or omitted, because energy which

cannot be accounted for may have been collected or used during the

missing period.  Data required for calculation of a primary heat flow

rate may also be incorrect or missing due to a temporary instrument

failure.  Interpolation is possible for one- to two-hour intervals by

estimating collector performance from radiation levels measured in CSU

Solar Houses II and III and observing the main storage tank energy

change.  When load data are missing, auxiliary supply is estimated and

solar contribution is estimated by energy change in the main storage

tank.  Unless the heating or cooling load can reasonably be assumed

constant during th€ gap, interpolation is not possible if solar heat is

being collected and used simultaneously.  In the case of an instrument

failure, primary heat flow rates may be estimated if the system heat

balance is satisfactory both before and after the failure.:

After the data have been reviewed, each day is classified.into one

of four categories:

(1)  Partial days -- days for which 24 hours of data are not pre-

sent and interpolation is not possible

(2)  Omitted days -- days for which the data are inaccurate as

determined by the heat balance

(3)  Included days with comment -- days for which data have been

interpolated or to which some important comment pertains

(4)  Included days without comment -- days for which the data are

complete and reasonably accurate as determined by heat

balances to which no comments pertain.

Days in categories (3) and (4) are then used to form the two final

monthly summary tables which appear in Chapter 7 of this report.
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Table 5-11. Sample of Measured and Computed Daily Data
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9  1 /9 23,1 29.S 25.5 7/.4 HO.9       1.       3. 13.3 -.2 7.333 /4.3 19.1

8  2 79 24.9 30·8 25.4 '70.8 74.2       J.       3. 1/.2 -.2 8.107 15.6    21.1

4  3 79 26.j 11.3 25.4 10.5 73.b       0.       4. 18.2 -.2 h.1.1 26.1 22.4

8  4 79 29.1 35.5 25.9 72.1 75.7       0.       6. 1/.6 -.2 4.167 26.5 22.3

8  5 19 27.5 34.1 75.« 71.3 71.4       0.       5.    18.4 -,2 H.333 26.6 23.1

8  b /9 2/.5 44.J 25./ 70.8 74.1 l'. 5. 17./ -.2 1.833 24.1 70.1

8  1 79 28.1 32.1 25./ 69.0 71.8 0. 5.    18.0 -.2 8.167 25.5 22.1

4  0 ly 14. 3 2 H.2 25./ 6 d*5
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3 12 7Y 24.1 30.1 2+.3 83.3 81.6       0.       2. 11.4 -.2 5.000 14.6 9.2

8 13 79 14.3 20.7 23.1 77.7 lb./       0.       0.     3.4 -.2 .167 4.2      .1
8 14 19 14.3 0.0 23.8 11.9 0.0       4.       0. 3.4 0.0 0.000 7.8 0.0
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A 19 79 20.9 23.9 22.d 81.3 81.0    82    0.
3.5 -.2 1.SOO- H.2 3.8
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8 28 19* 24.1 27.j 23.1 69.8 71.2 0.       2. 11.1 -.2 1.331 18.9 15.1

8 29 79 24.1 24.3 23.0 64.3 72.0       00       2. id./ -.2 8.500 25.6 22.5

A 39 79 22.d 28.4 24.0 69.0 71.1       0.       1.    14.5 -.2 6.000 17.9 14.3

8 31 79 23.0 29.9 24.2 70.2 73.0       1.       3.    IM.5 -.2 8.167 24.7 21.5

rirAL 1(1. 50. 344.9 -5.4 166.834 545. 414.

1641 22.8 26.7 24.4 74.4 73.4       0.       2.    13.7 -.2 5.958 19. 15.

SCD.DEV 3.24 6.57 1.03 5.27 15.14 .83 1.19 1.28 .04 2.37 6.80 6.95
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8  1 79 392.1 44.4 35.9 -485.6 0.0 32.6 0.0 32.6 0.0 0.0 20.7 U. 0 8/.5    4

0  2 79 462.J 47.7 32.6 407.4 0.0 19.0 73.1 .18.0 73.1 O.U b.3 0.0 100.1    4

8  3 19 4BU.J 4 U.6 2 d.9 i15.5 0.0 3.8 45.0 8.H 43.0 0.0 9.4 0.0 146./    4

8  4 19 498.4 43.3 26.2 425.4 0.0 .9 52.4 .9 52.4 0.0 U.0 0.0    192.9    4

8  5 79 492.2 44.5 7/.8 390.6 O.U .2 26.4 .2 25.4 0.0       .1      0.0    153.9    4

8  5 79 414.8 41.2 29.1 -397.9 0.0 .9 19.3 .H ly.3 0.0 2.0 U.0 161.4    4

8  7 19 490.4 41.1 33.9 398.7 0.0 3.5 246.7 3.5 246.7 0.0 0.0 0.0 154.2    6

d  d 79 302.1 43.H 25.1 194.8 0.0 5.7 163.2 5.7 163.2 0.0 0.0 ,). 0 11.6    3

9  9 79 13/.2 47.0 27.2 /4.1 0.0 5.9 185.2 5.9 185.2 0.0 1.0 0 .0 33.1    2

8 10 79 112.5 49.7 78.H 0.0 O.U 3.2 0.0 9.2 u. U O.0 28.5 U.O J.U

8 11 19 4 Uj.J 44.9 23.0 ).0 U.0 11.4 0.0 11.4 0.0 0.0 10.9 0.0 50.3

9 12 79 9M.d 34.b 33.3 52.1 0.0 12.7 0.0 12.7 0.0 0.0     .2 0.0 13.3

9 13 79 O.J 32.0 38.4 0.0 0.0 26.2 0.0 26.2 U.U 0.0       .3 U.0 O.U

8 14 79 D.J 32.4 25.1 0.0 U.0 2.8 ,).0 2.H 0.0 0.{1 130.1 0.0 0.0

8 15 19* 55.3 34.6 4.1 9.0 u.0       .8       .1        .9       .1 0.0 94.0 U.U J.0

3 tb 19 24d.0 4 0. b 33./ 101.1 0.0 5.9       .4      6.9       .4 0.0 16.5 U.U 20.1    1
33.3    1

8 1/ 79 412.5 37.4 31.5 132.3 0.0 1.3 0.0 1.3 0.0 0.0 4.2 0. /)

37.9
9 ld 79 211.J 26.H 31.5 15.9 0.0       .8       .0       .8       .8 0.0 0.0 0.0

8 14 79 58.0 31.H 31.6 0.0 O.U t.0 1.3 1.0 1.3 0.0 2.2 0.0
14.j

0 20 79 91.1 42.3. 34.1 1.0 0.0 5.3 1.5 5.4 1.5 0.0 13.4 U.0

0 21 79 15 b.3 29.0 35.5 3.0 U.U 19.6 1.4 19.6 1.4 0.0 3.2 O.U     21.0

8 22 79 340.0 41.0 34.0 229.6 U.0 5.R 1.4 6.8 1.4 0.0 3.5 0.0
15.8    3

8 23 19 245.3 39.5 43.0 259.3 0.0 1.8       .1      1.8       .9 0.0 8.1 0.0 23.1

8 24 19 199.5     29.1 30.5 304.0 0.0       .7      9.4       .7 9.9 0.0 8.6 0.0 21.9    3

8 25 79 244.1 54.3 29.5 1.0 O.U       .7       .8       .7 .8 0.0 31.4 (1.0 3.2

8 25 79 172.2 39.4 3 J.3 J.0 0.0 6 T .8 .7 .8 0.0 34.6 0.0 0.4

8 2/ 19* 25H.) 26.4 21.8 299.2 U.0 0.0 6.1 0.0 0.0 55.4 0.0 14.1    2

8 28 79* 289.7 35.6 21.1 253.1 0.0 1.0 66.2 i.u 65.2 O.U 0.0 0.0 '4.1    1
16.0    4

8 29 79 49U./ 44.d 35.i 392.9 0.0 1.3 46.3 1.3 46.3 0.0 5.4 0.0
4..9    2

8 3 0 79 302.5 52.3 25.5 203.9 0.0 3.0 1.5 1.0 7.5 0.0 h.2 0.0

8 31 79 449.5 +H.8 21.9 342.8 O.l) 1.t ..it 1.1 0. 1, 0. 11 t4.9 O.U 8/.1    3

rjrAL 19„3.5 1155.9 HHO.5 1/44.4 J.U 1 d 4.7 444..4 141.7 9 4 4 0 3 ('.0 4 J.I. 4 0.  U                1  t,  1  1.
1 il



Table 5-11 (continued)

* DArA ARE AVAIGABLE ONI.Y FOR PAI*'t' DF 1Hls DAY, OAY 14*IrrED FR.}4 PERFORYIANCE SUMMARIES, SEE COMMENT BELON

S  SEE COMMENT BELOW FOR rHIS DAY
1  DAY JMMirrED FROM PERFJRVAVCE SUYMARIES, SEE COMMENT gELJW

Q212 Q202 E103 Q502 Q540 N103 N104 N301 N501 N401

DAILY TO'i'AL, 11EAl' RATES IMJ/DAY) EFFICIENCY RArIO SUPPLIED BY SOLAR

DArE is TOR- DELnsr ]SHB DSULAR HiPH El,ECS 3 CODI. (}COJLS EFFT EFFJ COP PCrHWS PCTARCG PCTHrs 5162006
(VJ) .361 .452 .3HH  524 1.000 0.000 1.OUO

8  1 79 1051.9 -184.9 538.7    530.9 -7.2 15.3    1HM.1  188.7
8  2 79 873.0 -30.7 459.1 453.0 1.2 1/.2 234.3 193.8 .404 .482 .488 .644 .B 1B 0.000 .027

B  3 79 842.0 24.H 421.8 417.1       .4 18.2 204,7 183.3 .411 .479 .486 .767 .893 0.000 .895

8  4 79 863.3 -7.5 471.6 468.1 5.4 17.5 206.4 182.2 .421 .487 .432 .968 .890 0.000 .d83

8  5 79 852.5 24.3 434.4 435.1 /.8 18.1 1'19.5 166.2 .414 .477 .430 .992 .937 0.000 .9z6

8  b 79 6/7.0 -4 4.H 455.3 439.1 1.5 1/.2 224.H 1 H 3.1 .413 .496 .471 ..972 .334 0.000 .H 14

8  7 79 839.3 -5.S 464.0 443.4 -.d 18.J 339.3 20/.7 .430 .497 .526 .907 .618 0.000 .)97

8  8 79 836.5 23.6 247.7 243.6 9.9 14.3 194.6 105.8 .357 .453 .544 .826 .544 0.090 .549

8  9 79 858.3 -26.1 131.8 121.2 8.1 10.4 137.7 37.2 .254 .391 .531 .833 .285 0.000 .2/0

9 10 79 831.1 19.5 52.0 49.7 9.3 10.7 -.0 -.0 .204 .309 -0.000 .758 0.000 0.000 1.900

8 11 79 847.7 291.6 73.5 44.9 10.4 18.4 -.0 -.0 .340 .415 0.000 .686 0.)00 0.000 1.000

8 12 79 1129.5 -b O.7 116.4 86.7 -10.1 11.1 lb.6 15.6 .152 .241 .318 .724 1.000 0.000
1.000        

8   1 3 7 9 1077.2 -116.5 77,4 32.0 -ld.6 3.4 -/0 -.0 0.000 0.000 0.000 .594 0.000 0.000 1.000

8 14 79 962.0 -72.2 36.6 32.4 9.9 3.4 -.0 -.0 0.000 0.000 0.000 .902 0.000 0.000 1.JOO

8 15 79* 890.6 -21.7 47*1 34.6 9.4 1.2 -.0    -.0 .070 .207 -.100 .835 0.000 0.000  1.000

8 16 79 872.4 54.6 159.2 145.4 -3.9 14.5 48.9 45.9 .202 .325 .465 .829 .996 0.000 1.000

8 17 79 925.3 164.1 209.7 th9.7 -3.3 15.2 40.5 40.5 .323 .437 .306 .961 1.000 0.000 1.000

8 18 79 1080.0 25.6 143.0 102.1 -15.0 10.4 20.3 20.3 .336 .443 .264 .976 .990 0.000 1.000

8 19 79 1lu3.0 -48.9 54.6 .31.9 -11.5 6.5 -/0 -.0 .159 .34l -.008 .970 0.000 0.000 1.000

8 20 79 1054.4 -6.8 62.7 42.3 -4.9 10./ ..0 -.0 .156 .250 -.013 .866  0.0 JO 9.000 1.)00

8 21 79 1046.2 72.3 42.3 29.0 -16.0 13.0 -.0 -.0 .219 .284 -.014 .644 O.DUO 0.000 1.000

8   2'2   7 9 1113.3 3.5 292.9 270.6 -1.3 15.3 98.3 98.3 .348 .445 .426 .833 .994 0.000 1.000

8 23 79 1116.5 -lot.0 325.1 298.8 -14.8 12.d 78.3 78.3 .305 .428 .301 .960 .997 0.000 1.000

3 24 79 1022.1 -206.4 3/0.0 333.1 -22.0 12.3 136.5 131.3 .2/3 .379 .435 .982 .958 0.000 .952

8 25 79 822.0 16700 42.3 54,3 15.7 15.9 ..0 -.0 .287 .388 -.013 .977 0.000 0.000 1.000

8   2 6 1 9 983.3 69.1 52.9 39.4 -.2 12.9 -.0 -.U .226 .324 -.013 .978 0.000 0.000 1.000

8 21 79* 1044.8 -70.4 299.2 32).7 -2.6 11.4 101.3 101.3 .314 .3 H 7 .339 .804 1.000 0.000 1.000

8   2'8 7 9* 804. 3 -17.1 282.3 288.b 5.4 14.7 156.1 121.1 .343 .428 .489 .953 .793 0.000 .780

3 29 79 846.2 1.1 456.2 441./ 1.5 18.7 199.0 180.7 .429 .485 .453 .964 .395 0.000 .908

8 30 79 850.0 -.2 269.7 250. l 15.6 14.5 101.4 94.6 .318 .472 .480 .895 .364 0.000 .933

9 31 79 847.9 25.2 390.6 391.5 5.4 18.5 137.3 137.3 .407 .467 .401 .966 1.000 0.000 1.000

,r JEAL 26424.0 54.8 6RH1.1 6406.3 -30.5 384.9 2786.9 2290.5
ME A m 943.7 2.0 245.H 7.28.8 -1.1 13./ 99.5 81.8 .327 .430 .450 .824 .318 0.000 .822

* DATA ARE AVAILABLE OVLY FOR PART JF rAIS DAY, DAY JvVIL'TED FROV PERFJRMANCE SUMMARIES, SEE COMMENK BEL)4
S             S t E       C O M M  EN  l'       8  €1,0 W       F D R        r H I'S       i.)  A  Y

3  )AY JMvirriD FROM PERF)*4Av:€ Suv,ARIES, SEE CUMMEvr 3ELJW
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6.  OPERATIONS HISTORY - PROBLEMS, CORRECTIONS, AND SYSTEMS DEVELOPMENT

In addition to the continuous record provided by the previously

described data acquisition systems, a daily log of events, unusual

conditions, and special investigations is mairitained.  The purposes

of this record are (1) to present qualitative information on system

characteristics, (2).to identify and explain anomalies, problems,

failures, and corrective measures in system operation, (3) to provide

information which may be needed for an understanding and explanation

of the quantitative data.

This section of the report is based directly on the operating

log.  The entries are in chronological sequence under each subsystem

heading.

6.1  COLLECTION

6.1.1 The Philips collector system was closely monitored through-

out September and October 1978.  A preliminary analysis of the data

indicated that system collection efficiency (N104) appeared to be about

two-thirds of the collector efficiency obtained by Philips Research

Laboratories in Aachen.  The difference was too great to be explained by

transport losses.  The reasons for the lower collector efficiency were

investigated.

6.1.2 Analysis of thermopile data for the Philips collector and

storage heat exchanger in Solar House I showed that heat losses in piping

were three to six percent of the energy collected.  At an average

value for T -T of 53.5°C, the effective heat loss coefficient
fluid ambient

of the pipe insulation 'was calcu lated to be k = 0.057 W/m2°C.  The
manufacturer's value is k = 0.048 W/m2°C.

6.1.3 System monitoring and data analysis continued in Solar

House I during November.  September performance results were rechecked

and were found to confirm a collector system efficiency about 30 percent

below that measured by Philips.  Measurements with the platinum RTD

temperature sensors showed a maximum absorber plate temperature variation

of 0.5°C in the six collector modules, confirming uniform flow distribution

through the collector.  The daily system heat balance closed within

one percent for 29 days in September.
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6.1.4 A representative from Philips Research Laboratory arrived

on January 26th to assist in the investigation of collector performance

discrepancies.  He verified that the steady-state efficiency of the

collector (N101) at CSU was seven to eight percentage points lower than

that indicated by Philips test data.

6.1.5 An intensive one-week investigation by the Philips

representative and members of the SEAL staff resolved the difference

between collector efficiencies (N101) measured in Aachen and at CSU.

Several minor causes of differences in collector performance were found,

but the main cause of the discrepancy was a difference in the solar

transmittance of the cover glass, measured at about 83 percent at CSU,

compared with 89 percent in Aachen.

6.1.6 On 5 and 6 July, personnel from Philips Research Labora-

tories, Aachen, and the Solar Energy Applications Laboratory installed

new cover glass on the Philips evacuated tubular collectors.  The new

glass, with 90 percent solar transmission, replaced the original cover

glass which had deteriorated on exposure to ultraviolet light to a

measured transmittance of only 83 percent.  Selected mid-day readings

showed that the instantaneous system efficiency improvement (N104) due

to the new cover glass was on the order of eight percentage points.

6.1.7 The Philips collector operated in a pressurized mode

during September.  It was nominally charged to 20 psig at the top Of the

collector when filled.  Periodic repressurization was required because

the pressure slowly bled off through the pump seal and valve.

6.1.8 Although there were many October days with high solar

radiation and low heat demand, the heat storage tank boiled only once,

requiring heat to be dumped through the heat rejection facility.

6.1.9 As of November, new thermocouples had been installed at

the inlet and outlet of each collector array and across the heat ex-

changer to determine if there was excessive heat loss from the pipes

leading to and from the collector.  Thermopiles with readings accurate

to the nearest 0.1°C were installed in the collector and heat exchanger

in November/December.  All subsequent collector performance results

were calculated from the AT values measured with the precision thermo-

piles.  The useful heat delivered to storage was also calculated from
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the heat exchanger AT data recorded by the thermopile in the heat exchanger.

The piping losses could then be calculated as the difference between

these two quantities.

6.1.10 A snowstorm on December 29th covered the Philips collector

with about two inches of snow which prevented collection for two and

one-half days.

6.1.11 _The solar system in Solar House I was shut down on 1 May

for extensive remodeling.  To avoid damage by prolonged high temperature

stagnation, the Philips collectors were covered.

6.1.12 On 28 August, 160 ml of water were removed from the space

between the cover and the evacuated tubes in the eastern-most Philips

collector.  Condensation under the cover glass had been noticed for

several months prior to the installation of the new cover and also after

the installation.  Rain penetration around the edge of the cover appeared

to be the most likely source of moisture.

6.2  STORAGE

6.2.1 A stratified heat storage experiment began in April 1979,

after direct contact heat exchanger experiments with the Miromit flat-

plate collectors were completed.  The objectives of the experiment were

a comparison of the solar load fraction with stratified storage and that

obtained with mixed storage in both heating and cooling modes.  The

existing storage tank inside the building and the roof-mounted Miromit

flat-plate collectors were used in the stratified storage experiments.

Preparations for the experiment began in mid-March, and data were

obtained by operating the system alternately with mixed and stratified

storage throughout April.

6.2.2 On 19 March, badly deteriorated insulation on the bas-

ement storage tank (with a thermal resistance of only R-3) was removed.

Four to five inches of sprayed-on cellulose insulation with a theoretical

R-14 to R-16 (English Units) value were applied.  The resulting insulating

value of the tank, as determined by overnight heat loss experiments, was

improved, but only to a level of about R-5.

6.2.3 Several changes in the outdoor tank room were also made.

The outdoor tank was used with the Philips collector to supply energy to

the house for a few days while the indoor tank was provided with new
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insulation, instrumentation, and piping for the stratified storage

experiment.  A tip sensitive thermocouple tree was installed within the

tank.  The Philips collector was then recoupled to the indoor tank and

house load for operation of the system with stratified storage.  Opera-

tion of the new flat-plate collector was continued with the direct

contact liquid-liquid storage unit and heat rejection coil.
\

6.2.4 During switching of the tanks it was found that the load

pump had a leaky seal, so it was replaced.  The new heat exchanger pump,

rated at 11 gpm, could not supply sufficient head when operating from

the outdoor storage tank, so it was replaced with a pump of 14 gpm

capacity.

6.2.5 Thirty days of space heating and water heating data were

recorded during April, 1979.  During most of the month, the Philips

evacuated tube collectors supplied heat to this tank in the stratified

mode.  The tank was operated as a fully mixed heat storage facility

for the last three days of the month.

6.2.6 For subsequent use in data analysis, the R-value of the

insulation on the basement tank was determined by measuring the tank

temperature decay rate during several days in April when no heat was

supplied to or withdrawn from the tank.  Following this measurement, the

wall of the tank room was removed, all old wiring and plumbing were

removed, and the main storage tank was stripped of insulation and

removed.

6.2.7 The new built-up heat storage chamber supplied by Bally

Manufacturing, Inc. was installed in mid-May.  The only problem en-

countered with installation of the Bally tank was with one connecting

latch.  The tank was assembled in about 4 man-hours, a period which

included carrying the separate panels into the building and final

assembly.  The vinyl liner was installed in the tank and another

vinyl sheet was applied to the underside of the tank cover.

6.2.8 Final fittings for the Bally storage tank, including

perforated vertical diffuser pipes for temperature stratification,

were completed in mid-June, and the unit, which holds 1130 gallons
(5.136 m3), was leak-tested. NO problems were encountered. During the

last week of the month, the Philips evacuated tubular collectors were

uncovered, and solar heat was supplied from them to the new tank.
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6.2.9 Full operation and data collection in Solar House I

were resumed on 30 June after a two-month shutdown for installation of
the Bally storage chamber and total repiping and reinstrumentation of

the system.

6.2.10 Early in July, there were significant storage heat losses

due to thermosiphoning in the tank inlet/outlet loops.  Check valves

were therefore installed, and piping and component insulation was begun

early in the month.  On 19 July, a tank loss coefficient of

0.029 MJ/hr·°C was measured with the vent open, no fluid flows in or out

of the tank, and insulation Qn most of the piping but not on the heat

exchangers.  After insulating the piping and heat exchangers late in

July, the loss coefficient was measured at 0.022 MJ/hr·°C (corresponding

to an R value of 14 ft2.°F·hr/Btu).  The measured heat loss coefficient

includes direct losses through the tank walls, conduction losses to

system piping, and heat loss by evaporation from the tank and subse-

quent condensation of most of the vapor in the 2-inch vent.

6.2.11 Good temperature stratification in storage was obtained

in July and August, about 4°C to 6°C during periods of simultaneous

collector and chiller operations.  Stratification was increased to 12°C

when a portion of the return flow from the generator was run through a

manual by-pass valve and mixed with water from storage to provide a

constant 74°C supply.  An automatic tempering valve circuit was therefore

designed.

6.2.12 A bowing of the sides of the Bally tank occurred over a

period of several months. The deflection became serious enough that it

was decided it would be necessary to provide additional exterior reten-

tion  beams or "whalers". Four whalers were therefore installed  at
suitable levels.  Even though the tank was emptied when the whalers were

installed, considerable force had to be applied with a jack in order to

maintain the square tank shape at all three levels.  In replacing the

tank top, some trouble was experienced in closing the latches, and it

was not possible to fasten the last latch. This condition does not

create any particular problem, but it is recommended that instructions

to the installers include the use of at least two whalers for a tank of
this height.
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6.2.13 The tank had been used since 1 July with internal tem-

peratures usually exceeding 80°C (176°F).  Exceptional temperature

stratification in the tank had been achieved by use of vertical

perforated baffles, and temperature differences as high as 15°C have

been obtained between top and bottom of the tank.  It is not known if

the square shape has any influence on stratification, but improved

performance is clearly obtained.

6.3  SPACE HEATING

6.3.1 During September and October, 1978, the ductwork connecting

the off-peak electrical storage unit with the ventilation system was

completed.  After testing, the unit was integrated into the central heat

distribution system.

6.3.2 In December the TPI off-peak unit was modified so that

power consumption could be recorded directly on the Doric data logger.

Early in the month a control transformer in the unit failed (a fuse blew
in the control circuit), causing the air distribution blower in the

house to be down for one day during which time the house temperature

decreased to a minimum of 11°C.  Transformer and fuse were replaced, and

the off-peak unit resumed normal operation within the next 24 hours.

6.3.3 Two computer programs were written to facilitate the

analysis of data collected in this study.  One program provides the

daily on-peak and off-peak energy consumption and peak power demand

for each of the components in the furnace.  The second program performs

an energy balance on the furnace by use of temperatures and energies

recorded continuously on a stripchart recorder.  The instrumentation was

modified during the month by connecting one channel of off-peak furnace

core temperature data to the central data logging system for the house.

A new stripchart recorder was also installed to record system temperatures

for the heat balance work.

6.3.4 The stripchart data program was used to complete a

detailed energy balance of the off-peak furnace over a two day operating

period and to calculate the effective heat storage capacity of the

furnace in terms of a mean storage core temperature.  Analysis of the

stripchart recorded data was continued for additional days to increase

the confidence level in the results.
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6.3.5 The automatic data acquisition program was written so

that the amount of energy supplied to the house each day could be

calculated and so. that daily heat balances on the house could be performed.

The quantities of energy consumed as determined by periodic manual

readings of the power meter and by the results of this program, were

shown to be in agreement during most of the heating season.  When there

was disagreement, the cause was a gap in the automatic acquisition

system information.  Manually collected data are sufficient to offset

these gaps and a complete set of off-peak furnace performance data for

the heating season can be compiled.

6.3.6 Testing of the off-peak furnace as an auxiliary heat

source for Solar House I terminated in April.

6.3.7 In addition to the replacement of the gas-fired auxiliary

boiler with the off-peak electric resistance furnace (215 kW-hr TPI

system) for space heating, an electric boiler was installed for auxiliary

cooling use.

6.3.8 During the months of June and July, a by-pass duct and

damper were installed so that when auxiliary heat was not needed, there

would be no air flow through the off-peak furnace.  This by-pass ar-

rangement is expected to substantially reduce furnace heat losses during

periods when solar heat is available and should result in a significant

improvement in furnace performance during the next heating season.

6.3.9 A scheme for implementing an improved off-peak furnace

charging strategy during the next heating season was also identified.

The intention is to minimize electric utility charges, and the scheme

will therefore utilize improved energy demand predictions.  It is antici-

pated that the charging control algorithm will be incorporated into the

Wang computer used in Solar House I.

6.3.10 Also in July, the TPI control was removed for testing and

calibration.  It was found to meet all specifications and will be re-

installed in the furnace before the next heating season commences.  A decision

was also made to remove the brickwork in the TPI unit, install a resistance

wire sensor, and replace the brickwork during September.  The sensor should

result in more accurate measurement of the thermal energy content of the

brick storage.
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6.3.11 Work continued during July and August on the development

of a' new digital electronic control system for the TPI unit.   The new
system will control each of the eleven heater elements separately and

Will result in more even heating of the entire core.  The controller

will also permit more precise night-time charging to be achieved and

should thus minimize the peak power demand on a month-by-month basis.

At the end of August the unit was being wired and packaged.

6.4  COOLING

6.4.1 Cooling system performance in September 1978 was slightly

lower than expected because the Arkla unit was frequently over-fired

during solar operation, and the excess heat was rejected by the cooling

tower.

6.4.2 In early August, the chiller control was modified to

permit chiller operation to continue for a few minutes after heat supply

to the generator is discontinued.  This change, recommended by the manu-

facturer, provides additional cooling rather than added heat loss by

internal conduction.  Although the chiller usually runs continuously

after first starting each day, cooling output and COP are increased by
this modification under conditions of light loading and frequent on-off

cycling.

6.4.3 A portion of the return flow from the generator was

run through a manual by-pass valve and mixed with water from storage

to maintain a constant 74°C supply temperature.  By this arrangement,

the COP can be maximized at a minimum temperature (see Figure 3-10).

Installation of an automatic tempering valve was therefore planned.

6.4.4 The maximum COP achieved has been only slightly over

0.6.  This value is much below the 0.72 maximum COP achieved during

the summer of 1978.  Measured COP's are considerably lower than

predicted (see Figure 3-10) particularly in the middle temperature

range.  Such an alteration in performance could be caused by build up of

contaminants in the chiller, or non-condensable gas accumulation

could result in an insufficient vacuum pressure.  The chiller

was pumped down without noticeable performance improvement, so the

latter possibility did not appear likely.  Other possible causes are

a lowered air flow rate across the cooling duct coil or instrumentation
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faults.  The matter is being investigated.  (Subsequently, low air
flow rate was identified as the primary cause of decreased COP levels).

6.5  OTHER OPERATIONS

6.5.1 Several minor control difficulties were encountered

during September.  The electro,nics of the AT controller for the storage

pump were modified to ensure proper operation.
6.5.2 The domestic hot water preheat system was also modified.

In the previous design, a three-way valve was operated so that hot

water was circulated from main storage either to the space heating

exchanger or to the DHW exchanger. This operation was changed because

the three-way by-pass valve leaked, and because that particular mode

required excessive pumping power.  In the new design, the preheat heat

exchanger was placed in series with the heating/cooling load on the tube

side, where the pressure drop is negligible (less than 0.2 psi).  Heat

was transferred to the DHW preheat tank only when solar was also being

delivered to the heating/cooling load.

6.5.3 Another addition to the system was a new Gormann Rupp

collector pump with a wire-to-water effi ciency of 50 percent (compared

with the previous 13 percent).

6.5.4 Construction and system modifications during February

included repair of the heat rejector unit (which had sustained some

freeze damage), repiping and valving in the basement tank room to permit
quick change-over between indoor and outdoor storage and heat exchange

systems, reinsulation of outdoor storage tank, installation of pumps for

load and storage circuits in the outdoor system, completion of new flat-

plate system including controller and flowmeter, and realignment of all

channels in the Doric data logging equipment.  The heat rejector was

connected as the load for the direct contact liquid-liquid heat exchanger/

storage experiment.  The flowmeter in this circuit was recalibrated and

reinstalled.

6.5.5 During June, system changes were either completed or

nearing completion, and several subsystems, including collection/storage
and domestic hot water heating, were started.  Work accomplished included

installation of the new blower, minor ductwork modification, insulation
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of the outdoor storage tank room, and power and instrumentation rewiring.

The instrumentation system was completely operational, and recorded

measurements indicate that the changed system components were operating

at design point or better.

6.6  INSTRUMENTATION AND DATA COLLECTION

6.6.1 Secondary technical difficulties have hindered the effi-

cient collection and analysis of data in Solar House I.  Early in

' December, the Wang typewriter failed.  On-line thermopile data for the

Philips collector and heat exchanger system could therefore not be

immediately evaluated. At least a month was required for processing
magnetic tape data records at the CSU central computer system.

6.6.2 The Deltec Uninterruptible Power Supply system required

repairs in January, so the data system was operated without this back-up

source of power.  The simulator program hardware was functional during

this period, although restarting required use of the Texas Instruments

interactive terminal.

6.6.3 Data were recorded nearly continuously during February,

the only major interruption being a power failure on 9 February.  A

defect in a terminal block was found, corrected, and realignment of all

channels was performed.

6.6.4 During March, the data system continued to be operated

without the uninterruptible power supply.  A problem was traced to the

AC breaker switch within the UPS and the unit was repaired and put back

in service.

6.7  DIRECT CONTACT LIQUID-TO-LIOUID HEAT EXCHANGER

6.7.1 The direct contact liquid-liquid heat exchanger was

connected to the original flat-plate collectors on House I in October.

Repeated efforts to achieve the desired flow rate of diethyl phthalate

through the collectors were unsuccessful largely because they were

designed and site-built for water/antifreeze collector fluids.

6.7.2 Replacement of the site-built flat-plate collectors on

Solar House I began on November 27, 1978.  Single-glazed Miromit collecto
rs

with large steel absorber tubes were selected.  The tubing is
 suitable

for circulating diethyl phthalate (DEP) at the f16w rate re
quired
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for optimum collector/storage performance.  The Miromit collectors were

donated to the university by American Heliothermal Corporation.

6.7.3 Although collector replacement was completed in December,

severe weather delayed completion of the outdoor solder connections.

6.7.4 Data collection from the DCLLHE system began in January.

The flow rate of DEP through the collector was set at 25 gpm, equivalent

in heat capacity to a water/ethylene glycol flow rate of about 15 gpm.

6.7.5 Data on the Direct Contact Liquid-Liquid Heat Exchanger

experiment were obtained in February, March and April.  Extensive revision           -

in the mechanical room piping in May terminated these tests.

6.7.6 The simulator program driving the Miromit flat-plate

collectors and the direct contact unit was updated for the Wang mini-

computer in House I.  The updating was required to conform to the

reconfiguration of the system within the house.

6.7.7 A separate report will be issued on the direct contact

  system.
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7.  QUANTITATIVE RESULTS

The measured quantities of solar and auxiliary energy supplied and

used are reported in tabular and graphical form, and temperatures in

the building, the atmosphere, and the heat storage system are tabulated.

A table and two charts in Section 7.2 contain total energy quantities

subdivided by months in the table.  Section 7.3 comprises a sample table

of monthly energy totals, a table of monthly electricity use, and five

charts showing incident solar energy, heat collection, and heat use.
Section 7.4 contains a sample monthly table of measured daily

energy supplied and used, totaled for the month.  Complete sets of

monthly and daily tables of data are presented in Appendix B and

Appendix C, respectively.  Graphs and charts in other subsections

show examples of hourly energy quantities, correlations of solar
collection with radiation intensity and operating temperature differences,

energy supply and use in off-peak electric heat storage unit, and com-

parisons of solar heat collection in House I with that in Houses II and

III and with F Chart computations.

7.1  BUILDING PERFORMANCE - TEMPERATURES IN THE BUILDING

As may be seen in the hourly results in Section 7.5, the typical

light construction of the building makes heating and cooling demand

very responsive to changes in ambient temperature and solar gain.

Tables 7-1H, 7-1C and Section 7.5 show that building air temperatures,

the principal measure of occupant comfort, are maintained close

to the thermostat setting under most load conditions by forced air space

conditioning.

Thermostat settings are also shown in Tables 7-1H and 7-1C, and

though maintained constant over long periods, they were changed from

time to time to accommodate the needs of the experiment.  For example,

air conditioning loads are lower with the new highly insulated storage

tank than with the previous tank, so a lower thermostat setting provides

a load more comparable to that in previous summers.
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Table 7-1H.  Daily Average Winter Temperature

NOVEMBER DECEMBER JANUARY FEBRUARY MARCH

W          g          :          W
          =   02     k    <w Ew.  2 of 2

S  95 » em =M =2 EM um =5 =i    =wi *g
.a.    H Z

ii Mi ill m  "5  im m  M  im m  % d  2;
»    40 -     » n.    i

 ti z.:5 o 
2& S  aE» i

 e =al  E Se. 3e  & S  ae 35 se El  w    e ae    1
1         14.5 26.9 21.0 '-.2' 21.6 21.0 -17.7 16.6 21.0 5.1   21.9   21.0

2 12.3 23.9 21.0 -13.2 19.8 21.0  -14.4 17.5 21.0 -10.5 20.7   22.0    2.1   21.8   21.0  

3         13.1 23.9 21.0 -10.'9 19.7 21.0  -8.·9 19.3 21.0 -8.2 21.4 . 22.0
-2.7   21.2   21.0  

4 12.1 22.7 21.0 -4.7 20.5 21.0 -13.·9 19.2 21.0 -6.2 22.,2 22.0 1.0   21.2   21.0

5      '    5.1   20.6   21.0   -5.9   20.7   21.0  -15.8   19.6   21.0   -6.5   2
2.4 ' 22.0    5.2   22.0   21.0

6                       21.0 -12.9 19.0 21.0 -8.'8 19.2 21.0 - .7 22.3 22.0 8.7 22.5 21.0

7                        21.0  -18.4   18.6   21.0  -14.6   19.5
21.0 .1 21.1 21.0 21.0

8 15.0 23.9 21.0 -19.1 18.4 21.0 -9.8 21.0 21.0 -4.5 21.1 21.0
1.4   22.1   21.0 i

9    ' 11.4 20.7 21.0 -12.4 18.6 21.0 -6.8 20.8 21.0 21.0 -2.2 21.5 21.0

10 21.0 -3.4 19.6 21.0 -12.2 19.8 21.0 21.0    1.1   21.2   21.0 :
i

11 21.0 -3.5 20.5 21.0 -3.3 20.6 21.0 21.0 9.5 21.9 21.0 i

12                  ' 21.0 2.9   21.3   21.0   16.6   20.4 21.0 21.0 21.0

13            1.8 21.3 21.0 -4.9 21.3 21.0 -12.3 19.7 21.0 21.0 21.0 1
1

14         -5.5 20.5 21.0 .5 21.6 21.0 -12.'9 19.4 21.0 21.0 21.0

15 21.0 1.5 22.0 21.0 -.2 21.4 21.0 21.0 21.0 1

16                       21.0 -4.2 20.8 21.0 21.0 21.0 21.0 ;

21.0 li17 21.0 -3.6 20.1 21.0 2.7 21.8 21.0 21.0

18 21.0 2.7   20.7 21.0 1.1 21.8 21.0 21.0 21.0

19 21.0 2.9 21.4 21.0 -.2 21.9 21.0 4.7 21.8 21.0 21.0

20         -7.7 19.5 21.0 -3.8 20.5 21.0 1.5 21.8 21.0 3.7 21.8 21.0 21.0

21         -4.6   20.0 21.0 -.2 21.0 21.0 '1.4 22.1 21.0 21.0 21.0

22          1.9 19.5 21.0 -2.2 21.7 21.0 -3.9 21.8 21.0 21.0 21.0

23    -     6.3   20.9   21.0   -1.1   18.8*  21.0   -9.3   20.8   21.0   -4.5   21.3 21.0 21.0

24 2.2 20.9 21.0 1.8 15.6* 21.0 -4.5 21.2 21.0 -1.1 20.9 21.0 1
21.0

25            .2 20.4 21.0 -2.9 13.7*  21.0 i -5.3 20.5 21.0 .8 21.2 21.0 21.0

26         -2:2 20.0 21.0 -7.6 14.9*  21.0 1-10.6 20.9 21.0 6.1   21.9 21.0 21.0

27 -2.9 20.6 21.0 -3.9 20.6 21.0 1-12.9 20.8 21.0 2.2 21.4 21.0
'

21.0

28          1.3 20.6 21.0 -1.5 21.0 21.0 -12.7 20.8 21.0 1.7 21.4 21.0 21.0

29 1.5 21.2 21.0 -16.7 19.1 21.0 -14.3 20.2 21.0 21.0

30          2.9 21.6 21.0 -19.3 17.7 21.0 21.0 21.0

'

31 -18.2 17.2 21.0 21.0 1 21.0,
1

*Auxiliary was not functioning
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Table 7-1C.  Daily Average Summer Temperature

&
JULY AUGUST SEPTEMBER OCTOBER

W

-    M          M          
NU/w -w < =W 51*i 26, Biwi ES#a ,-

3, 6, hi le im Mi :5 1, li :i *S amO.         - . ow 0. 56 *  §  s  EF §  flit E ME mE '9 :8 1* zm sa se Me EW Se MB0             0 » -» » .0 O » . » ,- M 0 #

1 23.2 24.9 25.0 23.1 25.5 25.5 22.7 24.4 25.0 16.9 22.1 22.5

2         22.6   25.2   25.0   24.9   25.4   25.5   23.6   24.3   25.0   21.4   22.8   22.5

3 23.1 26.5 25.0 26.5 25.4 25.5 25.6 24.4 25.0 12.4 22.0 22.5

4 21.9 24.8 25.0 29.1 25.9 25.5 25.3 24.4 25.0 15.3 20.9 22.5

5 22.0 24.8 25.0 27.5 25.8 25.5 24.4 25.0 22.3 21.4 22.5

6   21.6 25.2 25.0 27.6 25..7 25.5 22.2 24.3 25.0 19.2 20.8 22.5
7 24.4 24.6 25.0 28.1 25.7 25.5 23.7 24.5 25.0 21.8 21.4 22.5

8         24.0   26.5   25.0   24.3   25.7   25.5   25.4   24.4   25.0   17.9   22.5   22.5

9 24.0 27.4 25.0 22.6 25.4 25.5 26.7 24.5 25.0 4.2   21.5   22.5

10 26.0 27.3 25.0 18.0 23.7 25.5 24.6 .  25.0    17.5    23.3    22.5

11 29.9 27.3 25.0 22.0 22.8 25.5 13.6 23.7 23.0 20.5 23.5 22.5

12 26.6 27.7 25.0 24.1 24.5 25.0 14.5 23.6 23.0 15.6 22.5   22.5

13 27.9 28.8 25.0 19.5 25.1 25.0 12.7 23.0 23.0 11.9 20.5 22.5

14 .' 25.0 26.2 25.0 14.3 23.8 25.0 13.7 22.1 22.5 19.5 20.6 22.5
15 22.0 26.5 25.0 18.7   21.0   22.5   19.2   22.5   22.5

16         20,1   24.1   25.0   21,5   24.4   25.0   20,2   21.0   22,5   13.6   22.5   22,5

17 22.9 25.0 25.0 23.0 24.5 25.0 22.8 22.8 22.5 11.1 22.3 22.5

18         21.8   25.6   25.0   23.5   24.6   25.0   19.2   22.6 22.5 22.5

19 22.9 25.5 25.0 20.9 22.8 25.0 20.2 22.6 22.5 22.5

20 23.6 24.4 25.0 19.9 23.0 25.0 18.3 22.3 22.5 22.5

21 23.0 24.2 25.0 21.8 24.2 25.0 17.8 22.3 22.5 22.5

22 23.7 24.4 25.0 22.8 24.0 25.0 22.9 22.1 22.5 22.5

23 23:4 25.2 25.5 21.7 24.7 25.0 24.5 22.3 22.5 22.5

24 23.4 25.4 25.5 22.2 24.1 25.0 21.9 22.5 22.5 22.5

25 23.5 25.4 25.5 19.6 22.9 25.0 20.3 22.6 22.5 22.5

26 22.3 25.9 25.5 19.6 22.6 25.0 20.0 22.8 22.5 22.5

27 25.3 25.8 25.5 25.0 20.5 22.5 22.5 22.5

28 26.4 25.8 25.5 25.0 19.9 22.2 22.5 22.5

29 21.1 25.7 25.5 24.1 23.6 25.0 22.0 21.8 22.5 22.5

30 19.2 24.6 25.5 22.8 24.0 25.0 22.3 22.1 22.5 22.5

31 23.7 25.5 25.5 23.8 24.2 25.0 22.5
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Loads are not typical of normal residential buildings because the

building is used for offices.  Tours, sometimes of 30 or more people,

are frequent.  Atypical electric equipment, such as typewriters, mini-

computer, power conditioning equipment and data acquisition devices

also produce considerable heat.  Three hot water dumps per day are made

in a pattern reflecting residential use.  However, instrument and

control problems sometimes made hot water demand irregular as may be

seen in the daily results of Section 7.4.  Except on four days when the

auxiliary heater was not operating, the lowest daily average building

temperature was 16.6°C.  On four other days, average building temperature

ranged from 16.6 to 17.7, and throughout the balance of the winter,

average temperatures varied between 18.4 and 22.5°C.

In the summer months, Table 7-1C shows the maximum daily average

temperature of the living space was 28.8°C, and on nine days, average

temperature was above 26°C.  During the balance of the summer, average

daily building temperatures were not more than one degree above thermo-

stat settings of 25.5°. 25.0°, or 22.5°C.

7.2  SEASONAL AND ANNUAL PERFORMANCE OF SOLAR HEATING, COOLING, AND
HOT WATER SYSTEMS

Figures 7-1H and 7-1C show the distribution of the energy falling

on the collector aperture during the heating and cooling seasons.  The

width of the arrows, except for very small energy values, is proportional

to the energy flows.  Monthly totals based on daily averages appearing

in Section 7.3 and Appendix B were used to construct these figures.

Percentages are portions of the total incident solar energy on the collector.

Table 7-2 contains monthly, seasonal, and annual totals of incident

solar energy, energy collected,' solar energy  appl ied to heating,  cool ing,
and hot water supply, electric aUxiliary heat and electric energy for

pumping, and other values based on those totals.  Some of these energy

quantities differ slightly from those shown in Figures 7-1H and 7-1C

because the table includes net energy storage changes during data gaps

whereas the charts do not.
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Table 7-2.  CSU Solar House Performance 1978-1979

Month Oct Nov Dec Jan Feb Mar Total July Aug Sept Oct Total Total Notes
Days of Data                          29      20     31     28     15 10 10/1      31      28     30      17 7/1 274

to                                       to       days
3/14 10/17

1.  Total solar on aperture 928(1) 642 708 704    888    942   129841(21 904 871 1000 914  100537(2  23n378 44.7 m2

aperture
2.  Solar when operating 719 495 480 438 752 762 '97340 709 661 856 743 80783 178123

3.  Energy collected (5) 264 158 210 199 321 300 38792 297 281 379 320 34742 73534

4.  Collection efficiency (5) 28.5% 24.6%  29.7%  27.7%  35.4% 31.1% 29.9% 32.9%  32.7% 37.9% 35.0% 34.6% 31·OV (3)*(1)
5.  Collection efficiency when

operating (5) 36.7% 38.5%  43.8% .44.5%  41.8% 38.5% 39.9% 41.9%  43.0% 44.3% 43.1% 43.0% 41.3% (3)*(2)

6.  Total space heating 101 334 426 568 453 345 61481 61481

7.  Solar space heating 101 166 195 179 272 259 30911 30911

8.  % solar heating 100% 49.5%  45.7%  31.6%  59.9%  75.1% 50.3% 50.3% (7)+(6)
9.  Total heat for cooling 207 6431 230 221 362 254 29183 35614 Supply to
10. Solar for cooling 119 3680 170 188 272 233 23194 26874

chiller CO
10

11. % solar for cooling 57.2% 57.2% 73.6%  84.8%  75.1%   91.8% 79.5% 775.5% (10)*(9)
12. Total hot water 8      20     57     84    106 7 8032      28     38     46      40 4137 12169

13. Solar for hot water 0    10   24   16   26    7 .  2370  · 18   32   34    28 3008 5378
14. % solar hot water 0%     52.0% 41.7% 19.3%-24.4% '  100%   29.5%     62.7%  82.4%  73.1%   69.4% 72.7% 44.2% (13)+(12)
15. Total loads 317 354 483 652 559 352 75944 259 260 409 294 33320 109264 (6)+(9)+(12)
16. Total solar to loads 220 176 218 196 297 266 36961 187 219 306 261 26202 63163 (7)+(10)+(13)
17. % solar, total 69% 49.7%  45.2%  30.0%  53.2% 75.5% 48.7% 72.4%  84.4% 74.9% 88.8% 78.6% 57.8% (16)*(15)
18. System efficiency 23.7% 27.4%  30.8%  27.8%  33.4% 28.2% 28.5% 20.7%  25.1% 39.6% 20.6% 26.1% 27.4% (16)*(1)
19. Total cooling supplied           77 2383 111 100 161 124 13437 Output of

chiller

20. Cooling from solar               47                                        1444      77     82 117 114   10363

21. % cooling by solar 60.6%                - 60.6% 70.0%  82.0%  73.1%   91.9% 77.1% (20)*(19)
-22. Total cooling COP 0.37 0.37 ' 0.48 0.45 0.44 0.49 0.46 (19)*(9)
23. Solar cooling COP 0.39 0.39 0.46   0.44 0.43 0.49 0.45 (20)*(10)
24. Collector pumping

energy (3) 20.6    12.2(4) 9.0   9.5   13.1 11.1 2101 15.1 13.7 16.2 14.8 1631 3732 Total elec.
use other
than,aux.

25. Solar use/collection pumps 10.7 14.4 24.2 20.6 22.7- 24.0 17.6 12.4 16.0 18.9 17.6 16.1 16.9 (16)*(25)
26. Mean storage temp °C              75 53.2 :40.3 39.2   40.8 48.1 73.6 75.8 75.1 77.0
27. Mean ambient temp °C 10     9.5    1.1   -5.0    1.3 7.1 28.7 29.0 26.1 22.7

Notes:

(1) All monthly energy quantities in megajoules per day

(2) All seasonal and annual total energy quantities in megajoules for entire period                                                                                                           I
(3) October-March by visual meter readings.  July-October by data logger
(4) Pump change November 18
(5) Values corrected. for gain or loss during data gaps
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7.3  MONTHLY PERFORMANCE OF THE SOLAR HEATING, COOLING, AND HOT WATER
SYSTEMS

Daily averages and extrapolated monthly totals of the most important

thermal performance indicators for solar collection, thermal storage,

space heating, water heating, and space conditioning appear in Appendix

B, Tables 8-1H through B-SH (heating) and 8-1C through 8-4C (cooling).

An example (November) is also shown in this section as Table 7-3H.  For

November through February and July through September, the totals that

appear in the tables are extrapolated to a full month from the daily

averages shown in Section 7.4.  However, the totals for March and

October are for parts of those months.  Quantities listed in the tables

are defined in Table 7-4 in terms of the items calculated and measured.

It may be seen in the tables that there is a difference between

"energy collected" and "apparent energy delivered to storage". During
data gaps, some net gain or loss was an excess or deficiency caused by

solar operations during those intervals.  Net storage energy gain for

the month includes net energy gains (or losses) during data gaps

since that energy may be used later.  These net gains and losses are

computed by hand and entered into the program manually.

Key thermal performance quantity and indicator values for the

collection subsystem from Tables 8-1H through 8-5H and 8-1C through

8-4C are displayed in Figures 7-2H and 7-2C.  Weighted average temperatures

of storage and of outdoor ambient air are also shown.  These averages are

calculated by weighting the temperatures according to daily "collector
on" incident solar energy. Figures 7-3H, 7-3C and 7-4C ·display key
quantities and indicators'for the space heating and cooling subsystems.

October 1978 values in the figures are from the 1977-1978 Solar House I

report [9].  Figure 7-3H includes values only from October 17 through

the end of the month.  The first part of October is omitted because

cooling was the predominant mode.  Figure 7-2H, however, includes values

for the entire month.

Electricity for operating pumps used for solar collection, transfer

to storage, and transfer to the service hot water preheat tank was

continuously measured and recorded, but data logging problems prevented

procurement of accurate results during the heating season.  Monthly
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Table 7-3H.  Daily Averages and Extrapolated Monthly Totals,
November 1978

CSU Sjl,AR H JJSE I

DAILY AVERAGES A\11) EXTRAPJLATED M]MTHLY riliAt,S
NOVEMBER 1979

MONTHLY DAILY
rDEAOS AVERASES

DAYS )F DArA 2 u 2 1)
AVERAGE DAiLY EvERSY FLUX (PER )U.M) 14.,1 14.4
1'11'46 1 Clt)E\Ir 5.16AR J'J 44./ SU.M APE;Rt'JRE AREA 19259. b42.3
fjrAL ivcluENr SJLAR DN 57.2 59.M CJLLE:fOR AREA 23364. 778.8
INCIDENr SOLAR. '10' (APERrURE AREA) 14871. 495.0
INCIDENI SOLAR 'JN' (COLLECrOR AREA) 1 HO 07. 600.2

SJLAH EVERGY =]LLECTED 5713. 190.5
Nfr SIJRAGE EN€RGA GAIN DJRIN, 1,ArA GAPS -984. -32.H
APPARENT ENERS* DELIVERED r) STJHAGE 4730. 157.7
N€r SKJRAGE EV€RSY GAIN FJR MJNIH -635. -21.2

COLLECiliN EFFECTEvCY (ril'AL iNCIDENT-·APERTUqt) .2.9/ .297
COLLE.riON EFFICIENCY (r)YAL iNCIDEMr-:3661.CEJR) .245 .245
:0666:riON EFFICIENCY (1NCIDEVA 'ON' -APERTURE) .3HS .385
COLLECfiON EFFICIENCY (iNCIDEVT 'ON' -COLLE:1'JR) .3J7 .317

S P A C E     :1 K A  1' 1  M G.     67 A l)      i  : J  i  t, ) 8736. 291.2
SRACE AEAA'iNG JY SOLAR (C)161 36/6. 122.5
S JLAR SPACE H€41'ING. (C.111,) FR,(floN .421 .421

SJLAR EVERGY 6)Sr FR.)4 Sr)RAGE 1397. 46.6
USEniL SNLAR E.vERGY LJSE FRJ14 Sl'DRAGE 1/90. 43.0
r'611'46 SPACE 164£'ING 1.,JAD · 10026. 334.2
r J r A L     S l[ ,A R    S i A C E    l i t A r l ,4: ; 4966. 165.5
/JrAL SJLAR SPACE HEATING FRACTION .495 .445

SPACE C Jul,lm G 6 110                                     0.          0.0
S JLAR SPACE ·C JOL ING 0. 0.0
SOLAR SPACE C))LING FRAC'TION 0.000 0.000

rDTAL CJOLING SUPPLLSD                                 0.          0.0
SJLAR :Jili, INS SUPPLl.ED                           0.        0.0
SOLAR FRACi'13'\1 7F CUL)GING SUPPi.,LE'J 0.000 0.000

SJLAR ENERGY )€61 VERED K) PRKHEAT TANK 335. 12.2
l'Jr A 6     E \I E R G r       r ..1     S E R V  i C E     11 J r     w A z E R 588. 19.6
SOLAR ENERGY f.) SERVI.:€ Hir WAYER 3,)6. 10.2
SOLAR HJT WATER FRACTION .520 .520

rgrAL 6,AD lu614. 353.H
rjrAL biAO BY SJLAR 52/2. 175.7
SJLAR r,fAL FRA:flON .49/ .,/97

ENERGY SAVINGS· FJR DU*ESKIC HJ]' WATER 2163. 72.1
ENERGY SAVINGS· FJR-SPACE HEAriNS 4956. 165.5
EN.ERGi SAVINGS F )R SPACE =UJI,li\IS                     o.         0.0
E:VERGY SAVINGS FJR SPACE CUJLiNG,EXCLUDING L)SSES (). 0.0
rirAL ENERGY SAVIUGS 1129. 237.6
r')1'AL EVERGY SAVINGS,EXCLJI)11'JS LOSSES 7129. 237.6
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Table 7-4.  Definition of Items Calculated in Monthly Summaries

Item Description

Days of data Number of included days

Average daily energy flux (per square meter) Q001

Total incident solar on 44.7 sq. meter aperture area 5005

Total incident solar on 54.2 sq. meter collector area 5006

Incident solar "on" (aperture area) 5007

Incident solar "on" (collector area) 5008

Solar energy collected Q111

Net storage energy gain during data gaps Net storage gain for month, (Net storage
energy gain, included days) x (Days in
month/Days of data)

Apparent energy delivered to storage Q200 + (Net storage energy gain during
data gaps)

Net storage energy gain for month 8Q205

System collection efficiency (Total incident, aperture) N103
System collection efficiency (Total incident, collector) N105
System collection efficiency (Incident "on", aperture) N104

System collection efficiency (Incident "on", collector) N106

Space heating load (coil) Q402

Space heating by solar (coil) Q412

Solar space heating (coil) fraction Q402/Q411

Solar energy lost from storage Q604M

Useful solar energy lost from storage Q650C

Total space heating load Q610

Total solar space heating Q611

Total solar space heating fraction N401

Space cooling load Q512

Solar space cooling Q540
Solar space cooling fraction N501

Total cooling supplied Q502

Solar cooling supplied Q541

Solar fraction of cooling supplied N502

Solar energy delivered to preheat tank Q312

Total energy to service hot water Q302
Solar energy to service h6t water Q313
Solar hot water fraction N301

Total load Q606
Total load by solar Q607
Solar total fraction N601

*nB and nHW are the boiler and hot water burning efficiences and COP is the chiller
coefficient of performance
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visual readings of electric meters were threfore used in the analysis of

the October-March operation and automatic recordings were used in the

July-October period.  Monthly totals of these electric energy quantities

and solar energy usage per unit of electric energy for collection are

tabulated.  Readings of other electric meters were periodically recorded,

and monthly electric usage for other system pumps was calculated.  Table

7-5 contains monthly, electric energy consumption for solar collection

distribution of solar and auxiliary heat, and chiller operation, as well

as solar energy delivered to uses and the corresponding ratios.



Table 7-5.  Solar and Pumping Energy (MJ/day)

Month Solar Electric Solar Use Solar Electric Total

Energy Energy + Electric Plus Energy Energy
Used for for Collection Auxiliary for Use +

(.1) (SCOP)
 

Used                     (2)     for
Collection Distillation Distrib.

October 1978 220 20.6 10.7 317 9.4 33.7

November 176 12.2 14.4 354               (3)

December 218 9.0 24.2 483 13.6 35.5

January 1979 196 9.5 20.6 652 9.4 69.4

February 297 13.1 22.7 559 9.8 57.0

March 266 11.1 24.0 352               (3)                       -
2

July 1979 187 15.1 12.4 259                (3)

August 219 13.7 16.0 260 20.1 (4) 12.9 (5)

September 306 16.2 18.9 409 50.8 (4) 8.1 (5)

October 261 14.8 17.6 294              (3)

(1) For collector pump, storage heat exchanger pump, hot water preheat pump.

(2) Pump for water to heating coil or chiller generator.  In July-Oct, includes also chilled water pump,
cooling water pump, cooling tower fan, LiBr solution.

(3) Data not available.

(4) Based on electric meter readings August 6-27 and September 4-25.

(5) Values of total cooling delivered + total electric usage for collection, distribution, and

chiller operation are 2.96 and 2.40 in August and September.  If solar heat usage for
hot water had also been used for cooling, total solar cooling delivered + total electric usage
would have been 3.37 in August and 2.63 in September.
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7.4  DAILY PERFORMANCE OF THE SOLAR HEATING, COOLING AND HOT WATER
SYSTEMS

Monthly summaries of daily system performance are presented in

Appendix C, as Tables C-1 H through C-SH (heating) and C-1 C through

C-4C (cooling), for the period 1 November 1978-31 October 1979.

An example (November) is also shown in this section as Tables 7-6H.

The definitions of the quantities in the monthly summaries are given in

Chapter 5 of this report.  In the last lines of each table, the daily

values are totaled and divided by the number of days of data to obtain

daily averages.  .These averages are then multiplied by the number of

days in the month to obtain monthly totals which are also given in

Section 7.3.  Totals for March and October are based on the portions of

each month during which the solar systems operated.  This procedure is

based on the assumption that the days for which data are available are

representative of the entire month.  It was shown in the 1977-78 Solar

House I report [9] that this is a satisfactory approximation of the full

month.  Comments pertaining to the data appearing in the tables are

presented in Appendix A.

Figures 7-5H, 7-6H, 7-5C and 7-6C are plots of daily energy

collected versus daily incident energy.  The effect on performance of

the temperature difference between storage and ambient is partially

recognized by segregating the data into a set for which AT was less

than 45° and another set for which AT was greater than 45°.  Points

representing unusually high and low AT values are identified by

numbers representing the difference.  A regression analysis of the

equation, Q111 =a+ b(S005) yielded correlation coefficients

of about 0.97.

7.5  HOURLY PERFORMANCE OF THE SOLAR HEATING, COOLING AND HOT WATER
SYSTEMS

Figure 7-7C displays several important hourly thermal and

temperature quantities for a three day period in the cooling season.

Many of the control and timing aspects of cooling systems operation

are shown.  A typical auxiliary and solar supply sequence is shown. On

many evenings, cooling demand persists beyond the time when storage



Table 7-6H.  CSU Solar House I System Performance for Month of November, 1978

„,    Sqtlt,  Eit'X   "illi i"iNi     i#OAC:-)*ii,    e,)114, 14&0* 3ii<E      Q.3 i      , i.i,    if€<" 3%:  E EY  '1*j:.3ii:.-NK,41-.f"j'iill
HEAI- CJJO- .WATER HEAr- Sr)RAGE ISEFUI, LJSSKS :036- WArER USEFUL HEAr- ·COOL- WAr ER HEAr- ZIj,6- WATER
INS INS, H€AT- iNG 6/SSES HEAr- E 51'1- ING HEAf- ENERGY ING ING HEAk'- IVG I „16 HEAr-

ING ING MAril IvG i". INS

1 215.9 0.1) 12.2 228.1 115.0 1JO.9 215.9 114.3 0.0 5.0 220.9 0.0 0.0 7.2 1.2 1.000 J.Uju .410

2 158.0 0.9 10.9 164.9 3.2 1,4.8 158.0. 127.3 0.0 3.4 161.4 0.0 0.0 7.5 1.5 1.000 U.UJU .312

3 216.6 O.J 9.7 226.3 25.1 .191.5 .216.6 139.1 0.0 2.6 219.2 0.0 0.0 7.1 7.1 1.000 0.-UOU .268

4 175.3 0.0 7.8 182.8 l H.J 157.0 115.0 127.3 0.0 .9 175.9 0.0 0.0 6.9 6.9 1.000 0.000 .tls

5 660.0 0.0 23.2 684.9 563.5 97.3 660.8 85.6 0.0 16.8 571.6 0.0 u.u 6.4 6.4 1.000 -0.UJU .724

6

7

8 111.1 0.0 9.5 120.6 .6   d 6.0 86.6 106.1 0.0 .9 87.5 24.4 B.0 8.6 33.0 .180 0.000 .095

9 0.0 0.0   .8.8 0.8 O.U 11.0 0.0 /J5.1 U.0 0.0 0.0 0.0 0.0    8.8 8.d 0.000 O.UJU 0.000

10

11                                                                                                                                                  

12

13 710.1 0.0 49.H 760.5 41•1 0.0 11.3 541./ .112 0.000 .77317.7 79.4 23.5 0.0 38.5 117.9  630.4

14  50/.3· 0.) 23.5 530.8 233.9 9.5 243.4 23.7 J.0 13.5  256.9 260.6 0.0 10.0 2/0.5 .48/I 0.00J .514

15

16

17

10

19

20  :j 3.3 0.0 It'.0 449.3 110.0: -57.9 12.1   -6.6 ·0.0 4.4 46.5 390.2 0.0 11.6 401.d .097 0.000 .275

21 402.0 0.0 11.6 414.4 27.7. -21.5 6.2 -5.3 0.0 0.0 b.2  39h.4 0.0 11.6 408.0 .015 O.uju 0.000

22 16/.1 0.0   37.1 204.8 1Oh.U -48.1 51.9 6.9 0.0 25.6 83.5 108.4 U.0 1 l.5 1/9.1 .346 O.U·,0 .6,0

23  344.6 -0.0 32.5 317.1 162.2 LA.4 191.1 26.1 0.0 22.3 213.4 150.8 0.0 10.2 161.0 .555 0.0/0 .686

24 4lb.6 0.0 18.5 435.1 222.3 32,5 254.8 21.7 0.0 9.0  263.8  1SH.6 0.0 9.5 168.1 .612 O.U,0 .486

25 361.1 0.0 12.6 379.7 143.0 -25.2 11*.6 6.1 O.U 2.6  121.2 246.8 0.0   10.0 250.8 .323 O.UJU .2 J 6

26  301.7 0.0 13.2 380.9 74.u .1 74.7 0.7    J.0 2.H 77.5 293.1 u.0 10.4 303.5 .203 O.Uju .212

27 340.9 0.3- 34.4 375.3 117.6 17.9 135.4 18.3 0.0 23.5 158.9 203.8 0.0 10.9 214.7 .397 -0.UOU .683

28 466.5 0.0 21.u  487.5  202.3   38.6 24u.8 15.1 0.0 9.0 244.d 223.0 0.0 12.0 235.0 .516 0.000 .429

29  341.5 0.0 40.1 377.6 129.6 44.7 174.3 29.5 0.0 17.9 192.2 171.5 0.0 12.2 103.7 .501 0.UJU   .595
30 214.3 0.9 9.i 283.9 134.1 45.0 179.1 36.1 0.0 5.2 184.3 43.1 0.0 4.4 97.5 .653 0.000 .543

r]rAL 6684. 3. 392. 1076. 2450. 931. .1311. 1000. 0. 204. 3515. 3351. 0.   188. .3539. .495 O.UJU .520

DAILY 334.2 0.1 19.6 .353.8 t 22.5 46.6. 165.5 50.0 0.0   10.2 175.7 167.6 0.0 9.4 117.0 .495 : 0.000 .520

4JNrH 10025. 3.   SHA. 10614. 3676. 1397. 4966. 1503. 0. 306. 3272. 5027. 0. 282. 5309. .495 0.000 .520

16.dJMUUL)N - 3£..i-LI-lll L E S                                                                         

* BASED 04 54.2 3 J.V C)66£Ci]R AREA
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Table 7-6H (continued)

---- 366·I'l'·lit   PE.RF·IRM# #LI·I---   --411,1,ER   P ,·41'OR 1 111-E-
11601 SOOK 5008 Q111 N100 Q502 Q541    N502

DAY rji'AL l'Ut'Au SOLAR* HEAr AVERAGE rl/'AL S J 1, A R F q A Z-
S06AR* All EN DELIV- EFFIC- OUTPUT 11Jl'PUj' 1'11,  3Y

:166€Cr- ERED lENCY SOL,AR
ING

1 .958 955.2 HOY.2 210.3 .220 0.0 0.(' 0.001    3.1

2   .956 1315.1 1113.5 299.3 .228 0.0 0. U 0.000    3.3

3   .969 1212.0 1021.8 281.3 .232 0.0 0.0 0.0,1   1.8

4 .952 915.2 bU 9.3 139.2 .152 0.0 U.0 0.000    3.5

'           5 .991 672.1 451.9 140.0 .208 0.0 0.0 0.010    8.1

6

7

8 .725 700.6 395.S 107.7 .154 0.0 0.0 0.0JO    3.4

9 0.000 825.1 509.7 135.7 •164 0.0 0.0 0.019    3.1

10

11

12

13   .155 1366.6 1290.0 476.9 .349 0.0 0.0 0.00)    6.H

14 0484 32.6    3.b -.4 -.013 0.0 0.0 0.019 9.0

15

16

17

18

19

20 .104 54.2    0.0 0.0 0.()UO 0.0 0.0 0.099 13..1

21   .015  605.7 8.7 .1   .000 0.0 U.0 0.009    1.3

22 .408 892.3 140.9 246.7 .270 0.0 0.0 0.0))    7.2

23 .566 1322.4 1175.5 436.H .330 000 0.0 0.0 J 9 9 . 0

24 .606 537.) 290.9 91.4 .1/0    0,0 0.0 0.003  8.2

25 .319 87.2 0.0 0.0 O.U00 0.0 0. l) 0.000    9.7

26   .203. 392.3 244.3 59.5 .152 0.0 0.0 O.OJO 11.0

27   .424.1233.3 1153.5 391.9 .31H 0.0 1).0 O.009    1.5

28 .513 533.8 446.8 1'31.0 .245 0.0 0.0 0.001    9.5

29 .509 924.2 834.7 326.5 .353    0.0 0.0 0.0 1 9              1.2

30 .649 999.0 404.) 335.3 .336 0.0 0.0 0.00) h.2

rirAL .491 15576. 12005. 3809. .245 0.0 0.0 0.03 1 144.6

DAlLY .491 778.8 hOO.2 190.5 .245 0.0 0.0 0.001    7.2

VJWTH .497 23361. 18007. 5/13. .245 0.0 0.0 0.009 216.9
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temperature is sufficient to provide energy to the generator, so

auxiliary heat is then used.  Auxiliary heat is also frequently

the energy source for supplying cooling when first needed the next

day.  This operation is often brief because the air conditioning load               I

usually lags rising insolation levels and ambient temperature, so that

storage temperature can rise to the 75° switchover point and solar

operation can commence.

When cooling is being supplied at night by use of auxiliary

heat, the storage temperature decreases slowly because of heat loss

from the tank and because of solar heat use for hot water heating.

The demand for air conditioning is usually coupled to the total

daily insolation, so solar energy is capable of supplying most of

the load.  However, when solar intensity decreases late in the day

while a high demand for cooling exists, the capability of solar

to meet the requirements is rapidly reduced.  Figure 7-7C shows that

the storage temperature profiles do not reach levels on the second

and third days as high as on the first day.

A figure comparable to 7-7C for heating was not developed because

hourly values of auxiliary usage were not available.  The off-peak

contribution to space heating, estimated from core temperature changes,

was available only on a daily basis.

Figure 7-8C shows the improvement in instantaneous system

collection efficiency (based on hourly mid-day data) that was achieved

by replacing the original cover glass in July 1979 with one having about

eight percentage points higher solar transmittance.  It is seen,

however, that measured collection efficiency, even after cover replacement,

did not reach the levels attained in manufacturer's testing.  Heat

capacitance effects and less effective contact between tubes and

heat transfer plates may be primary causes of the differences.

Performance of the off-peak electrlc heat storage unit was

continuously monitored through the heating season.  After initial

adjustment, it operated reliably and effectively.  Control improvements

were found to be needed, however, for minimizing auxiliary electric

requirements.  During the start-up period in November, 1978, 1315 kW-hr

of off-peak electric energy was stored in this unit for use during
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daytime periods when stored solar heat was inadequate.  Maximum night-

time charging rate was 15.6 kW.  During that month, only 151 kW-hr of

electricity were used during the day-time (on-peak) at a maximum rate of

1.0 kW for operation of pump and blower motors.

Typical and detailed performance of the off-peak auxiliary

heat storage system is shown in Figure 7-9 (a and b).  Figure 7-9

shows results for a typical November day.  Power input and losses from the

solar and off-peak storage units (Figure 7-9a) as well as the energy

content and cumulative energy loss from these reservoirs (Figure 7-9b)

are shown.  At the start of the off-peak power period (22 hours), the

Off-peak furnace contained 75 kW-hr and solar storage was essentially

depleted.  The off-peak furnace heaters came on at a 17 kW power level

at this time and remained at that level for about one and one-half hours

before dropping to an 8 kW input.  The power remained at the 8 kW level

until 4:00 a.m. to 5:00 am, at which time the energy flow to the off-

peak furnace went negative.  The negative state indicated the heaters

had been turned off and extraction of energy from the storage core had

started.  During the period from 22 hours to 6 hours, a small amount

of energy was supplied to the house as a result of heat leakage from the

furnace core and from the night heater.  Although the purpose of the

night heater is to supply electric heat directly to circulating air

during off-peak periods, there is some leakage of heat from the core to

air passing through this unit at night.

As the day progressed, the sun rose and energy input to the solar

storage increased.  Solar energy supplied to the house reached about 30

kW-hr at 22 hours, the end of the on-peak period.  Energy in solar

storage at this time was approximately 110 kW-hr.

Two undesirable aspects of the off-peak furnace operation involve

(1) the unintentional leakage of heat to the room and duct air and (2)

the change in the core storage heating power level from 17 kW to about 8

kW and then to zero during the off-peak period.  The heat leakage rate

from the core to the duct air circulated through the night heater

(designated by "h" points and a dotted line in Figure 7-9a) is observed to
reach a maximum of about 1 kW when the core energy reached its peak.

This loss occurs primarily because of damper leakage in the furnace.
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The rate of heat loss directly to the room in which the off-peak furnace

is located (designated by "r" points and a dashed line) rose to a

maximum value of about 2 kW at about eight hours.  By the end of the

day, heat supply to the house from these two sources is observed

in Figure 7-9b to have reached about 10 kW-hr and 35 kW-hr,

respectively. The fact that the sum of these unintentional electric heat

supplies is slightly more than the intentional heating of duct air (line

d) in the furnace core indicates that heat leakage rates are excessive.

The decrease in the core storage heating power level from 17 kW to

8 kW to zero is undesirable because utility charges are often based on

both an energy charge and a more substantial monthly demand (peak power)

charge.  Operation at an 8 kW power level throughout the off-peak period

would have resulted in about the same level of energy input to the core

but, because of lower maximum demand, would have cost about half as much

as did operation in the irregular fashi6n shown in Figure 7-9a.

Figure 7-10 shows operation on another typical day.  In this case,

both solar and off-peak furnace storage levels were so high that no

energy additions to the core were needed during the off-peak period.

During the day, energies stored in the solar tank and the furnace core

were sufficient to meet the demand.  Again, heat losses from the furnace

core to the room and duct air were substantial, although solar heat

delivered to the duct air provided most of the house heat.

The observed changes in the off-peak power supplied to the storage

core (Figure 7-10a) suggest that the controller is changing power demand

as a result of changes in temperature of the furnace core and the

outside atmosphere during the night.

In Figure 7-11, the fraction of full charge that should be stored

in the off-peak unit as a function of outside ambient temperature is

shown as a solid line.  The data points show that the amount of

energy actually supplied to the core is almost always less than

indicated by the control curve.  Power to the core heaters is apparently

being terminated before the programmed energy storage level is

reached.  Due to the failure of the controller to minimize peak

power demand and associated cost, design of a new controller for the

next heating season was initiated.
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7.6  PERFORMANCE COMPARISON

Ih Figure 7-12H, system collection performance during

the heating season in Solar Houses I, II and III is compared.  Th
e

three solar houses are of identical style and size and are constructed

of essentially the same materials.  The only significant differences are

in the solar energy systems.  The air system in Solar House II has a

Solaron flat plate collector with a selective absorber and single

cover.  Heat storage is in a vertical rock bed.  The li4uid system

in Solar House III has a flat plate Chamberlain collector with single

glazing and selective absorber.  A horizontal cylindrical storage

tank with sprayed-on insulation is located in a contiguous structure

that can be vented either to the atmosphere or to the build
ing.

Solar House III also has a Yazaki 2.3 ton lithium bromide absorption
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chiller and an air-to-air heat pump in parallel with the solar

system for auxiliary heating and cooling.

The 45° slope of all collectors results in levels of incident

radiation that do not differ greatly month-to-month.  Generally clear

skies and favorable solar incidence angles provide winter radiation

levels nearly as high as the spring.

Only in February is the system collection efficiency of Solar

House I seen to be greater than that of the other two houses.  Pro-

longed retention of snow on the cover plates occurs because of low

upward heat losses from evacuated tubular collectors.  Snow may be

retained for one or more days while insolation causes melting of a

thin layer of snow and rapid sliding·from the conventional collectors
on the other houses.  Inspection of the data shows that even though

'    solar radiation was being received,.there was no collection in Solar

House I on part or all of one day·in November, seven days in December,

five day in·January, three daysin February,.and four days in March.

Exclusion of those days from calculation of averages shows system collection

efficiencies of 32.5%, 38.0%, 32.4%, 37.5%, and 34.8% for November

through March, respecti#ely.  The first three days in November were

also excl,uded because of abnormally high storage temperatures.
Figure 7-12C shows a comparison between cooling system performance

in Solar House I during -1979 and that of Solar House III in 1978 and
one month in 1979. Although not for'identical periods, it is seen that
in comparable months,rsystem performance in House  I,  wi th evacuated

tubular collector exceeded that in House IIi with flat plate type.

7.7  COMPARISON WITH COMPUTER MODEL.'

The actual solar heat supplied for space heating and hot water

ls compared in Figure 7-13H with the output· computed by use of a
mathematical model.  The model, known as F-chart, requires collector

performance characteristics supplied by the manufacturer or obtained

by measurement.  Other system parameters included in the model are the

heat capacity of storage, effectiveness of heat exchanger between

collector and storage, and effectiveness of heat exchanger between
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stored hot water and room air.  Fractions of monthly heating and

hot water demands supplied by solar were hand-calculated by formulas

and charts equivalent to the computer version known as F-Chart-3.

Rather than some other mathematical model, F-Chart was used

in the comparison because of its widespread adoption for sizing

solar heating systems and predicting their performance.  It is a

convenient empirical equivalent of the more precise TRNSYS model

which has been well validated.  Experimental results reported herein

may be used on a daily basis or monthly basis in comparisons with

other models.  Instead of the long-term temperature and solar averages

normally employed in system design work, actual measured monthly

average ambient temperatures and solar radiation levels were used

in the calculation of expected solar heat delivery.
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8.  ECONOMICS

The costs of experimental and prototype components are quite

different from those of the equivalent mass-produced versions.  Moreover,

the added complexities of instrumention and one-of-a-kind designs in

experimental systems involve substantially higher installation costs.
Since there is no firm basis for meaningful projection of the cost of

future, mass-produced systems evaluated in this project, no estimates

are presented.
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9.  DISCUSSION

9.1  COLLECTION

The effect of cover glass transmittance on solar collection is

clearly illustrated by Figure 7-8C.  The approximately eight percentage

point improvement in transmittance translates directly into almost the

same percentage point increase in midday system collection efficiency.

This effect may also be seen in Figures 7-5C and 7-6C where the points

for July 1 through 5, obtained before cover glass replacement, are

clearly below subsequent points.

Figure 7-8C shows maximum system collection efficiency with the

higher transmittance cover glass about 5 to 7 percentage points below

instantaneous steady state efficiencies based on collector test data.

The difference is due mainly to about three to four percentage points        -

heat capacitance effect and to about three percentage points piping heat

loss.  Measurements of energy collected are made at the storage tank and

thus include heat losses in the piping between collector and storage.

The capacitance effect is caused by storage of some of the collected

energy in the collector system, the temperature of the entire collection

system progressively rising during the greater part of a typical day.

This effect, which can be calculated from the known heat capacity of the

collector system, was observed experimentally during the testing of

coverglass transmittance.  In this experiment, cold water from the main

was blended with supply water from storage to maintain an unchanging

collector inlet temperature over a sustained period.  Measured system

collection efficiency was found to increase about four percentage points

in these tests.

The effect of increased cover glass transmittance, while clearly

evident in the comparison of summer performance in 1978 and 1979, is

not observed when efficiencies in the winter of 1978-79 (Figures 7-5H

and 7-6H) are compared with those of the 1979 summer (Figures 7-5C and

7-6C).  It is speculated that sky temperature differences and incidence

angle effects may be responsible for a six to eight percentage point

superiority in winter performance. This issue is being investigated.
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The low upward heat loss coefficient in a selective evacuated

collector is sometimes a disadvantage because of the slow rate of snow

melting and sliding.  As the discussion in Section 7.5 indicates, col-

lection efficiencies were lowered two to eight points during the five

winter months in 1978-79. These effects can also be seen in

Figure 7-5H, where there are ten snow cover days with incident energy in

excess of 600 MJ.  On four days, complete snow cover resulted in no

collection, and on six days, partial snow cover caused subnormal collection.

In comparisons with previous Solar House I collectors [9],

system collection performance in 1978-79 was substantially higher than

that of the system with site-built double glazed collectors, but

lower than that of the system with the Corning evacuated tubular collector.

The latter represents what is felt to be the highest efficiencies practically

attainable in solar collectors.  In a comparison of the experimental

House I collector with the single glazed selective, state-of-the-art,

flat plate collectors on Solar House III, Figure 7-12C shows the Philips

Mark IV collector to have a performance advantage in summer operation.

The low rate of heat loss from the evacuated tubular collector,

evidenced by the low slope of the efficiency curve, results in greater

collection.  If snow can be removed by some practical means, the dis-

cussion in Section 7.6 shows the Philips collector to have a slight

performance advantage in winter also.

Electric power usage for collection is seen in Table 7-2 and 7-5

to be acceptably low solar heat delivery averaging about 17 times the

electricity used.  Electric consumption for collection is thus about

6 percent of solar heat delivery.  Table 7-5 shows that electricity

use for heat distribution to space heating and hot water is only 2

to 3% of total heat delivered to loads, and about 10% of heat supply

to cooling.

9.2  STORAGE

The sectional insulated container shown in Figure 3-6 represents

a significant improvement in thermal storage tanks.  Tank erection

including placement of the linear was accomplished in four hours.
Although, the measured thermal resistance of 2.4 m2.°C/W did not

equal the rated 6m2.°C/W, it is much higher than that of previous
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tanks.  Their poor performance was due primarily to inferior insulation

on the tank walls, bottom, and top (see [9]).  In the new tank, most

of the remaining heat losses are by conduction through thirteen

connecting pipes entering the top of the tank.  The large vent pipe to

the outside, necessary in a nonpressurized system, was probably

a major factor.  Fewer connections would be needed in a non-experimental

installation.  Heat and vapor losses from the vent will be studied and

measures will be taken to reduce them.

Significant thermosyphoning was observed in some of the tank piping

circuits before check valves were installed.  Tank losses would have

been about twice as great without check valves.  Reduction of these

comparatively small losses becomes important when a well insulated tank

offers the advantages of a very low loss system.

As long as most losses occur in a timely way into a heated space,

heat loss reduction measures may not pay for themselves.  But in the

cooling season,.when heat loss imposes additional demand, or when

heating is required only at intervals, heat loss reduction measures are

usually cost effective.

Temperature stratification manifolds (baffles) shown in Figure 3-7

have performed very well.  After installation of tempering (by-pass) valves

to regulate the temperature of hot water to the chiller, the average

difference in temperature between the top and bottom, of the storage

tank during collection and use was about 120C.  Stratification increased

collection efficiency by about three percent.  Stratification also

causes higher average temperature water to be supplied to the generator

resulting in higher chiller COP's.  A higher generator supply temperature

results in increased chiller COP, greater uitlization of solar, and

reduced auxiliary energy requirements.

9.3  HEATING

The off-peak electric heat storage auxiliary did not require

daytime peak rate electricity at any time during the 1978-79 heating

season.  This experience demonstrates that present and prospective

electricity pricing policies that would penalize solar can be successfully

circumvented.
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One of the design faults in the present off-peak unit is a high heat

loss ratewhich averages about 25 percent of the total electric heat

stored.  This loss was not a serious problem in this climate during most
of the heating season.  It supplied part of the heating requirements

of the house since, as can be seen in Table 7-1H, there was no

significant indoor temperature rise above thermostat settings while the

off-peak unit was in operation.  In mild weather, however, this loss

effectively reduces the demand for solar heat and increases auxiliary

energy purchases.  Means for decreasing the loss will be investigated.

Another design fault is the limited off-peak control capability

that results in lower solar utilization and higher solar storage tempera-

tures.  Conventional two-stage thermostat control (upper point actuating

solar supply, lower point adding, rather than substituting, auxiliary

supply) did not function satisfactorily, so it was necessary to rely

on the off-peak unit to supply heat whenever the solar storage tank

fell below 25'C, whether or not such a solar supply temperature could

satisfy space heating requirements.  In mild weather, electric heat was

therefore sometimes used when solar heat would have been adequate.

An advantage of the series-booster design where solar preheating and

auxiliary boosting is used, is the effective utilization of solar heat at

lower temperatures than in a parallel system.  With lower average storage

temperatures, collection efficiency is increased.  Improvements in

control system design are therefore planned.  Leakage through dampers

when off-peak heat is not being used can also have the same deleterious

effect on average solar storage temperature and will therefore be

investigated.

Along with improved control schemes to apportion heat from the off-

peak unit more advantageously, better control in charging the unit is

desirable.  Also needed is two-stage thermostat control, with automatic

by-passing of the entire off-peak unit when only the first stage is

actuated.  Second stage operation should then continue solar supply to

the coil and auxiliary boosting in the off-peak unit.  Microcomputer-

based approaches by which ambient temperatures are predicted and the

charging of the unit accordingly adjusted are being developed for

implementation next heating season.
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9.4  COOLING

Heat losses from storage have decreased sub&tantially since the
installation of the Bally tank. Ftgure 7-1H and 7-1C show the losses

to be nearly the same fraction of the energy input to the tank.  When

average storage temperatures shown in Figures 7-2H and 7-2C are compared
with indoor temperatures of about 21°C in winter and 25°C in summer, it

is seen that the temperature difference between tank contents and the

room is about 2.5 times as great in the summer as in the winter.  Summer

heat loss would therefore have been ab6ut 14000 MJ rather than 5611 MJ

if the old tank had not been replaced.  The effect on cooling demand would

have been almost a doubling of the 13,437 MJ cooling actually required.

These  high  cool ing requirements and storage losses had preBiously  been

encountered as can be seen in the 1977-78 Solar House I report [9].

Figure 7-4C shows that COP's for both auxiliary and solar chiller

operation during 1979, though higher than the 0.4 levels in 1978, did

not reach the 0.6 values usually measured in 1977.  The most likely

reason for lower COP ts a decreased rate of air flow through the duct

coil through which chilled water is circulated.  At the lowered heat

transfer rate, "overfiring" of the chiller can occur with decreased COP.

(Air flow rates were subsequently increased and performance improvement

was observed).  Other means for increasing COP's are being investigated.

A manual tempering valve and later an automatic tempering valve

were installed in the hot water pipe to the generator so that supply
temperature could be limited to 80°C and overfiring avoided.  Figure 3-10

shows maximum COP levels are realized by preventing higher generator

supply temperatures.  By use of a tempering valve, solar cooling can be

provided for greater portions of the day, less auxiliary heat is required,

and increased collector efficiency is obtained by improved storage

temperature stratification that results from lower flow rate from tank

to chiller.  A previous conclusion, [9] that the cost of a tempering

valve could not be justified by the benefits, was not based on a system

having stratification enhancement.  It is now concluded that such a

valve is cost effective for the chiller characteristic shown in Figure

3-10.
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Although thermal COP values are acceptable both with solar supply

and auxiliary supply, and overall conversion of solar radiation to

cooling is satisfactory, Table 7-5 shows that electric energy usage for

cooling is excessive.  Parasitic power consumption, particularly for

supply and rejection of heat to and from the chiller approaches electric

requirements for conventional vapor-compression air conditioning.

9.5  HOT WATER

Figures 7-1 H and 7-1C show tkat about 25 percent more solar hot

water was obtained in the surnmer when the system design corresponded

to that in Figure 1-2C rather than in the winter design shown in

Figure 1-2H.  No conclusions as to design preference can be drawn

from these results because other factors were not comparable.  Summer

operation is at higher temperature levels, so a greater hot water fraction

should be possible. · In winter operation, the heating coil bypass was not
used, thus limiting hot water heating to periods in which space heating

was also·required.  Finally, the total hot water demands were not

comparable.  Differences in performance of these systems are being

studied by simulation methods.

9.6  INSTRUMENTATION AND DATA COLLECTION

In the 1978-79 heating season, there was no instrumentation for

measurement of air flow and air temperature rise through the off peak

auxiliary unit.  It had previously been concluded that recorded core

temperature changes could be used to calculate the hourly energy

supplied to the air stream.  It was subsequently found that this calculation

was inaccurate for periods shorter than one day.  There was some

uncertainty even in the daily estimate, one day's energy addition perhaps

being understated and the next overstated.  Instrumentation for measuring

energy received by the air stream has been ordered for the 1979-80

heating season.

9.7  COMPARISON WITH MODEL

Comparison of measured and computed fractions of the monthly heat

requirements supplied by solar energy shows that the model overstates
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the performance of the system with the Philips collector.  Differences

of 10 to 17 percentage points in the load fraction carried ky solar may

be observed. The seasonal heating fraction actually supplied by solar
was 13 percentage points below the computer estimate.  This difference

is equivalent to overpredicting the seasonal solar heat supply by 30

percent.

The model itself probably does not closely conform to the system

because the collector loss parameter values are not within the stated

range of model validity.  How closely the model resembles actual system

operation is also a question.  For example, snow.cover contributed to

the differences and heat loss from the off-peak electric auxiliary

heater into the building reduced the need for, and use of, solar heat.

Although the rough agreement of the model may be adequate for sizing

solar heating systems in individual residences, more detailed methods

are required for guiding the design of larger commercial systems.  The

results of this comparison do not provide a basis for judging the

validity of the model or the quality of the experimental results.
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10.  CONCLUSIONS AND RECOMMENDATIONS

10.1 CLASSIFICATION

The conclusions are divided into three categories.  The first,

Definitive Findings, includes conclusions which are broadly based on

important results of the investigation.  These major points are derived

both from the quantitative measurements and from practical observations.

The second category comprises conclusions on the quantitative

performance of systems developed during the period covered by this

report and comparisons with other systems and with performance models.

The third category includes conclusions on various topics not covered in

the previous two groups.

10.2 DEFINITIVE FINDINGS

o       Solar Cool ing Improvement
Although solar cooling delivered by the Philips Mark IV

experimental collector, Arkla WF36 chiller, and well-

insulated stratified storage was not as high as that attained

with the system employing the Corning evacuated tube collector

in 1977, the fraction of the total cooling demand met by solar

*              was higher, actually above 75%, in every month of the 1979

summer.  This major increase in load fraction carried by solar

was due primarily to the decreased total cooling demand

resulting from substantial reduction in heat losses from

storage.

o    Elimination of Peak-Load Problem with Electric Auxiliary Heat

A serious obstacle to use of electric auxiliary heat with solar

heating systems has been effectively removed by successful

combination and use of an off-peak electric storage unit with

the solar heating system.  Although improvements in the commercial

off-peak unit are needed to maximize its benefits, operation

of the system through an entire winter was achieved without

once requiring electric back-up during daytime (peak) hours.

This result is demonstrable proof that electric auxiliary for

solar heating does not need to be a problem for the public
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utilities and that, on the contrary, system benefits can be

obtained.  Closer control and better thermal design will

enhance these benefits. ) -

o    Doubling of Long-Term Solar Heat Delivery per Unit Collector Area

A doubling of typical useful solar heat delivery over extended

periods has been achieved by use of evacuated tube collectors.

"Fine tuning" of the solar heating and cooling system has

resulted in an annual solar collection and utilization as high

as 2100 MJ/m2 (approx. 200,000 Btu/ft2). This total is
believed t6 be the highest attained in any solar heating and

cooling system supplying as much as two-thirds of the annual

energy requirements of a building, although comparable                
deliveries have been reported for systems in which smaller

load fractions were met by solar.

o    Cost-Effective Solution to Heat Losses from Storage

A "breakthough" in solar heat storage can now be asserted as a

result of providing in a solar heating and cooling system a

greatly improved sectionalized container for hot water storage.

In addition to installation economies.achieved by modular design,

measurements show that heat loss from storage at about 75°C

was reduced from over 100 MJ/day dissipated from the site- *

insulated tank into a well-insulated equipment room to less

than 60 MJ/day from the new tank into an area open to the

entire living space.  Since the R-34 (engineering units)

insulation of the container permits a conduction loss

of only 15 MJ/day at this temperature, further reductions

require control of vapor loss, conduction through piping,

and thermosiphon circulation.

o Successful Temperature Stratification in Heat Storage Unit
Outstanding benefits are being realized by use of a system for

obtaining effective temperature stratification in liquid solar

storage.  By use of specially designed perforated feeder and

delivery conduits submerged in the tank, consistent tempera-

ture differences of 7°C are obtained between the bottom and

top of the tank.  Under best conditions, differences greater
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than 10°C prevail.  Improvement of solar collection efficiency

and higher temperatures in the supply to use (particularly

important for absorption air conditioner operation) are

advantageous.

o    Continuity of System Operation and Data Procurement

The system was operated during the 12-month peri6d nearly

continuously.  On only one day out of 396 days did the

heating, cooling, or hot water system fail to supply sufficient

solar and/or auxiliary heat to meet the full demand.  The

continuity of operation was intentionally interrupted several

times for system modification, installation of measuring

sensors, and the like.  Data acquisition was also satis-

factory, only 35 days out of a total of 274 operating days

requiring omission from calculation because of incomplete data

or system shut-down.

10.3  UANTITATIVE COMPARISONS
o    Solar Collection Efficiency

Of 5154 MJ solar energy, received per square meter of collector

aperture during the 10-months of operation, 1645 MJ were

collected and delivered·to use in the building.  Of 2905 MJ

incident solar radiation. during the heating season, from

October 1, 1978, to March·14, 1979, 30%, equivalent to 868 MJ,

were collected for use. . During 109 days in summer and fall,
2249 MJ of solar radiation were received per square meter,

of which 777 MJ, or 35% were collected for cooling and hot

water use.

o    Solar and Auxiliary Utilization

Of 61481 MJ total space heating demands between October 1,

1978 and March 14, 1979, 50%, equivalent to 30911 MJ were supplied

by solar energy.  For cooling, between July 1 and Oct6ber 17,

1979, 23194 MJ, equivalent to 79 percent of the total 29183 MJ

energy supply for cooling, were supplied by solar.  When

cooling with solar energy, the average coefficient of performance

was 0.45.  Total cooling supplied was 13437 MJ, of which 77%
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were from solar.  During the 10 months of operation, the energy
required for water heating was 12169 MJ, of which 5378 MJ, or

44% were supplied by solar.

o    Electric Energy Consumption

Electricity usage ("parasitic power") for collection of

solar energy was acceptably low, averaging 6% of heat

collected and used.  Electricity for distribution of solar

and auxiliary heat to space heating, hot water, and cooling

equipment was only 2 to 3% of the total loads, but power

requirements of the chiller and accessories were over 10%

of heat supply to the cooling system.  Low electric COP,

(total cooling supplied per unit of electric energy

used for collection, distribution, and chiller operation)

in the 2.6 to 3.4 range is a severe system penalty.

o    Performance Comparisons

Although not as high as the solar energy delivery by the

system supplied with solar heat from the Corning evacuated

tube collector, (1977), the system in which the Philips

collectors were used provided substantially more energy than

did the site-built flat plate collector and associated components

in CSU Solar House I.  For space heating and water heating,

average solar collection efficiency base4 on the flat absorber

plate area in the site-built collectors was 18%, whereas the

corresponding figure for the Philips evacuated tube collectors

based on aperture area is 30%. Efficiency of heat delivery
from the site-built, flat plate collector for cooling and hot

water supply was about 17%, whereas the efficiency with the

Philips evacuated tube system for the same service (but in

different years) was about 35%.

o    Relative Performance of Three Solar Heating Systems

Comparisons of solar collection for space heating show that

the system with the Philips collector supplied an average of

5.26 MJ per m2.day at 30% efficiency, the system with site-

built flat-plate collector provided 2.89 MJ per m2.day at an

efficiency of 18%, and the system with the Corning collector
supplied 7.92 MJ per m2.day at an efficiency of 56%.
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0    Relative Performance of Three Sol.Ar Cooling Systems.

For cooling and summer hot water supply, the present system
output of 7.12 MJ/m2 day corresponding to 35% efficiency, is

much higher than the output of the system with site-built
flat-plate collectors, which averaged 3.13 MJ/m2.day at an

efficiency of 17%, but is less than the output of the previously

evaluated evacuated tube system producing 9.98 MJ/m2.day at

52% efficiency.

o    Comparison of Three Heating Systems in Simultaneous Operation

Comparison of heating performance of the evacuated tube

collector system in CSU Solar House I, the solar air system

in CSU House II, and the flat-plate solar liquid system in

CSU Solar House III, all operating during the same period of

time and under the same solar and environmental conditions

shows that 5.60, 5.94, and 5.91 MJ/m2.day were the average

' values in CSU Solar Houses I, II, and III respectively.

Corresponding solar collector efficiencies are 31. 5%,

34.6%, and 34.2%.

o    Comparison of Cooling Performance During SAmultaneous
Operation of Two Systems

Solar heat delivered in August, 1979, to simultaneous cooling

operations in CSU Solar Houses I and III was 4.2 and 4.1 MJ/
m2.day, respectively.  In this limited comparison, the solar

cooling system with flat plate collectors in House III and

the system with the evacuated tube collectors in House I

performed equally well.

o    Comparison of Performance and Models

Comparison of measured solar heating performance with values

computed by an F-chart model shows monthly differences of

10 to 17 percentage points.  Seasonal performance comparisons

show that the F-chart model overstates the solar fraction of

total heat supply for space heating and hot water by 30%; that

is, 43% of the load was -actually met by solar, whereas 56%
ts computed by F-chart based on the weather and solar conditions

that prevailed from November 1 through February 28.  It is
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concluded that the F-chart model does not satisfactorily

represent the performance of this system, even though it was

operated and controlled by procedures which should have

maximized its heat output.

10.4  MISCELLANEOUS CONCLUSIONS

o    Consistent Cooling Operation

Dependability of the solar cooling system was substantially

improved over that achieved in previous years.  On only
3 days out of a 109-day cooling season was operation

interrupted by system faults.

o    Diagnostic Data Program

The use of a diagnostic program associated with on-line

continuous system monitoring permitted immediate

recognition of operational and data logging faults

and their prompt correction.  Without such capability,

as in previous years, faults could have gone undetected for

periods as long as 3 weeks.

o    Location and Operation of Water Heating Coil

Operation of the service water heat exchanger

independently of the space heating and cooling

operations resulted in an increase in solar water heating

from an average of 17.7 MJ/day to 27.6 MJ/day.  The magnitude

of the increase is affected, however, by the difference in

weather and solar operation under winter and summer conditions.

It is concluded that the loss in solar water heating capability

resulting from use of the service water exchanger and the

space heating exchanger in series is too great to justify the

saving of a small circulating pump for the service hot water

in the par4llel system. Although not tested, operation of the

series system with a capability for water heating even when
space heating is not required does not appear to offer

significant advantage over the system involving the two heat

exchangers in separate loops.
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o    HAil Resistance

On July 30, 1979, an intense hailstorm passed through fort

Collins·, causing property damage of approximately $50 million.

Among 11 solar heating systems in the path of hail stones as

large   as   1 0   cm   0.5   inches),   the   flat   plate and evacuated

tube collectors at CSU Solar House I were undamaged.  There

was no damage to any of the five collectors in the CSU Solar

Village, and of nearly 1000 collectors in the hail path, only

11 cover glasses were broken.  It is concluded that the risk of

hail damage to collectors with tempered glass covers is negligible.

o    Overall Evaluation

Solar heating, cooling and hot water systems developed

and evaluated in the 1978-79 year provided highly

reliable performance data and operational experience.

Although the solar·collectors did not prove to be a

significant improvement over other types, the performance

of  the integrated system was substantially improved
over that of previous configurations.  Data reliability.

and system performance provide criteria against which

commercial systems in practical residential applications

can be compared.

o    Further Evaluations

Although system reliability and performance were improved

in 1978-79, further improvements are clearly possible

and desirable.  The cost of solar heat can be further ,

reduced by application of improved equipment and its

integration into effective systems and its closely

cohtrolled operation. Evaluation of .newly developed

components in well functioning integrated systems
controlled to maximize solar delivery and utilization

ts critically needed.
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DATA COMMENTS

DATE COMMENT

General-November Auxiliary energy from TPI furnace.  QPG entered manually for each day of the month.  HLDM
was adjusted accordingly.  QSHWS was corrected manually to properly account for losses from

preheat tank.
11  15-16      78   Qu corrected manually.

General-December Auxiliary energy from TPI furnace, QPCG, entered manually for each day of the month.  HLDM

was adjusted accordingly.  QSHWS was corrected manually to properly account for losses from
preheat tank.

12 1,4,5,14, Load flowmeter integrator suspect due to noise problem.  QPCS and QSOLAR manually corrected

15,17,20, to enforce an energy balance.

21,22,24,
25,27      78

12   20,24,26 78 Pyranometerl integrator error, Solar House III values taken for 545.  5450 taken as fraction
of S45 indicated by original data.

12  26,29      78   TODIand HLDDD error, manually adjusted.

General-January Auxil iary energy from TPI furnace, QPCG, entered manually for each day of the month.  HLDM
was adjusted accordingly.  Single measurements available for the following periods; 1-2,
6-9, 17-24, 25-31.  Daily auxiliary energy was apportioned based on degree day heating load

for these periods.  Insolation values suspect due to pyranometer tintegrator error, average
of Solar House II and III values were used for 545 for each day of the month.  S450 was
taken as fraction of S45 indicated by original data.  QSHWS was corrected manually to

properly account for losses from preheat tank.
01 10,11,12, Load flowmeter integrator suspect  due  to  noi se problem.    QPCS and QSOLAR manually corrected

13,14,16, to enforce an energy balance.

27         79
01  15         79   Day omitted due to unreconciled energy balance discrepahcy.
01 31 79   Day omitted; invalid data due to collector testing.

General-February Auxiliary energy ·from TPI furnace, QPCG, entered manually for each day of the month.   HLDM

was adjusted accordingly.  Insolation values suspect due to pyranometer integrator errori
the average of Solar House II and III values were used for 545.  S450 was taken as the
fraction of S45 indicated by original 8ata.  QSHWS was corrected manually to properly

account for losses from preheat tank.
02   1         79   Day omitted; invalid data due to collector testing.
02 2 79   Discrepancy between QSTR and QU between hours 8 and 11 AM.  Manual correction applied to QU.
02 9,10 79   Partial days due to power failure and subsequent Doric problems.
02  11-14      79   Days omitted due to suspect data logging system.
02  21,22      79   Days omitted due; unreconciled energy balance.
02  23-28      79   QPH, QSHWS, QPCS, QSOLAR all include correction for load flowmeter integrator noise.

General-March QSHWS was corrected manually to properly account for losses from preheat tank.
03  15         79   Switched to outside storage tank to begin stratified storage experiments.

General-July Collector and load loop piping was progressively insulated throughout the first half at
the month.  No corrections were made for higher heat losses during first halfof the month

so actual storage losses appear much greater than estimated storage losses.  QPH is much
greater than QSHWS during first several days because it is being charged from an initial

temperature of 10°C.
07 1,2,5,13, Corrections were made for the problems encountered throughout the month in measuring QPH.

19,26,27,
28,29,30   79

08             79   No significant data problems were noted.

09             79   No significant data problems were noted.

10              79   No significant data problems were noted.
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APPENDIX B

TABULATED MONTHLY PERFORMANCE OF THE SOLAR HEATING,
COOLING, AND HOT WATER SYSTEMS

1-                                       
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Table B-1H.  Daily Averages and Extrapolated Monthly Totals,
November 1978

C S u     5 .11, 7 1,      It  J J SE     I

DAILY AVERAGES AVI) EXTRAP)641'ED M]WKHLY THIALS
NOVEMjER 1978

M u N  I' I 1 6 Y DAILY
1,) 1 AuS AVERAGES

DAYS JF DAIA /0 2 (1

AVERAGE DAILY ElERSY Fl,lIK (PER' 1,(J.M) 14.,1 14.4
r JT A 6 Lval,)6\If S.}LAR JV  49./. 5:).M A PE:ki' JRE A 1 t.A 19259. h 4/.3

firAL ivalucvr SJLAR 1, 54./. 5:J.M CJ,62:IUR .AREA 23364. 7/8.8
INCIDEVr SOLAi.'14' (APERfURE AVEA) 14831. 495.0
INCIDENX SULAR ')N' (CULLECNIN,AREA) 18007. 600.2

SJLAR EVERGY :)66ECTED 5713. 190.5          I
NEr Sf,RASE Ev€Kic l;414 0Jitlw. i Al'A GAPS -984. -32.H
APPARE)tr 6,VER,i ,)El,lVERED 1'11 STJRAGE ·1730. 157.7
V E r     S t' . )R A G E     K V : :R SZ      GAIN      F.I R     M  1 1,V t H -21.2-6.45.

COLLE:fiON EFFL:rE\!CY (All'AL thICIDEAr-APERTule.) .29/ .797
Col,66:ilON Efflelt. 4CY (111'AL LNCTOEvr-CJL.,1,1·.Ct' IH) .745 .245
:066<CriON EFFICIKNCY (14210£,r. 'UN' -AFERTURE) .3HS .385
CULLEC£101 EFFICIENCY (1NCIDE,r 'ON' -C·]GLE:rJR) .317 e 317

SPACE ·1:.Al'lNG l,"IAt) i:Jit,) M 7 36 0 291.2
SPACE 16Al'iNG it St]LAR (:JiLl 36/6. 122.S
SJL AH SPACE H :;Al 1, G ( 2'1111, ) F R 'IC 1' 1 i.)1,1 .4/1 .4/1

S]LAR EvERGL Llir FR.IM SrI-)RAGE 1397. 46.6
USE:lit .SOL,AR E.VERGY I,JSK FRJM St'(1RAGE 1/90. 43.0
r.)1' 46  SPACE  1464 l'ING I,JAU tOi)26. 334.2
TJYAL SJL,AH 544:€ 1{LAi'143 4966. 16 S.S
firAL SJLAR 524:€ HEArING FRAL'1'10N .475 .495

SPACE :JOLiNG 6.}AD                         '           0           0.0
SOLAR SPACE CJ)LING                            0.        0.0
S]LAR SPACE Cj)LINI; FRACTION 0.000 0.000

/9;46 :JULING SUPPLIED 0. 0.0
SJLAR :JOLING SUPPLIED                        0.       0.0
91)64,4 FRAC/10\1 'IF COOGINS SUPPI,JED      ' 0.000 0.000

SJLAR E V ERGY DEL 1 V El(   ,) r ) P R K WE A ]' T A NK 355. 12.2
1/rAL EvERGY r) SERVICE Hir WRIER 598. 19.6
s)LAR svERGY r) SERVICE Hir WArER 3,16. 10.2
SJLAR.HJT WArdA FRACriON .520 .520

TJTAL LJAD 10414. 353.8
r]rAL OJAD BY S,LAR 52/2. 175.7
SJLAR'l'JI'AL FRA:flHN .4,9/ .497
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Table 8-2H.  Daily Averages and Extrapolated Monthly Totals,
December 1978

CSU SJLAR HOUSE I

DAILY AVERAGES ANI' EXTI(AP]l,At'ED MJNTI{LY I.OrALS
DECEMBER 1978

MONTHLY DAILY
111465 AVERAGES

DAYS jr DATA 31              31
AVERAG€ DAILY ENKA(;Y FLUX ·(PER SN.'4) 15.R 15.Hr]TAL I·JC11)EVi' SJLAR JN 44./ S..).4 APP:RPJRE AREA 219,2. 707.HTorAI, INCiDEvr SlLAH .IN 54./. 5.1.M CiLLE:TOR AREA' 266u6. ASH.3
INCLDEVI' SOLAR '11' (APERil,RE AREA) 14884. 440.1INCIDENr SOLAR.' IN'  (COLLECrOR AREA) 18047. 582.2
S)1'AR ENERGY COLLECTED 6516. 210.2
VET S l' 11 RAGE EVERSY G A IN OURIN :'DAt' A GAPS -0. ./0APPARENK 'ENERSY )ELLVERED 1') 51'URAGE 65/6. 210.2
MEr sr,RAGE EvERSY GAIN FJW M)vill -315. -10.1

CJILLECTION EFFT:.fENCY (111'At, iNCIDFur-APERTIIRE) .297 .297COLLECriON EFFICIEVCY (1'01'AL iNCIDFVr-ZJLLECI'llRY ' .245 .745
COLLE:fiON EFFICIENCY (INCIOKir 'UN' -APERTURE) .438 .43H
:366£CrlON.EFFICIENCY (1VCIDEVT 'UN' -COLLECTOR) .351 .361

SPACE WEAl'ING LJAD (CJIL)        '           · 12134. 191.4
SPACE HEAIING VY'SOLAR (CJIL) ' 4972. 160.4SJ"Ad SPACE 4641ING (COI[,) FRACiTLIN .410 .410

s ]L A R Ew El€Gl 6) s r FRUM S r JR A (;i. 1057. 34.1
USEFUL.SOLAR £·IERGY.[,/SK FROM SfORAGE 1051. 34.1rurAL SPACE HEA,ING LJAD 13191. 425.5
TJTAL S)LAR SP*CS HEATING 6029. 194.5
r·irAL SJLAR SPACE *,ArING FRA:'TION .437 .457

SPACE  = 1,)6113  6140                                                             0.                  11.0SJLAR SPACE CJ')biNG
0.000

0. 0.0SJLAR SPACE CjlLIN: FRACriON 0.000

r J r A L    C :11, L I N G    5 1.1.e l,I+U 0. 0.0
SJLAR C]OLING SUPPLiEJ 0. 0.0SIll,AR FRAC1'1"ly OF C[116ING SUPI,1,1KD 0.1)00 0.000
S ')1·AH EVERGY  -)ELI V G:kwo r') PRE 11·:gr 'rAVK AiR. 27.4rJr41,   6.4ERGY    1'1   Se: •IVICK.   Hjr WRTER 17/6. 57.3
S,LAR EvERGY r) SEvVICE HJr WATER 711. 23.9
SOLAR HJr WArER FRACTION .117 ,         .417
r,TAL 6JAD 14961. 4HZ.8
r)rAL 6]AD BY SJI,AR 1,710. 218.4SJLAR r/TAI, FRACTI79 .452 .452
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Table 8-3H.  Daily Averages and Extr
apolated Monthly Totals,

January 1979

CSU SOLAP HOUSE I

DAILY AVERAGES AND EXTRAPOL
ATED MONTHLY TOTALS

JANUARY 1979                   
·

MONTHLY DAILY
TOTAt,S AVERAGES

DAYS OF DATA
28 2R

AVERAGE DAILY ENERGY FLUX (PER SO.M) 15.7 15.7

TOTAL INCIDENT SOLAR ON 44.7 'SQ.M APERTURE ARFA 21A74. 704.0

TOTAL INCIDENT SOLAR ON 54.2 50.M COLLECTOR.AREA 264hl. H53.h

INC]DENT SOLAR 'ON' (APERTURE AREA) 13592. 410.4

INCIDENT SOLAR 'ON' (COLLECTOR AREA) 16480. 531.6

snLAH ENERGY COLLECTED 6045. 195.0

NET STORAGE ENERGY GAIN DURING DATA
GAPS 125. 4.0

APPARENT ENERGY DELIVERED TO STORAGE ,6170. 199.,1

NET STORAGE ENERGY GArN FOR MONTH 16.           .5

COl,t,ECTION EFFICIENCY (TOTAL INCIDENT-APERTURE) .277 .2/7

CILLECT109 EFFICIENCY (TOTAL INCIDENT-COLLECTOR] .728 .22H

Cni,LECTION EFFICIENCY (INCIDENT 'ON' -APERTURE) .445 .445

COLLFCTION EFFICIENCY (INCIDENT 'ON'
-COLLECTr)It) .367 .367

SPACE HEATING LOAD (COIL) 16577. 534.7

SPACK. HEATING BY SOLAR (COTL) 4527. 146.0

SOLAR SPACE HEATING (COIL) FRACTION .273 .2/3

SOLAR ENERGY LOST FROM STORAGE 1035. 33.4

USFFUL SOLAR ENERGY LOST FRO/ STORAGE 1035. 13.4

TOTAL SPACE HFATING LOAD 17612. 568.1

TOTAL SOLAR SPACE HEATING 5561. 179.4

TOTAL SOLAR SPACE HEATING FRACTION .316 .3l 6

SPACE COOLING LOAD                                0.         0.0

SHLAR SPACE COot,ING                              0.         0.0

SOLAR SPACE COOLING FRACTION 0.000 0.000

TOTAL COOLING SUPPLIED                          0.        0.0

SOLAR COOLING SUPPLIED                          0.        0.0

SOLAR FRACTION OF COOLING SUPPLIED 0.000 0.000

SOI,AR ENERGY DELIVERED TO PREHEAT TANK 586. 18.9

TOTAL ENERGY TO SERVICE HOT WATER 26,14. 84.3

SOLAR ENERGY TO SERVICE HOT WATER SOS. 16.3

SOLAR HOT WATER FRACTION
.193 .193

TOTAL LOAD
20726. 652.4

TOTAL LOAD BY SOLAR
6066. 195.7

SOLAR TOTAL FRACTION
.300 ..300
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Table 8-411.  Daily Averages and Extrapolated Monthly Totals,

February 1979

:SH S JhAR HJUSE 1

DAILY AVERAGES AND EXTRAP'll,Al'ED M]NrlbY TOrAbS
FEHRIARY 1979

MONI'llf-,Y DAILY
r(.11'ALS AVERA1ES

DAYS JF DATA .                                         15            15
AVERAGE ')AILY EdEIRLY. Fl,UX (PER SO.1,1) 19.9 19.9
r J l'AG     I N C I D e N f     S J L A R     J N     4.4. /     S l. M    A P E R T U R E A R E A 74949. H87.5
r)1'AL 14(l,twl' irll,AR JN 54.7 5:1.M CJI.,6*cruR AREA 3 0 1 3 0. 1076.1
TVCIDENr SULA* 'JN' (APERl'URF. AREA) 21051. 751*H
TiCIDEUr SOLAR 'JN' (COLLECj'MR AREA) 25525. 911.6

SALAR EvERGY :36LECTED 879H. 314.2
· ·N E r    S Y) <A G E    E'V E R G Y     GAIN     D U R I N G    DA l'A S A P S 197. 7.0

APPAREVr ENERGY 1£1,1 VERED TO STJRAGE 8995. 321.3
vEr ST)RAGE EvERGY GAIN FJR Miwl'H 5460 19.·5

COLLECriON EFFICIENCY (rOkAL iNCIDEllr-APERTURE) .354 .354
C·JLLECriON EFFICTENCY (r]1'AL iNC.IDE.dr-;Jl,LECrUI¢) .2.,7. .242
C·JLLECilON EFFICIENCY (INCIDEvi' 'UN' -APERTURE) .418 .418
COl,LECTION EFFICIENCY (INCIDE'ir '(iN' -20[,LECI'oR) .345 .345

SPA:€ HEALING 6340 (CJIL) 11558. 413.2
i SPACE FIEAl'ING BY S:.11,Alt (:JIL) i,415. 231.3

576AR SPACE HEALING (C(3161 Fl'ACL'll.JI  .550 .560

5,1.,AH ENERGY 6)51' Fl 04 STORAGE 1126. 4".2
It S E r'1 3 6    S O L A R     #v k R G Y    1, J S r    F R O M S f U R A G E 1126. 40.2
r  J  r A f.,     s p A C E    H 6 4 r I  N C   .1, .1 A U 126 )5. 4,30,1
r)VAL S)LAR SPACE HEA<ING /601. 2/1.5
r--lril., 511..AR SPACE 11EAfl:JG FRA.rIOid .599 .549

'SPACE C..Ill,ING 67 40                            0.        (1.0
S J L A R    ·S P A C E    C 3·1 6 1 46                                                                                                                                0.                                      w.(1
S)LAR SPACE CJ)LING FRACTION 0.090 0.0 /, 0

r)TAL =JOL,1:46 Silt'pr,IED                        n•       0.0
SJLAR =JOLING SJDP[,11<i)                                   0.           0.0
5)1.,AR FRACTION Jr COOLING SUPPLIED 0. 0 0 0 .11.00()

5 3 L A R    E V E R G Y    0€6 1 V E R E D    T O    P R E I E A r T A V K A 37. 29.9
rirAL EvERGY r, sERviCE Hor WA.rEP 2,457. 105.6
SJLAR EMFUGY il SERVICE HJT WAZER 721. 25.8
S J[ ,A R     H l l'    W A T E R     7 R A C T i O N                                        ·                                                          .2 1 4 .241

r,TAh T.JAD 1.5651. 559.0
r.)74l, 6140 BY S:)LAR 8323. 297.2
S.ll,AR 1JI'AL FRACI'lON .539 .532
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Table 8.-5H. Daily Averages and Extrapolated Monthly Totals,
March 1979

Cstj SOLA'R HOUSE T

DAILY AVERAGES AND EXTRAPOLATED MONTHLY TOTALS'1,

MARCH 1979
c \.1 MONTHLY DAILY

TOTALS AVERAGES

DAYS OF DATA                                           10             10
AVFWAGE DAILY ENER(;Y FLVX (PER SQ.M) 21.1 21.1
TOTAI, TNCIDENT SOLAR ON 44.7 St).M APERTURE AREA 131Ago 942.n
TOTAL INCIDKNT SOL,AR ON 54.2 SO.M COLLECTOR AREA 15997. 1142.3
INCIDENT SOI,AR 8ON' (APERTURE AREA) 10674. 762.4
INCIDENT SOLAR 'ON' (COLLECTOR AREA) 12943. 924.5

SOLAR ENERGY rOLLFCTED 4108. 293.4
NET ST()RAGE F.NERCY GAIN DURING BATA GAPS AH. he3
APPARENT FNERRY DELIVERED. 'rn SrnRAGE 4196. 299.7
NET STORAGE ENERGY GAIN FOR MONTH 40He '29.1

COLLECTION EFFIClENCY (TOTAL INCIDENT-APERTURE) .3lt . 3 11
COLLECTION EFFICIENCY (N)'PAL INCIDENT-COLLFCTOR) .257 .257
COLLECTION EFFICIENCY (INCIDENT 'ON' -APERTURE) .385 .385
COLLECTION EFFICIENCY (INCIDENT 'ON' =COLLECTOR) .317 .3/7

SPACE HEATING LOAA (COIL) 3957. 2H206
SPACE HEATING BY SOLAR (COTL) 2753. 196.6
SOLAR SPACE HEATING (COIL) FRACTION '

e 696 o696

SOLAR ENFRGY LOST FROM STORAGE 869. 62.1
USEFUL SOLAR FNERGY LOST FROM STORAGE 8690 62.1
71) TAL SPACE HEATING LOAD 4825. 344.7
TOTAL SOLAR SPACE HEATING 3622. 259.7
TOTAL SOLAR SPACE HEATING FRACTION .751 .751

SPACE Cm)[,ING LOAD                             0.        0.0
SOLAR SPACE COOLING                             Ve         0.0
SOLAR SPACE £001,ING- FRACTION Oo 000 0.000

TOTAL COOLING SUPPLIED                          0.        0.0
SOLAR COOLING SUPPLIED                                 0.           0.0
SOLAR FRACTION OF COOLING SUPPLIED 0.000 O.000

SOLAR ENERGY DELIVERED TO PREHEAT TANK 94. 6.7
TOTAL FNFRGY TO SERVICE HOr WATER 97. 6.9
SOLAR ENERGY TO SERVICE HOT WATER 97. 6 e 9

SOLAR HOT WATER FRACTION 1.000 1.000

TOTAL LOAD 4922. 351*6
711,Al. LOAD BY SOLAR 3719. 265.6
SOLAR TOTAL FRACTION .755 *755
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Table B-1(.  Daily Averages and Extrapolated Monthly Totals,

July 1979

:Sll SJLAR HOJSE 1

DAILY AVERAGES Avu EXTRAP,LATED viNFHLY forALS
JU[,9 1979

MIJN .rH 6.Y D.ATLY
7 0 /' A 6 S AVERAGES, 1

DAYS ]F ObiA                                           31             31AVERAGE DAILY £NERGY FLJX (PER 50.11) 20.2 20.2
f'J/4 6     1 \1 C I i) E,V  1'     5 -11, A R     ] 'v     4 4.1     5.0.4     A P E R i J R E A R E A /. H U:19. 903.5
r,TAL, 1\1Cll,)Ear' SJLAN ].\1 5'4.2 59.M C,t,l,£21'OR AREA 3 19 hi . 1095.5;
IvCIDEvr SOLAR 'JN' (APERrURE AREA) 21990. 709.31
IVCIDENI' SOLAR 'JV' (COLLECI'OR ARIA) 26663. 8 ho .1

S J L A R     E \1 E R G Y     Z·J I,L E: T E D 9216. 29/.3
NEr SfiRASE EvERSY GAIN DJRING DArA sAPS 0.                               .0

A P P A R E V r     E N E R G Y     J E L l V E R E{ )     1'1 5 1'1)R A( ;E 9216. 29/.3
NEr STJRASE EvERSY GAIN F)R M)N,1'H 403. 14.9

COLLECTION EFFICIENCY (r)rAL IN:TOEVr-APERTURE) „329 .329
COLLECTION EFFICIENCY (r]fAL iN=lDEN,-:16LE:rOR) .271 ..271
:7LLE:i'lON EFFL:[E·VCY (I,V:IDE\Ir 'ON' -APER'l'URE) .419 .411
COLLE:rION EFFLCIE.,VCY (INCIDEVT 'ON' -:)61,ECIOR) .346 .346

SPACE 4£AI'INS LJAD. (=]Il,)                      0.        0.0SPACE MEAriNG BY SOLAR (:JIL)                   0.        0.0
S)LAR SPACE HEATINS (:,316) FRACilnu 0.000 0.000  '

S]L A R    E V E R G Y    6 3 5 1'    F,404    5 r]R A G E. 2523. Ht.4
USEFUG SOLAR 242+GY LJSt' :R]M SrURAGE            0.       0.0
fll'46 SPACE HEAriNG 6149                               0.           0.0r]TAL s]LAR SPACE HEATING                      0        0.0
rirAL 536AR SP,CE HEArING FRAC,flow 0.000 0.000

S'PACE :101,1NS 61All 7139. 230.3
576AR SPAC, :JOLING 5255. 169.5
SJLAR SPACE CJJLING FRACrlON ./36 ./36

f)FAL CJOGING SUPPLIED 3429* 110.6
5)6AR (Jut,iNG SUPPLIED 24)u. 17.4
51648 FAACt'IJV JF. CODI,1 4, S.IPPI,lED . 7 j () .7 JO

SOLAR EvERL,x DELIVERED r] PREHEAT TAwK 12 80. 41.3
1]rAL EVERQY r) SERV]ZE 431' WATER HBO. 28.4
5)LAR EvERGY ri SERVICE 4Jr WATER 532. 17.8
SOLAR AJf WAKER FRACEION i627 .627

rJr46 6,AD HI)19. 258.7
FOrAL L]AD BY 5-)LAR 5807. 187.3
SJLAR 1]rAL FRA CiI JN .124 .724
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Table 8-2C.  Daily Averages and Extrapolated Monthly Totals,
August 1979

:S J    S )1, A k    11 J J S E     1

DAI6Y AVERAGES AVD EXTRAP]LArED MJNTHLY TOrALS

AJGJSf 1979

M I)N 1' 11 hY DAll,Y
rorALS AVERAGES

DAYS JF DAfA 28             ZH
AVERAGE DAILY EVERSY FLUX (PER 50.11) t 9.5 19.5
r)rAL IVCIUEVT' S)LAR 11 44.7 5:3.M APE'RrJRE AREA 269AH. 870.5
/31'46 1\1ClUENT SJLAR JN 54.2 SQ.M (76682·fOR AREA 3/124. 1055.6
IVCIDENT SULAR 'JN' (APERI'ORE AREA) 20498. 661.2
1VCIDENT' SOLAR 'JN' (COLLECrOR AREA) 24851. 801.7

SJLAR EVERGY C,JI,LECTED 8817. 2 A 4.4
Nfl' Sl'JRAGE EVERGY GAIN D.IRING ,)Al'A SAPS -115. -3.7
APPARENf ENERGY DELIVERED r) SEJRAGE 8702. 280.1
NEr 81'JRAGE EVERSY :;AIN FJI< M)*ril -54. -1.8

COLLE=flON EFFICIENCY (flrAL luCIDENY-APERTURE) .'327 .327
:·1662:rION EFF.l:IE·\ICY (r]I'A[, [,\ICIDEwr-C')66*.Cl'JR) .269 .269
COLLE:rION EFF.LCIENCY (IV:IDEVi 'Im' -APERTURE) .430 .430
COLLE:rION EFFICIENCY (IVCIDEVT 'ON' -COLLECTOR) .355 .355

SPACE HEAriNG 6)41) (CJIL) 0. 0.0
S·PACE HEArING gY SOLAR (:311,3                   0.        0.0
SOLAR SPACE HEATING (COIL) FRACTION 0.000 0.000

SOLAR EVERGY 6JSf FROM Sr]RAGE, .2010. 64.8
JsEFUL SJGAR EvERGY Lisr FRJM srORAGE                  0.          0.0
r)YAL SPACE HEArING 6)AD U. 0.0
rjrAL 5164X SPACE HEATIVS                              0.          0.0
r]rAL 5)6AH SPACE HEALIVG FRACTION 0.000 0.000

SPACE CJOLING LOAD 6857. 221.2
SOLAR SPACE :JOLING 5812. 147.5
SOI,AK SPACE C),lit,ING FRACI'ION .H 48 .848

fll'AL :1061NG SUPPLIED 3085. 93.5
S]LAR :)OLING SUPPLIED 25 36. H1.H
SOLAR FRACTIJV JF COOLING SUPP6IED .H22 .822

5]6AH EvERGY )ELIVERE) r) PREHEAT TANK 12 Al. 41*3
r,TAL EvERGY ri SERVICE Hir WATER 1191. 38.4
S]LAR EVERGY /0 SERVl:E Hlr WATER 981. 31.7
SM,AR Hlf WATER FRACA'ION .824 .824

r]r46 6JAD 8049. 259.6
r']rAL 6]AD BY SJLAR 6793. 219.1
SOLAR £]TAL FRACTION .844 .844
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Table 8-3C.  Daily Averages and Extrapolated Monthly Totals,
September 1979

CS|  SOLAR HOUSE I

DAILY AVERAGES ANH f:XTRAPOI,A't'ED MONTHLY TOTALS
SEPTEMBER 1979

MONTFILY DAILY
T()'rl LS AVERAGES

D A Y S    NE'    1) A T A                                                                                                                                                       l f)                                              i n
AVFRAGE DAILY ENERGY FLUX (PER SQ·M) 27.4 22.4
THTAI, INCiDENT SOLAR IN 44.7 Sw.M APERTURE AREA 30 005. 1000.2
TUTAL INCIDENT SOLAR ON 54.2 SO.M COLLECTOR AREA 36382. 1212.7
INCll)ENT St)[,AR '114' (APERTURE AREA) 25611. 85 5.7
INCIDENT SOLAR 'MN' (COLLECTOR ANKA) 31121. 1037.6

SILAR ENERGY CILLECTED 113780 379.3
NET STORAGE ENERGY GAIN DURING DATA GAPS           0.         .0
At'PARFNT ENERGY DELIVERED 'rt) STORAGE 11.778. 379.3
NET STORAG'E ENERGY GAIN FOR 14111,1'rH 161. 5.4

(11Ll,ECTII)N EFFI.CIENCY ('rt)TAI, 'INCIDE.NT-APERTI.IRE) ..3.19 ..J79
CHLLEC'rlON EFFICIFNCY (TOTAL INCIDENT-(WLLECTOP) .313 .313
CMLLECTION EFFICIF:NCY (INCIDENT 'ON' -APERTURE) .443 .443
COLLECTINN EFFICIENCY (INCIDUNT 'ON' -COLLECTOR) .366 .366

SPACE HEA'rING 1,0Al) ICI)Ii,1                       0.        0.0
i SPACE HEATING HY SOLAH (CHIL)                   0•        0.0

stli,AR SPACE HEATING (COIL) PRACTION 0.0 00 0.000
Slit·AR KNI·.HGY 1,1.)ST FRflM S'rl)RA(;E 1801o 62.0
USH'Fl}1, SOLAR EMENGY 1,1)3'r FHUM STORAGE             0        0.0
TOTAL SPACE HEATING LOAD                               0.          0.0THTAL SOLAR SPACE' HEA'TTNG                       0.        0.0
TCITAL 5(11,AR SPACE HEATING FRACTION 0.0 0 0 0.000

SPACK CI)111,ING 6OAD 19869' 362.3
SOLAR SPACE COOLING 8161. 272.0
SOLAR SPACE COOLING FRACTION .75' .751

T 1-1 1'AL COOLING St)Pel,lEI) 4819. 160.6
SHLAR CHIlLING SUPPLIED 1444. 116.5
SOLAR FRACTION nF COOLING SUPPLIED . 7 25 .725

SHLAR KIERGY DELIVERED TO PREHPAT TANK 1535. 51.2
TOTAL KNFRGY TH SERVICE HOT WA'I'F:H 1340 0 4603
SOLAR ENERGY TO SERVICE HOT WATER 1016. 33.9
S(ILAW HM WATF.R FRACTION .731 .731

TOTAL LOAD .12259. 40 H.6
TOTAL LOAD BY SOLAR 9177. 305.9
SOLAR T(7TAI, FRACTION .749 .749
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Table B-4C.  Daily Averages and Extrapolated Monthly Totals,
October 1979

CSU SOLAR HOUSE I

DAILY AVERAGES AND EXTRAPOLATED MONTHLY TOTALS

OCTOBER 1979

MONTHLY 1,AILY
Til TAI.S AVERAGES

D A Y S    l)F     I)A T A                                                                                                                                                       17                                             17
A V E R A G E     I) A  I L Y      E'  FRGY     F 1, 1.1 X      (PER     ,93.  14 1 20.4 20.4
TOTAI, INCIDENT SULAR ON 44.1 SU.M APERTURE ARF.A 1553h, 913.8
TOTAL INCIDENT SOLAR UN 54.2 SO.M COLLECTOR AREA ;HH 37. 11OH.1
INCIDENT SOLAR *ON' (APERTI)HE ARF:A) 12624. 742.6
INCIDENT SOLAR 'ON' (COLLECTOR AREA) 15307• 900.4

SOLAR ENERGY COLLECTED 5445. 320.3
NET STI)kAGE ENERGY GAIN 1111 H ING I) ATA GAPS -0. - 0 ()

APPARENT ENERGY DELIVERED '1'0 SM}RAGE 54450 320.3
NET STORAGE ENERGY GAIN FOR MONTH -45. -2.6

01[,LECTION EFFICIENCY (TOTAI, INCIi)ENT-API; 47URE) .350 .350
C(11,1,FC'rIC}N 1;:FFICIB'NCY (TO·TAL INCII)El·JT-Ct)1,1,ECTOR) •289 .289
COi,LECTION EFFICIENCY (INCIDENT 'ON' -APERTURE) .431 .431
COLLECTION EFFICIENCY (INCIDENT 'ON' -COLLECTOR) .356 .356

SPACE HEATING LOAD (COIL)                      0.        0 0
SPACK HEATING BY SOLAR (Cull)                   0        0.0
SOLAR SPACE HEATING (COIL) FRACTION 0.00 0 0.000

SOLAR ENERGY LOST FROM STORAGE 1006. 59*2
U S E F U L S O L A R E N E R G Y      I,O S T     F R O M S T O R A G E .. 0/0
TOTAL SPACE HEATING LOAD 0. 0.0
TOTAL SOLAR SPACE HEATING 0. 11 00
TriTAL SOLAR SPACE HEATING FRACTION 0.000 (1./)00

SPACE COOLTNG LOAD 431-H. 254.0
SOLAR SPACE COOLING 19Ah. 233.3
SOLAR SPACE COOLING FRACTION e 4 t 8 .91H

TO'rAI, COilLING SljPPI,IED 2103. 123,7
SOLAR CUI.)LING SUPPLIED 1933, 113.7
SOI,AR FRACTION OF COOLING SLIPPLIFD .919 .919

SOLAR ENERGY DELIVERED TO PREHEAT TANK 711. 41.8
TO'rAL F.NKHGY TO SERVICE HO'r WA'rER 676. 34.8
SULAR ENERGY TO SERVICE HO'r WATER 4h 9* 27.6
SOLAR HOT WATER FRACTION .694 .694

TOTAL LHAD 4495  293.8
TOTAL L('AD RY SOLAR 441h. 260* g
SOLAR TOTAL FRACTION eHHH .HHH

C
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APPENDIX C

Tabulated Daily Performance of the Solar Heating,
Cooling, and Hot Water Systems
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Table C-t H.  CSU Solar House I System Performance for Month of November, 1978

E:,Ic.-IGY RE·Jill:<El)-----      ------     9.11,41< 1•:MEASY--wSK[) ---AiIXILlAI<i ENr.RGY US€0--
N4O1        S  'Ns'81   F R A N   0 1Q610

DAY SPACE  59 22€    '  al'2    9rt&   ce: AruAI.   9611141. sLRAGE 281cE    11' jr    291·AL   spl E   sptlclE   Q;111' 1·Lu SPACE SPACE H )1'
HEAf- CJ36- , A IKR HEA'j'- Sr_)RAc;K .ISEFUI, 1,JS,KS COOL- WATER 35:FJI, HEAr- COOL- WAr€R HEAr- 21'JO- *Al'€R
1NG INS HEAr- 1NG 6 1 5 SES HEAr- Esrl- ING HEAL- ENERGY ING ING HEAL- 1VG I·,ts HEAr-

ING 1 NG MArij IVG ING iNG

1 215.9 D.1) 12.2 22R.1 115.0 IJO.9 215.9 114.3 0.0 5.0 2/u.9 0.0 0.0 7.2 1.2 1.000 O.UJU .410

2 158.0 0.9   10.9. 164.9 3.2 111.H 158.0 127.3 0.0 3.4 161.4 0.0 U. u 7.5 1.3 1.000 U.UOU .312

3 216.6 0.7    9.7 226.3 25.1 191.5 216.b 139.1 0.0 2.6 219.2 0.0 U.U 7.1 7.1 1.000 0.-UOU .2 b 8

4 175.0 060 1.8 182.8 18.0 157.0 175.0 127.9 0.0 .9 175.9 0.0 0.0 6.9 6.9 1.000 O.UOO .115

5 660.8 0.0 23.2 684.9 563.5 97.3 660.8 85.6 0.,1 16.8 577.6 O.0 U.0 6.4 6.t 1.000 0.0JU .7L 4

6

7

8 111.1 0.0 9.5 120.6 .6 06.0 86.6 106.1 0.0 .9 87.5 24.4 B. U 8.6 33.0 .780 O.UJU .095

9 0.0 0.0 8.8 8.8 -0.0 11.0 0.0 /J 5.1 U.0 0.0 0.0 0.0 U.0 8.8 8.d 0.000 O.UJU 0.000

10
01

11

12

13 110.7 0.0 49.8 760.5 1,1.1 1'7.7 79.4 23.5 0.0 38.5 117.g 630.4 0.0 lj.3 641./ .112 0·.0 0 J 07/3

14  501.3 0.0 23.5 530.8 233.9 9.5 243.4 4:3.7 0.0 13.5 256.9 260.6 0.0 10.0 210.6 .480 0.000 .514

15

1b

17

iB

19

20  433.3 0.0 16.0 449.3 110.0- -57.9 42.1 -6.5 0.0 4.4 46.5 390.2 0.0   11.6 401.d .097 O.UOU .275

21  402.8 0.0 1.1.6 414.4 27./ -21.5 b. 2 -5.3 0.0 0.0 6.2  396.4 0.0 11.6 408.0 .U 15 0.030 0.000

22 16/.7 0.0 31.1 204.8 106.0 -/8.1 51.9 6.9 0.0 25.6 83.5  108.4 0.0 11.5 119.9 .346 J.OR .6)0

23 344.6 0.0 32.5 377.1 162.2 2 H'g 171.1 26.1 0.0 22.3 213.4 150.8 0.0 10.2 161.0 .555 0.0,0 .666

24 416.6 0.0 18.5 435.1 222.3 32'.5 254.8 21.7 0.0 9.0 263.8 1SH.6 O.U 9.5 168.1 .612 D.UJO .486

25 361.1 0.0 12.6 379.7 143.0 -21.2 11H.h 6.1 0.0 2.6 121.2 246.8 0.0 10.0 250.8 .323 0.000 .2 J 6

26 367.7 0.0 13.2 380.9 74.0 .7 74.7 -.7 0.0 2.H 77.5 293.1 0.0 10.4 303.5 .203. O.UJU .212

27  340.9 0.0 31.4 375.3 117.6 /7.9 133.4 18.3 0.0 23.5 158.9 203.8 0.0 10.9 214.7 .397 0.000 .603

28 466.5 Dll) 21.u 487.5 202.3 38.6 2'4u.H 15.1 0.0 9.0  249.0  223.0 0.0 12.0 235.0 .516 0.000 .429

29 341.5 0.) 30.1 377.6 129.6 44.7 174.3 29.5 0.0 17.9 192.2 171.5 0.0   12.2 183.7 .sol O.000 .595
j O 274.3 0.9 9.6 283.9 134.1  45.0 179.1 36.1 0.0 5.2 184.3 93.1 0.0 4.4 97.5 .b53 O.UOU .543

rirAI, 6604. J. 392. 1075. 2450. 131. 3311. 1000. 0. 204. 3515. 3351. 0. 188. 3539. .495 O.OJO .520

DAILY 334.2 0.1 19.6 353.8 122.5 46.6 165.5 50.0 0.0 10.2 175.7 167.6 0.0 9.4 177.0 .495 O.UOU .520
IJVIH 10026. 3.   588. 10514. 3676. 1391. 4966. 1501. 0.   306. 2272. 5027. 0. 282. 5309. .495 0.000 .520

ALL-JAIA-LN  --iLal.1-hUL.ti                                                       

i RASED al 54.2 3 .4 Cm,LECI]R AREA
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Table C-lH (continued)

----„ ---r:)66;; 't''IR Pe,RF+1RMI\::*i'---
- 6566

,lit.R pi·, 4$ DR'·t.,N .,;-
N601 SOOE 5008 Q111 N100 Q541         11502

DAY EJiAL l'ULAu SOLARB HiCAT 4 V El< A (; E rjr AL, S 'll., A li FBAC-
SOLAR* AlliEN D E l, I V=    E F F i C-     O U T P U T     11j 11) U 1'     t'  1   ) 4     .l Y

.JI,l,5'.Cr- ERLD 1ENCY 8 O l, A R
ING

1 0960 955.2 H(,9.2 210.3 0270 0.0 U. 0 0.0 3'1          3.1

2   .956 1315.1 1113.5 299.3 .228 0.0 U. U 0.009 3.3

3   .969 1212.1 1021.8 281.3   .2.32 0.0 U. l) 000)')  1.8

4 0952 915.2 609.3 13,).2 0152 000 U.0 0.009    3.5

5 .991 672.1 451.9 140.0 .208 0.0 0.0 O.OJO    H.1

6

7

8 .726 700.6 395.5 107„7 *154 0.0 0.0 0.0 JO .5 e 4

9 0.000 825.1 5(1 9 0 1 135.7 .164 0.0 OIl 0.0)9    3.1

10

11

12

13   .155 1366.6 1290.0 476.9 .349 0.0 0.0 9.OJ)  6.H

14 .484 '32.6 3.6 -.4 -.013 0.0 0.0 0.019 9.U

15

16

17

18

19

20 0104 54.2  0.0  0.0 0.1)00   0.0   li.0 0.()JO 13.1

21 0015 605.7 8./ .1  .01)u  000 U.0 0.019    /.3

22 .408 892*3 14 u.9 246.7 .270 0.0 0.0 0.00) 1.A

23 .566 1322.4 1175.5 436.H .3.40 0.0   ..0 0.009 9 of)

24 0606 537.0 290.9 91.4 .170 0..0 0.0 0.0,),1    8„2

25 6314 Hl.2 0.0 0.0 0./1 lilI 0.0 D.0 0.000    9.7

26 e203 392.3 244.3 59.5   .152    0,0 0„u D.OJO 11.0

27   0424 1233*3 1153.5 391.9 .31 8 0:0 0.0 0.00)    7.5

28 .513 533.9 446.8 131.0 .245 0*0 0.0 0.00 0 9.5

29 .509 924.2 834.7 326.5 .353 0.0    0.0  0.011    7.2

30 .649 999.0 904.5 335.3 .335 0.0 U. LI 0.001)  6.2

rirAL .491 15576* 12005. 3809* .245 0/0 0.0 0.07 14406

0416Y .491 178.8 bOO. 2 190.5   .245 0.0 0.0 0.009    7.2

4JWTH .497 23360. 18007. 5/13. .245 0.() U. O O.001  216.9

ALL DATA IN MEGAJOULES

- *BASED ON 54.2 SQ.M'COLLECTOR AREA



Table C-2H.  CSU Solar House I System Performance for Month of December, 1978

------k.i,tz.··'31  91:.101.*ED-----    ---------------5 11,AR  *,i....:SY .15:1)------- - - - A 1.1 X 1 1,  1  48 f     EN,·. R .; Y     .I S E 0- - --   SIt,44 FRACrl)

/1,"- CJJu- WA l' E R ·Ilf;AT- Sr.11?AGE USEFUL LJSSES COOL- WATER JSEFUL HEAr- :006- WArER HEAr-. 2,116- WAFER

DAY s R& >8543€  9312  rQJYA  845.E 4899,445,  19.1 1„ sl 9844%t: 951&   9, 1.3  9815AL L,fcE 83 1(£  Pfil  0,60 46 5 49& 55,942€  M  J
1NG 1NG HEAT- 1NG 6.)SSi·,5 HEAl'- Esrl- INS HEAL- ENERGY ING ING HEAP- ING INS ,{:Al'.1NG ING MATED IVG ING INS

1  310.5 0.0 31./ 341.7 219.1, 2,1.5 26yol 41.7 u.u   2 A.6 298.1 41.0 0•0 7.6 43.6 .868 O. 0 0 0 .917
2 4MB.1 0. 1 H./ 496.9 269.5 13.7 283.2 21/9 0.0 6.1 289,3 2 0 5.0 0·0 7/6 207.5 ,5 Ht, 0.0)0 -701
3 4 7 1.4 il. t 2.5 474.0 60.8 -7.6 5 H.2 4.5 0.0 0.0 56.2 414.0 0.(1 2.6 4lb.b .124 0.000 0.000
4 402.1 0.9 17.2 414·1 57.3 3.8 Al•1 21.2 0.0 14.5 75.6 341.0 0 u 2.7 343./ .152 0.000 .843
5  263.2 0,1 11.3 274.5 179.1 3H.1 217.2 21.D 0,0 H07 225.9 64.0 0·0 2,6 66.6 .425 0.010 .770
6 461.D 0.1 79.5 54005 56.5 1405 70.9 5,7 0.0 0.0 70.9 390.0 0.0 79.5 469.5 .154 0.010 0.000
7 194.3 0.0 173.6 657.9 0.0    3.3 3.3 8/6 0.0 0.0 3.3  491.0 0.0 173.6 664.6 . C) 07 O.UOJ 0.000
8  512.9 7·2 144.3 657.2 46.2 -9.3 36.8 10.5 0.0 12.3 49.1 476.0 0.0 132.0 608.0 .072 0.00u .085
9 591. 5    0.9 35.3 427.8 110.1 -3.6 100.5 14.6 0.0 36.3 142.8 4HS.0 O.0 0.0 485.0 .1.0 O.000 1.000

10 600.9 n. 0 31.2 632.1 148.b 9.3 15/.4 5.5 0.0 31.2 1Age1 443.0 0.0 0." 443.9 .263 0.000 1.000 -
11 381.5 9.1 44.5 426.2 108.0 46.5 154.5 17.7 0.0 14.6 199.1 227.0 0.0 0.0 221.J -4(15 O.000 1.000;                       12 317.4 n.0 43.1 360.s 132.2 50.2 182.4 25,7 0.0. 43.1 225.5 135.0 0.0 0.0 135.0 .575 o.u00 1.000
13  135.7 0.0 31. 9 473.6 208.3 47.4 255.7 37.9 0.0 3704 293.6 180.0 0.0 0.0 180.0 .587 0.010 1.000
11  100.5 0.0 36.7 437.2 24H.6 28.4 277.5 48.9 0.0 36.7 314.2 123.0 0.0 0.0 123.0 ,h93 0.0,0 1.0 0 0
15 393.) 9.1 43.2 4/6.7 261.8 /7*7 332.5 49.5 0.0 5602 388.7 61.0 0.0 27.0 88.0 .845 ,). 0,10 .675
16 612.5 0.0 35.2 64H.3 36502 /5.3 441.5 47.2 0.0 35.8 477.3 171.0 0.0 0.0 171.0 „721 3.0)0 1.000
17 527.1 0.1 7.1 534.2 294.4 3 A.7 333.1 20.1 0.0 7.1 340.2 194.0 0.0 0.0 194.J .632 9.010 1.000
18 342.3 n.0 4.3 346.6 68.2 27.1 95.3 2.1 0.0 4.3 99.6 247.0 0.0 0.0 241.J .2/H J.U)0 1.000
19 281.d 0.1 60.2 342.0 77.1 30.7 1 n 2.1 18.4 0.0 25.1 1.27.8 179.0 0.0 35.1 214.1 .355 J.u,0 .417
20 4/0.9 0.0 82,5 553.4 256.8 52.1 308.9 37.1 0.0 37,1 346.0 162.0 0.0 45.4 207.4 „656 0.000 .450
21 441.5 0.0 Ab.U 526.5 221.1 56.8 27H.5 42.6 0.0 31.0 309.5 163.0 0.0 54.0 217.0 .631 0.000 ,365
27 330.3 0.4 79.1 417.4 262.6 53.7 jib.3 50.1 0.0 3A.2 354.5 22.0 0.0 4#.9 62.9 .935 a „ JO u .483
23  209.3 0.9 66.1 275 5 133.0 16.3 299.3 42.1 0.0 34.3 243.6 0.0 0.0 31.9 31.9 1.000 0.000 .518
14 1 h 7.1 9.0 96.1 263.8 99.6 AR.0 16/.7 57.1 U.0 61.5 229.2 0.0 0.0 34.6 34.5 1.000 O.UDO .640
25  131.2 0.9 64.9 204.1 69.1 67.5 13/.2 SR.3 0.0 33 8 171.0 0.0 0.0 33.1 33.1 1.000 0.000 .505
24 428.8 11.0 71.5 500.3 366.d 27.0 393.8 44.5 0.0 32.5 426.3 95.0 0.0 39.0 134.0 .918 0.0,)0 .455
27 7h9.6 0.9 57.6 A27-1 256.9 37.7 2 Hg.5 ZA.8 0.0 12.2 301.7 480.0 0.0 45.4 525.4 .376 0.000 .212
/H 443.9 0.0 42.4 5/6„3 17 H.2 54.7 232.9 34.6 0.0 30.9 263.8 261.0 0.0  , 51.5 312.5 .471 0.000 '3/5
24 391.3 non At.2 452.9 2 7 '). i 14.6 235.3 21.2 0.0 1.0 236.3 156.0 0.0 60.2 216.2 .601 0.000 .016
30 536.5 0. 1 69.5 606.0 u.0 51.5 11.5 20.6 0.0 0.0 11.5 525.0 U.0 69.5 594.5 .071 0.000  0.000
31  511.8 0.1 69.3 587,1 O.0 7.8 /.8 19.6 0.0 0.0 7.8 510.0 0.0 49.3 579.3 .015 O.Jou O.000

TjrAI, 13191. 1.  1776. 14,61· 44/7. 1.15/. 1,0/4. 864. 0  741. 6770, 7241. 0. 1033. 82/5. .457 O.JOU .417
D 4 r 6Y 425.3 0.9 51.3 AH/.8 160.,1 34.1 144.5 28.7 0.0 23.9 218.4 233.6 0.0 33.4 267.0 .457 0.000 .417
YJVr,1 131 91. '1• 1176. 14967. 4977. 1,357. 6029. H 6 4. 0. 741. 67/0. 7241. 0. 1035. 8275. .457 3.UOU .417

41,1.   ) A r 4   1 N  12 .,4.1 -1111,/'S
0  BAS€O  0.1  64.2  :1*-ElEi,ECT74-"A,::4     -
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Table C-2H (continued)

-----  ---7.ILLE('1'·14 Pr.w:''ILI'Al\'1'.1. --- -

i16'of"
ER    Or:2 ·OR·'·1·.1-F-

N601 5006 5008 Qlll N100 Q541 N502-'-
DAY rOTAL 1'0 1' 4 6 S i.} 1, A H * -   H E A r AVERAGE r JTAL Sol, A R FRAC-

SOLAR*' 4111EN DELIV- Er'FIC- DJ rPUT ]UrPIJ r ] 1 JN 9 Y
COLLECr- ERED IENCY SOLAR.

ING

1 .812. 718.3 579.2 226.2 .315 0.0 0.0 0.0.10 6.1

2 .582 224.1 0.0 0.0 0.0011 0.0 0.(1 O.OJO 11.5

3   .123 1129.3 76.4 6:8 .0(16 0.0 0. 0 11.0 111          H.5

4   .180 1331.5 1197.9 3/0.9 .279    0.0 0.0 0.0)9    3.9

5 .823 b 5.2 0.0 0.0 0.000 0.0 U.0 0.0,)0 5.6

6 .131 171.3 O.U 0.0 u.000 0.0 U.1.1 0.0 Jl 5.0

7 „005 Su 6.8 0.0 0.0 0.000    0.0 ,0.0 0.000    3.1

-R .075 781.6 176.8 49.1 .063    0.0 0.0 0.0.10          3.5

9   .227 1324.9 875.9 216.6 •164 0.0 0.0 8.0,9 3.4

10 .299 797.1 SA ,1 178.0 .223 0.0 0.0 0.001   5.1

11   .451 1072.5 834.b 342.0 .319 0.0 0.0 D.OJO  3.2

12 .626 913.3 745.0 317.1 .347 0.0 (). 0 0.070    2.6

13   .620 1142.1 1092.1 408.3 .351 0.0 O.U A.0.)0  2.9

14   ./19 1177.0 109/.6 438.5 ..473 0.0 U.0 0.0Jl    2.4

15   .815 1147.2 1064.8 388 5 .339 0.0 U „ 0 0.0')0          2.1

16   .736 1246.8 1177.8 415,0 .333 0.0 0.0 O.OJO    2.8

i7 .531 239.7 99.H A . 0 .033    0.0 U.u 11.031  3.6

18 .28/ 355.0 214.2 66.2 .i Hb 0.0 0.0 O.OJO 3.0

19   .374 1009.8 910.1 374.7 .37j 9.0 0.0 O.OJO 2.6

20   .625 1278.0 1173.7 428.4 .335    0.0 0.0 0.009    2.7

21   .588 1015.5 '976.6 394.2 .3H8 0.0 0.0 0.011 2.6

22   .849 1195.8 1084.2 4 u 4.4 .338 0.0 0.0 n. 0:1) .1.It

23 .884 690.2 528.4 196.2 .284 0.0 O.0 o.njo 4.4

24   *869 1212.5 1105.6 313.5 .308 0.0 0.0 0.0,31    5.2

25 .838 90.1 O.l) 0.0 0.000   0.0 O.U 0.0.)9    5.1

26 .852 994.3 897.3 274.2 .281   0.0   0.0 9.n.)9   b.0
27 o365 731.8 605./ 226.5 .309 0.0 U.U 0„0)9  6.0

28   .454 1209.0 973.3 407.7 .338 0.0 u.0  0.019    ,*.5

29 .52.2 477.1 0.0 0.0 0.  0 1) LI 0.0 0.0 0.009 3. 7

30   .U 19 1301.3 0.% 0.0 0.000 0.0 U.0 t' .0. )0            1.6

31   .013 103A.4 0.0 0.(1 0.000 0.0 0.0 0.010    1.9

rjrAL .451 26606. 18047. 6516. .245    0.0 0.0 O.OJO 121.4

DAILY .452 858.3 582./ 210.2 .243 0.0 0.0 nonj,)  4.1

4)NIH .452 26606. 18047. 6516. .245 0.0 0.0 0.0 JO 121.4

Note:  Several very high solar radi4tionmeas
urements resulting

from snow reflection

ALL DATA IN MEGAJOULES

BASED ON 54.2 SQ. M COLLECTOR AREA



Figure C-3H.  CSU Solar House I System Performance for Month of January, 1979
FNPRGY REQUIRED--- - --------------- St'l,/IR F..4F-I GY tjsv:it------------- -- ---AfIXILTAPY ENEPLY "SKI)-- ----- -Of}I.AR FRA("'rl nDAY  2610.  Q,5,182 F    Q312   Q  646  5 402f Acqr6*   .  TR61Al 59,6104fe.E •1( 28,:   %1·2   NNEL  5819%  sQ 2&-    8&41   989,6  4'1#28v  #&2 F   4#90HFAT- COOL- WATER HFAT- STORAGE USKFUL 1,05.SES CHOI,- WATER USEFUL HEAT- COOL- VATE'R HEAT- COOL- hATERING ING HEAT- TNG LOSSES 1{F AT- ESTl- ING 'HEAT- ENERGY ING ING HEAT- ING ING HKAT-ING INC MATEO ING TNG ING

1 549.6 0.0 80.5 630.1 0.0 7.7 7.2 16.5 0.0 1.6 H.H 542.4 0.0 78.9 621.3 .013 0.000 .0202 501.1 ".0 94.1 595.2 0.0 7.5 7.5 16.6 0.0 1.6 9.1  493.6 0.0 97.5 586.1 .015 0.000 .0173 981.1 0.0   82.4 1061.5     .1    5.1 5.2 13.0 0.0 2.1 7.3  976.0 0.0 AO.3 1056.1 .005 0.000 .025-4 560.R 0.0 107.6 668.4 0.0 4.7 4.7 19.8 0.0    2.2 7.0 556.0 0.0 105.4 661.4 .nOH O.000 .0215  676.R 0.0 87.3 764.0 730.2 3.P '244.0 29.0 0. u 30.3 264.3 443.0 0.0 57.0 500.0 .346 0.000 .3476  4 H 7.0 0.0 61.1 543.1 57.3 13.1 70.4 20.3 0.0 1.7 72.1 411.6 0.0 59.4 471.0 .146 0.000 •02A7 A20.0 0.0 100.7 920.6 316.4 3.2 319.6 29.8    0.0 41.9 361.5 500.4 0.0 58.R 559.2 .390 O.0(10 .4168  ·716.9 0.0 94.1 All.0 243.2 47.5 290.7 30.9 0.0 34.7 325.4 426.2 0.0 59.4 4RS.6 .405 0.000 .3699  560.2 0.0 69.4 679.6 155.3 23.1 178.4 23.4 0.0 4 . 2  1 R 2 . 7 181.8 0.0 65.2 447.0 .319 O.000 .0611·0 648.'4 0.0 73.3 721.7 50.0 23.4 73.4 39.5 0.0 1.8 75.2 575.0 0.0 71.5 646.5 .113 0.000 .025
11  558.7    .0   85.7 644.4 25.0 4 A.7 73.7 42.7 0.0 3.3 77.0 485.0 0.0 82.4 567,4 .132 0.000 .038                  W12 498.0 0.0 74.6 572.6 55.0 7.0 67.0 36.9 0.0 2.8 64.H 436.0 0.0 71.8 507.8 .124 0.000 .03813 589.0 0.0   73.3 662.3 63.0 35.0 98.0 51.7 0.0 2.9 100.9 4 9 1. 1, O.0 70.3 561.3 .166 O.ono .04014 769.5 0.0 86.5 856.0 139.0 59.5 198.5 58.5 0.0 3.5 202.0 571.0 0.0 R 3.0 654.0 .25R 0.000 .04015

16 475.7 8.0 68.2 49i.9 32H,5 48.2 376.7 40.8 0.0 /5.2 391.9 49.0 0.0 53.0 102.0 .ARs O.000 .22317 445.3 n.0 87.9 533.3 1HO.7 31.9 712.7 20.4    0.0 27.5 240 o 2 232.7 0.0 60.4 293.1 .47A 0.000 .313tA  331.R 0.0 92.2 424.0 127.8 1 R.0 140.7 10.3 0.0 11.9 152.6 191.0 0.0 AO.1 271.3 .424 O.000 .12919 372.0 0.0 110.5 482.5 127.8 38.5 166.3 20.7 0.0 SO.0 216.3 205.7 0.0 60.5 266.2 .447 0.000 .45220 SOA.6 0.0 79.A 588.4 279.5 43.1 372.5- 31.9 0.0 41.0 363.5 186.0 0.0 3 R.A 224.R .634 O.000 .51421 501.9 0. 0 84.5 586.4 266.7 48.1 314.7 41.4 0.0 40.0 354.7 187.1 0.0 44.5 231.6 .627 0.000 .47372 517.5 0.0 70.5 588.0 203.1 67.5 77(log 27.0 0.0 13.6 284.5 246.6 0.0 56.9 303.5 .624 0.000 .19323 605.7 0.0 87.5 692.7 217.7 61.4 299.0 20.5 0.0 17.1 316.1 306.1 0.0 70.4 376.5 .494 0.000 .19524 399.7 0.0 75.4 475.1 95.0 51.9 146.9 31.2 0.0 4.0 150.9 252.8 0.0 71.4 324.2 .160 0.000 .05325 349.9 0.0 78.2 42R.1 0.0 71.6 71.6 49.6 O.0 0.0 71.6 2/8.3 0.0 78.2 356.5 .205 O.000 O.00026 517.1 0.0 107.A 624.9 148.0 28.1 176.0 36.5 0.0 2H.1 204.1 341.I) 0. 0 79.7 420.7 .340 O.000 - .26127 713.3 0.0 83.3 796.6 283.9 61.4 345.3 29.0 0.0 31.4 376.7 368.0 0.0 51.9 419.9 .484 0.000 .377'A 733.1 0.0 86.7 819.8 110.8 56,2 367.0 27.8 O.0 31.5 398.5 366.1 0.0 55.2 421.3 .sol O.000 .36329 574.3 0.0 78.1 652.4 169.4 20.0 1 AQ.4    9.2 0.0 10.0 199.4 384.9 0.0 6 A.1 453.0 .330 O.000 .1283o

31

TnTAL 15907. 0.  2361. 1 R 268. 4089. 935. 5023. R25. 0. 456. 5479. 10884, O.  1905. 12789. .316 O.000 .193FAII·Y 56 .1 0.0 84.3 652.4 146.0 33.4 179.4 29.5 0.0 16.3 195.7 388.7 0.0 hH. 0 456.8 .316 O.000 .19.9*MTH 17612. 0.  2614. 20226. 4577. 1035. 556 t. 913. 00 505. 6066. 12050. 0.  2109. 14160. .316 0.000 .193Al.t, Dara "·  Mt (:A.)(11/LES
5 BASED 04 54.2 51,4 Clt,t,AC/'14 AREA
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Table C-3H (continued)

----- ---COLLF.CTOR PERFORMANCR--- -Cliti,l,KR 1·'FWFURN/\ ,CE-
N601 S006 SOOB    0111 Nloo 0502    0541    N502

DAY TOTAL TOTAl, SOLAR* HEAT AVERAGE TWrAL : ; (1 6 A R P'PAC-
SOLAR* WHEN DELIV- EFFIE- OUTPUT OUTPUT TION BY

COLLECT- ERED IENCY SOLAR
ING

1   .014 1393.2 26.7 -oR  =.001    0.0 0.0 00000   2.0

2 .015 498.3 5.5 lo3   .003 0.0 0.9 0.000    2.1

3 .007 542.0 206.1 35.5 .065 0•0 0.0 0.000    1.9

4 .010 774.8 341.9 94.0 .121    0.0 0.9 0.01)0   2.3

5   .346 1143.4 812.4 219.2 .244 0.0 0.0 0.000    4.1

6 .133 487.4 217.0 49.3 .101    0.0 0.0 0.000    3.2

7   .393 1327.7 1073.1 423.5 .319    0.0 0.0 0.000    4.5

8   .401 1333.8 1057.3 435.9 .327    0.0 0.0 0.000          4.1

9 .290 460.8 276.5 67.6 .136 00() 0.0 0.000 3.6

10 .104 1051.3 948.2 302.1 .287 0.0 0.0 0.000    7.2

11 0120 309.2 162.5 18.2 .059 0.0 Oeo 0.000    2.1

12 .113 29R.3 124.9 15.6 .052    0.0 0.0 0.000    2.0

13 .152.1181.0 845.1 309.8 .262    0.0 0.0 0.000    2.3

14   -236  980.9  759.0 233.2 .238 0.0 0.0 0.000    2.3

15

16 .793 379.5 76e 4 29.6 .078 0.0 0.0 0.000 14.2

17 .450 759.0 52602 206.0 .2/1 0.0 0.() 0.000    3.4

18 .360 335.9 146.7 63.5 .189    0.0 0.0 0.000 16.0

19   .448 121908 965e 2 429.2 .352 0.0 0.0 0.000   4.2

20 .618 1349.5 1079.1 454.2 .337    0.0 0.0 0.000 28.6

21   .605 1105.8 802.7 345.0 .312 0.0 0.0 0.000 3 e 6

27 .484 395.3 f 29.7 47.9 .121 0.0 0.0 0.000    3.9

23 .456 1235.6 877.9 365.8 .296    0.0 0.0 0.000    5.3

24 .318 1230.7 948.2 373.4 .303 0.0 0/0 0.000   3.5

25 .167 325.0    0.0 0.0 0.000 0.0 0.0 0.000 2.0

26 .327 877.9 276.5 37.5 .043 0.0 0.0  0.000    3.5

27   .473 1452.6 122407 483.6 .333 0.0 0.0 0.000    5.3

28 .486 120A.9 976.1 365.1 .302    0.0 0.0 0.000    5.5

29 .306 243o7 000 0.0 0.000    0.0 0.0 0.000    5.1

30

31

TOTAL .300 23901. 14886. 5460. .228 0.0 0.0 not) 0 (1 143.3

DAILY .300 A53.6 531.6 195.0 *228 0.0 0.0 0.000    5.1

14(1NTH .300 26462. 16480. 6045. 0228 0.0 0.0 0.000 158.7

ALL DATA IN MEGAJOULES

*BASED ON 54.2 SQ. M COLLECTOR AREA



Table C-4H.  CSU Solar House I System Performance for Month of February, 1979

------E,#:.2.,Y RE:),11 41.0----- ----- ---  -5.11.AR E-Vs-#GY :-theD------- ----- ---A{IXILIARY ENI..#vY 1: iL;-- ---- Sll,A l FRAcri J

34' It % :ff'1 1 billi , %' Sfis :itll Ii,  tlitt, ,4 ,i i:  tttls .17 ,  5111:,  11 6    11 s .15 19;14, f tis fils .i': 1,ING 1NG HEAT- 1 NG 63:SES HEAr- ESTi- ING HEAr- ENERGY ING 1NG HEAI- ING ING HEAr-14', ING MATES TMS ING INS

7 53/„b L 1 78.5 516.1 217.4 53.9 270.0 ·37.7 U.0 24.7 295.3 267./) 0.0 53„H 3/0.8 .503 0.0,0 .3153  802.2 0.0 96.0 RYA.2 350.0 702 35/.1 25.7 0.0 50.2 407.3 445.0 0.0 45.A 490.d .445 0.000 .523
4 631.8 0.0 68.9 700.7 396.6 14.8 413.4 26.3 0.0 26.9 440.3 718.0 0.0 42.0 260/0 .654 O.UOO .390
5 '15.8 O.n 'lyou 674.8 2 R 4.2 25.8 311.0 27,3 0.* 42.9 153.9 265.0 O.0 56*1 321.1 .540 0.000 .4336 322.3 0.9 104.b 429.5 203.: Sa.9 2/8.4 47.9 O.0 50.2 278.6 94.0 O.u 56.4 15£1* 4 .707 O.0.,O .41;7 410.5 0.0 95.1 495.6 263.5 49.5 312.9 40.4 U.0 28„2 341.1 97.0 0.0 56 9 153o 9 .762 O.UOU .331R 440.9 0.0 Rb.5 527.4 230.4 5809 2 Ay.3 43.4 0.0 35.7 325,0 152.0 0.0 50.8 202.8 .656 O.Jou .413
9

10
-

1 1                                                                                                                                                V
.-J

12

13

i 4

15

16

1 -I

t R

19 305.3 0.9 83.3 368.6 j91.0 88.3 27,1.6 62.0 0.0 38.6 317.9 26.0 O.0 44.7 70.7 .915 0.000 .45320 291.7 n.0 130.8 422.5 195.1 57,7 25(.H 6 2.6 0..0 40.0 292.8 S9.0 0.0 90.8 129.8 .867 . O.000 .306
21

27

23 432.1 0.0 ;20.7 958.H 275*3 54.1 329.4 44.9 0.0 8.6 338.0 103.0 0.0  11 H.1 221.1 .752 0„000 .05824 519.6 4.1 1 2 4.5 644.1 246.0 15,6 271.0 3001 0.0 11.9 283.5 248.0 0.0 112.6 360.b .523 0.000 .09625 3/u.7 4.1 111.d 442,5 24H.2 11.7 24.9 35.0 0.0 8.2 298.1 81.0 0.0 103.6 184„6 .782 O.UOU „073
24 347.4 A-' 14U.8 44H„7 90.9 31.4 12/.3 3 l.l 0.0 5.3 127.5 185.0 0.0 135.5 32043 .398 0.000 .(13821  355.0 0.9 123.4 479,2 143.. 26.H 17U.3 24.3 0.0 8.3  178.6  185.0 0,0 115„1 300.1 .474 O.Jou .057
ZA 496.4 0.0 172.1 61 R·f 133.4 43.4 113.4 32.9 0.0 6,7 180,5 323o0 0.0 115.4 438.4 .350 0.000 .055FJ/4/, 5201. J. 1584. AjAS. 3464. 603. 40/7„ 57 l. O. 386. 4459. 2778. 0. 1198. 3925. .599 0„000 .2140 4 1 1, Y 453.1 2.9 int'.5 599.0 231.3 11).7 271.5 38.0 0.0 25.H 297.2 /Hi.9 O.U 74,8 761.1 .599 0.090 ./4441*14 1,495. J.  /457. 15651. 5475„ 1126. 7601. 1065. 0. 721. 8323. 5092. 0. 22360 7328„ .599 O.UJU .244
All data in megajoules
*Based on 54.2 Sq. M. collector area
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Table C-4H (continued)

----·-      --- ·)'ji,1  C l'!19   PERFORMANCI·:---·  -:·111,1,F.R   i>'..1/1..()1<Mt\'ICI·:-

DAY· r| 2JL  ,499*u  289,44* Oll,jr  AJ'l#RGE  18$Pgi,  94#li<  Fli 83.
SULAR* AH€N 0 1 6 6 1.V-     K n.· 1  (:-     O,1 1'P u'r      :) Ul' P t l 1       i' 1   J '1      F

ly

COLLECt- ERED tENCY SOLAR
ING

/

2 .419 H02.7 b71.7 203.1 .253 0. 1, U. 0 0.0.)9 9.11

3  .454 1490.2 1349.5. Sit.7 .343 0.0 0.0 8·OU1 0.9

4   .62H. 1105.2 996.7 349.0 .299 0.0 0.0 0/0 0'1 D.U

5   .524 139A.0 1235.b 477.4 .341 0.0 0.0 n.0,9 0.0

6   .649 1235.4 113B.b 402.0 .325    0.0 0.0 0.1,J.)  0.0

7 .688 894.9 148.1 248.9 .27H 0.0 0.0 O.OJO U.0

8   .616 1430.8 1121.6 366.1 .256    0.0 0.0 0.000     .1

9

10

11

12

13

14

15

16

i 7

18

19   .818 1284.1 1197.1 353.5 ·275    0.0 0.0 9.070     .3

20 .693 1425.9 1316.8 473.4 .332    0.0 0.0 0.000     .8

21

22

23 .605 515..1 1·6.4 -.2  -.000 0.0 O.U 0.0.31  0.0

24   .440 13/6.2 1295.0 456.1 .331    0.0    0.0  0.000    0..O

25   .618  888.8  170.0 237.2 .261    0.0 0.0 O.DDO    0.0

26 .285 601.4 460.8 160.9 .268 0.0 0.0 0.020 .2

27   .373  390.1  260.7 60.1 .154    0.0 U.U O.OJO O.U

28   .292 1241.6 1094.9 419.4 .338    '0.0    0.0 0.non 0.0

rjrAL .532 16141. 13674. 4/13. ./92    8.0 0.0 0.030 11.2

DAILY .532 10/6.1 911.5 314.2 .292 0.0 0. 0 0.009     .7

IJVLH .532 30130. 25525. 8798. .292    0.0    0.0 0.000 70.9

ALL DATA IN MEGAJOULES

*BASED ON 54.2 SQ. M COLLECTOR AREA

I



Table C-SH. : CSU Solar House I System Performance for Month of March, 1979

------F+ • 1JGY  HF )11 1 RE'D ---------------s.I,AR INFRGY 115#-1,--------------- ---At.IXILFNY F.NI·'17GY US'711-- ------Sol.AR'FRACTTO

Q610   Q512
.nAY SPACF SPACE

"

.%11#      ·23 16    31 A  AceS.    '98 111.'sQ99#f,;E  891 F
:·      R v      :19Nfi,    281 K    s 58tjE     Rm j      TQ

¥lle    #NS    .sfin ,t    .3Nw

HEAT- CDOL- .WA'rER liKAT- STBRAGE lise'FIlL '1 05'SES COOL- WATFR 11SEFIJL :HEAT- Coot,- WATFR

IN t; iNC HKAT- t rt G LflASES UF'AT- FSTI- ING H E A.T- ENERGY'-ING ING HEAT- ING ING HFAT-

ING ING ·MATED ING INC ING

1 276.4 0.0 6.2 782.6 135.2 70.9 706.1 52.7 0.0 6.2 212.3 70.3 0.0 0.0 70.3 .746 0.000 1.ono

7 326.6 n.0 0.0 .376.6 161.0 18.0 )39.0 47.6 0.0 0.0 239.0 87.6 0.0 0.0 87.6 .732 0.000 0.000

3 ·373.0 0.0 8.3  381.3 271.0 40.1 7h1.1 40.2 0.0 8.3  269.4  111.9 0.0 0.0 111.9 .700 0.000   1.-Don

4  438.6 0.0 29.9 461.5 2A9.9 51.3 147.2 47.9 0.0 1Aog 376.1 91.4 0.0 0.0 91.4 .792 0.000 1.000

5 27H.1 O.0 0.0 -27A01 152.2 72.3 224.4 62.9 0.0 0.0 224.4 53.6 0.0 0,0 51.6 .A47  0.000  0.000

6 240.0 0.0 t.4 246.4 174.6 60.5 235.1 60.7 0.0 6.4 241.5 5.0 0.0 0.0    5.0   0980 .0.000 1.non

7

9 237.H 0.0 0.0' 232.8 179.0 47.3 22A.3 74.5 0.() n.0 226.3 6.5 0.0 0.0 6.5 .972 0.000 0.000

9 496.9
- 0.0 0.0 -'496.91"'229.5 66.1 2PS.6 47.1 0.0 0.0 285.6 211.3 0.0 0.0 211.3 .575 0.000 0.000 -

..J

10 530.5 0.0 9.6 540.1 -761.4 54.5 315.9 47.2 0.0 9.6 325.5 214.6 0.0   .0.0 214.6 .595 0.·000 1.000 W

11 254.0 0.0 9.6 263.6 162.6 83.8 246.5 62.1 0.0 9.6 256.1 7.6 0.0 0.0 7.6 .970 O.000 1.000

12

13

14

TOTAL 3447. 0. 69. 3516. 1966. 621. 75870 543. 0. 69. 2656, A 60.     0•     0. 860. .751 0.000 1.000

DAILY 344.7 0.0 6.9. 351.6 -196.6 62.1 75H 7 54.3 0.0 6.9 765oh 06.0 0.0 0.0 06.0 ..751 0.000 1.0 on

'MONTH 4825. .. 97. .4922. 2753. 869. 3622. 760. 0• 97. 3719. 1204.     0.     0. 1204. .751 O.000 1.000

All data in-megajoules
*Based on.54.2 SM M..dilector.area
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Table C-SH (continued)

----- ---roLLEr..rOR PI·:1;F·'1)RMANrl--- -(-1{JI,i.ER 111·RFORMA'·'CK-
N601 5006 5008 Q111 N100  . Q502 Q541 N502

DAY TliTAL 1()TAI, Snl,AR* H F. 4 '1 AVFRANK TOTAI, St}i,AR FRAC-
SOLAR* wHEN 1)El,tv.. EF+'i C- 'OUTPUT 011TpUT 'r 10\1 BY

COLLKCT- EWFD IENCY SOLAR
ING

1   .751 1325.5 1208.4 354.0 .267    0.0 0.0 0.000     .2

2 .732 3 H 7.2 218.1 24.2 .062 0.0 0.0 0.000 n.(1

3   .707 1430.3 11 R3.7 345.7 .242 0.0 0 If) 0.000 0.0

4   .805 1769.4 15A4.4 503.2 .284 0.0 0.11 0.0 0 4 0.0

5   .807 1382.2 1208.6 426.6 .309 0.0 0.0 0.0 00 0.0

6 .980 655.9 10.2 91.2 .139 0.0 0.0 0.000          0.0

7

8 .972 106.6 0.0 0.0 0.000    0.0 0.0 0.000    2.8

9'  .575 1200.3 944.8 192.2 .160 0.0 0.0 O.ono     .2

10 .603 1588.0 1443.6 501.9 .316 4.0 B. . 0 0 0 0 0 0.0

11   .971 1577.3 1443.0 495.4 .314 0.0 0.0 0.000     .2

12

13

14

TOTAL .755 11423. 9245. 2934. .757    0.0 0.0 0.000 3.4

DAILY .755 1142.3 924.5 293.4 .257    0.0 0.0 0.000     .3

MONTH .755 15992. 12943. 4108. .257    0.0 0.0 0.000    4.R

ALL DATA IN MEGAJOULES
*BASED ON 54.2 SQ. M COLLECTOR AREA



Table C-1C.  CSU Solar House I System Performance for Month of July, 1979

511, "R -: J e 4 11 1,- 1, -  - ----- ---Al,Xii,j,1,·'i' f.··,, 4.-1 J'·:.1-
r.1 1661 J,Ay     2#18£     3%'ff       9.3,12      1199641.     5919 22   (8ffl|at,     79912'.  :,9.6.,Off·;e.   2, c.:       t,r        At.     2142c,;     3Pfc..      till        959·14,     '112::.. "31...: i J iHEAi- Cl).. A A 1. t; R ·lf.Ar- 51'J,AGE usl·.F,11, ")9,:S CJ,6- 8 4 1 ..R JSEF,JL MEAI'- v JOI.- ."t... ,1 -,AT- 2:J ).- . At  -1

IN. 14 , {E A  1 - 1 1/(, 1,JS$<S 4 r. At- ..511 - 1 , :. . . . A f- E.,4:4.,1 14; 1'4. . -t r A t- , t.' 1.. 1 -/ 1 -
T , .; I 4., " At,.) .1 + :. 1 ':; 1 4.

1    0.3 0.) /.4 104 . .0     1 J/ .3 ..0 16.1 . I.  f) U.U 0.1, 9." 11.0 1.4 1.4 1, I .,1 1, 7..'J) J. 0 ) U

2 7.0 ,). 1 3.9 3.9 0.5 -1 9. / 0.0 27.1 0.0 .1 . U (,.0 J.U 0. 0 3.; 3. +       U. V 1/9 '.4/J J.UJ.

3 0.0 -1.1 4.0 -3.1 n.n ,   . h U.. 19.1 7.1 .'., 7.1 0.. t'.0 4.0 4.  )       1,0 1 1  1,»,    -1  " )1 J ./ j U

4     0..1     ).u      .1 1      .9 0.,1 1 19.9  U.(1  47.)  J. 0 1). U .1. 1, t). I) 0.0 .7 .:1 11.t,lIu D.J.' 4../4
D ).0 -.7 4.9 8.2 0. )      1 'J.0 9.0 17.1 J.0    0.9 0.0 0.1) u. o 9.9 4.7 {}. l':1(, ). U J j J.UJU
6    0.0 142.1 4 0. 4 1d2.8 ". J 11.1 n . 0 96.3 .194.0 2).j 2/1.1 l'.4 0.0 14.1 1 1./ 0. ft••' 1.11* .530
1    0.3 1.5.1 71.: 176.4 : ' •  I 1)2.4 0.0 3«.4 105.0 O.U lul.1, 0.0 0. 0 21.4 21.1 ,) ..:,i, 1..). 0..ljJ

8 0.0 0.0 1.9 1.0                11.0         11 1. H 0. () 41.5 7.0 0.1, 0.0 0.0 OIll 1.0 1.1 1 1.9: )U ) .J) .J u.0,0

9    0.0 i35.2 55.5 /91.t 0.0 1.].1 ()." 43.2 236.2 50.7 28h.9 Oil, 0. " 4.0 4.1 ..UJU 1. J ).1 .914
10 0.1 34'.5 10.6 3,6.1 ".0 48.7 u.4 27.3 3/5.5 3.6 349.1 0.0 0.0 7.u 7.1 1, . U 11 1..,J J .311 -

.-111    0.3 310.1 5.) 316.2 0.9 '1." 0.0 24.) 44,1.7 2.5 343.2 0.0 ('. U 3.0   .4.J li.U·lu 1.)) I .#,1 Ul
12    3.0 l66.7 4.0 274,.7 N. 0 55.2 0.0 30.3 266.7 1.1  2 h/.8 0.0 1 1. (1 2.9 2.7 v.,Ic,u 1.J,a .2/3
13 0.0 1 0. 9 17.5 84.5 0.0 49.5 (, . U 40.1 7). 1 2.6 /3.5 0.0 0. 0 15.0 is. j (IIll,  U 3.Jlj .1,4
14 0.0 DH/.1 111.7 51/.6 M. 0 10.0 0.0 43.1 582.1 .5 582.6 0.4 0.0 10.1 10.1 O.Vol J.J1J ..)/ S

15 0.0 296.6 11.0 313.b 0.0 49.8 0.1, 39.; /96.h .8 297.4 0.0 0.0 l 6.2 16.2 U. It ·J l, 1.Ji J .)*5
16 3.0 13.1 /*.5 11.7 u. 0 14.0 0.0 /7.7 .5 19.2 19.1 (>. U 17.6 9.4 /2.) u.0 0 IJ ..,11 .911
11 0.0 li. 1 3 (1. 3 53.6 c,00 54.4 ·u.0 36.3 .1 21.u 21.1 U.u 23.7 9.3 32., U.U"U ..)/ ..+3
id    0.0 2,4.7 23.9 311.5 0. J 48.9 0.0 38.) 289.3 12.0 292.2 0.0 14.3 11.0 25.3 0 I U''U .", .//J
1,    0. J 411.1 14.1 455./ 0.9 ./.1 9. U 38.') 22H.0 29.5  251.5 0.0 183.1 14.6 137.1 U. 011 (, .ll, ..:,
/0    J.0 3/K.. 48.B 317.3 ".0 ld.1 1. (1 3 8.') .7 30.4 30.6 0.0 32H.4 18.4 340. 4 0. OIl) ..) t .023
21    0.0 254.3 4*.3 303.1 (1.0 49.2 0.4 19.3 254.3 78.3 28/.1 0.0 .5 /0.0 2./.1 0..'..J .,.. .),7
1. l 3.0 525.1 37.5 553.·7 (1.0 :/.3 0. (1 40.3 54.H 33.6 88.4 0.0 4/1.2 4.1  4 75. 3  0. 90 u . i J 4 .812
93 4.0 :6/.5 34.3 5Yn.9 0. J 52.H 11.1) 40., /H 7.5 31.4 318.9 0.1, /75.1 1.4.//H.J 0.0(lu .,11 .91)
/1 J.0 121.4 3/./ 4 1/.b 9. 0 i 4. 2  .i . U 28.) 320.1 30.4 357.1 0. u 41./ /.3 15.5 ('. (,1,1, ./53 .130
/: 0.0 3//.3 34 ,.5 411.8 V.9 73.H 0.0 61.7 17 b.7 31.h 2(18.7 0.0 2.0.7 2.9 203., il.U'}U .4,4 .,13
/6 0.0 d44.4 37.1 3.12.6 0.0 53.4 11'1, 37.1 3 2 6 4 32.2 15).1 0.0 1/1.4  5.5 111.4 41.0,0 .411 .d)4
/7    0.0 346.3 76.9 423.9 0.0 42.8 0.0 38.1 265.6 28.b 294.2 0.0 h('./ 48.3 129.J U. l'(jil .1.1 .511
LH .J.0 371.9 40. d 356./ U. 0 55.5 0 . 0 37.7 225.1 1/.0 258.1 0.0 99.H H.8 lod.3 0.0(10 .2'* ./03
/9 0.0 11,5.1 42.2 2 2 H.11 0.0 )2.9 D. 0 26.1 98.2 31.4 123.8 U.0 87.6 10.h 9../ (1.U(,0 .,24 ./11
3 0 0.0 4. / 49.5 49.5 0. ) 47.5 0.1, 30.5 0.0 36., 36.5 0.1, 1'.0 13.1 1.1.1 O.UOU 3. j jo ./30
it    0.0 444.7 *A.4 555.0 0..1 td.9 0.0 43.1 460.6 35.9 522.5 0.0 0.0 32.b 32.. ('.Uliu 1. IJJ .)2+

t' J t' A I. 0. /13+. 41:I. R:)1 -4. 0. 25/3. 1.        1 1 8 9. 5253. 5)2. SHU/. 0. 1992. 32q. 23/1. U.Ullu .135 .311
DAILY 0.0  z 3 0.3 211.1 754.7 0. 0 Al.4 0.0 38.3 164.5 11.4  181.3 0.0 64.3 10.0 14.9 O.UUO . 1 35 .321
7)*14 0. 1139. AHU. 8 9 1 9. 0· 2123. 0. 1189. 5255. 552. 5807. 0. 1992. 329. 2321. u. 0.U .116 .521

4 6 1, DAl'A I,4 Ar-jAJJ! l,F..
4 ;'ASE) 3.\1 54.2 S. ,·4 :-11,LE:f)P AREA
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Table C-1C (continued)

- - - -- -- - C )6 6 £ C 1' 1.1R P E R F' .14 M 4 4 2 1.:-- - - C 1 l f,LE R P E R  'OR M A v r ·C -
N601

89546        jOPAR*    1 11 11'        A U  A c, p.        PJ Q* L        21illAR
F|IRP i f-

E103DAY r)146
SOLAR* A 11 E 31 DE[,1.V- EFFIE- DJrpUr Jurpur Ti)'4 3Y  +

C,JI,l,E.Cr- ERE[) LENCY SULAR E303
ING

1  0.000 1164.3 920.2 339.3 .291    0.0 0.0 0.01) t H.7

2 0.000 943.0 705.9 225.7 -.239 0.0 0.0 0.0 ) 9 16.9

3 -2.261 1297.0 1084.7 354.1 ./73 0.0 0.() 0.079 16.1

4  0.000 1300.4 1011.7 291.0 .224    0.0 0.0 0.0 j ) 15.6

5  0.000 1208.6 933.2 225.1 .186 0.0 9) . 0 OlD)) 13.3

6 1.553 077.2 533.5 98.9 .146 81.1 84.1 1.00) 11.9

7   .831 1360.5 1122.7 434.3 .319 43.6 43.6 1.00) 19.2

8  0.000 1099.2 832.9 331.3 .301 0.0 0.0 1.OJO 1 1. 8

9   .981 1262.5 1026.8 394.3 .312 107.5 107.5 1.00) 16.7

10   .980 1238.0 1064.5 379.6 .307 121.1 121.1 1.00) 16.3

11   .991 1223.1 963.5 378.6 .309 163.5 163.5 1.009 14.1

12   .989 1162.5 H85.1 364.8 .314 150.7 150.7 1.05) 13.7

13   .831 1351.0 1147.4 407.9 .302 28.2 28.2 1.0)) 11.5

14   .983 1336.3 1122.9 382.H .286 290.2 280.2 1.01) 16.1

15   .948 1170.0 927.7 313.5 .268 78.2 7 H.2 1.0) ' ) 15.0

16 .473 425.5 113.1 15.1 .035 1.3 .1   .071    5.6

17 .393 828.8 539.7 1 H 6.7 .225 2.6 0.() 0.00) 13.2

18   .920 1186.1 968.4 347.4 .293 98.5 95.1 .955 14.4

19   .566 1129.5 904.3 249.9 .266 220.8 122.1 .553 15.0

20   .081 771.1 480.8 127.7 '.165 174.9 0.0 O.01) 11.9

21   .933 1088.1 922.4 341.8 .314 124.1 124.1 1.030 14.9

22 .157 826.2 622.3 158.2 .191 293.9 33.7 .115 14.0

23   .534 1170.1 932.4 342.9 .293 301.6 15H05 .525 11.2

24   .887 1370.0 1158.8 447.2 .326 175.5 151.5 .H97 1 H,5

25 .505 928.6 698.8 215.8 .232 200.6 93.2 .455   14.9

26 .466 961.5 717.3-250.1 ..260 152.0 69.2 .427 14.6

27   .695 1178.8 945.8 345.0 .293 168.5 132.0 .733 17.7

28   .104 1055.9 878.1 292.8 .277 167.8 120.1 .715 1 H.1

29   .559 /96.9 629.5 224.8 .282 91.3 4/.5 .532 12.4

30 .735 1131.9 H 16.5 307.1 .2/1 -.0 1-.0 1.0.)9 13.3

31   .941 1318.6 1052.1 392.4 .298 188.7 188.7 1.0,)1 15.3

rirAL .724 33961. 26663. 9216. .271 3429.2 2399.9 .7)) 468.9

DAILY .724 1095.5 H60.1 297.3 .271 110.6 11.4 .709 i5.1

MivrH .724 33961. 26663. 9216. .271 3429.2 2399.9 .7)) 46H.9

ALL DATA IN MEGAJOULES
*BASED ON 54.2 SQ. M COLLECTOR AREA



Table C-2C.  CSU Solar House I System Performance for Month of August, 1979

---EN-:-R.;Y RP.llitgEO----- ------:,ILAR <gr.RSY US<i)------------ -- - - -A U X 1  1,1  AKY     Emr  1   ; i      J.€   I --         - - - - - -S - '1 1,4  2    FRACIt  J
Q610 Q512 Q312    0606    9402 Q604C

731'16  59 JRAGE  AAcE     9 3llr'    r96rlft.   AAsh   YBAcI·1    9, 91·     1 991AL   St& ,OJE.   SN&401€      |381DAY SPACE SPACE HOT ril'Al. SPACE Alr.JAI,
HEAr- C)06- WATER HEA'f- SrJAME /Se:Fllb 65525 :116- WA/'ER JSEFUI, HKAr- 26011,- ,/Ai'ER HEA 1- 2,36.- .ALER
INS iNG HEAr- ENG LJSSES VEAr- E.Sli- INS H€At- ENERGY 1NG ING ,lEAr- 1 'J. It. HEAr-

ING ING 44rED lvS iNG 1*.

1    0.0 446.6 68.4 5,5.U 0.0 51.9 1). 1, 50.1 486.6 35.9 522.5 0.0 1}  / 1) 32.6 3/.D (1.01)U 1. )J: ) .52+

2 0.0 480.5 50.6 531.1 0.0 48.1 U. 0 41.5 401.4 32.b 439.9 0.0 . 13.1 18.0 91.1 O.U(") .H+H .b44

3    0.0 421.5 37.6 459.1 0.0 19.3 U. U 44.5 375.5 2 H.Y 405.3 0.0 ·15.u 8.8 33.H U.UOU .8,3 .1,1

4    0.0 477.8 29.1 506,9 0.0   47.H 0.0 44.1 42f.4 2 H.2 453.6 0.0 52.4 .9 53.3 ,).01'U .H/J .958

5    0.3 417.0 28.0 445.0 l  .'0 43.6 0.0 44.3 390.6 27.8 418.4 0·0 26'u .2 26.5 U. U t) 0 .431 .9,1

6    0.0 477.2 24.9 507.1 (). 0 60.4 0.0 44.1 391.9 29.1 425.9 0.0 /Y.3 .H 80.2 0. U 1,0 .d34 .912

1    7.J 645.4 37.4 6 H 2.1 O.0 54.7 O.0 44.1 398.7 33.9 43·2.6 O.0 246.7 3.5 250.1 (1. Uuu ..14 .9)7

3    0.0 358.1 32.4 390.5 11.0 15.6 0.0 42.5 194.8 26.7 221.6 0.0 163.2 5.7 158*4 U.OUU ./44 .826

9 0.0 259.4 35.1 294.4 0.0   53.2 0.0 42.5 74.1 29.2 103.3 0.0 185.2 5.9 111.1 U.0.10 .285 .833

10    0.0 0.0 38.0 IH .0 0.0 54.5 0. (1 42.3 0.0 28.H 2 H.H 0.0 0.0    9.2 9.2 U.UOU O.UJJ .758
.-/

11    0.0 0.0 36.4 36.4 0.0   77.6 0.0 48.1 0.0 25.0 25.0 0.0 0.(1 11.4 11.1 U.UOU 0. J J J .546 ..J
lili

12 0.0 52.1 46.0 98.1 0.0 8 j.7 0.0 54.1 52.1 33.3 85.4 U.0 0.(1 12.1 12.7 ".000 1.JJJ .124

13    0.0 0.0 64.6 64.6 0.0 36.1 0.(j 50.7 0.0 38.4 38.4 0. U 0. 0 26.2 1 6.2 0.0'l u D.OJJ .394

14 0.0 0.0 28.9 78.9 0.0 50.5 0.0 46.3 0.0 26.1 26.1 0.0 0.0    2.8 2.4 0.000 3.00.) .932

15

16 0.0 105.1 40.6 145.7 0.0 60.3 0.0 46.1 104.7 33.7 138.4 0.0     .4 6.9 7.  $        U .0 liu .14, .d 2Y

17    0.0 132.3 32.7 165.1 0.0 90.0 0.0 50.1 132.3 31.5 163.8 0.0 0.0 1.3 1.3 O.UOU 1.JJJ .951

18    0.0 76.7 32.3 109.0 0.0 93.4 0.0 53.1 75.9 31.5 107.5 0.0     .8     .8 1.1 0.0 liu .99J ,j76

19 0.1 1.3 32.6 33.9 0.0 46.2 0.0 53.5 0.0 31.6 31.6 U.U 1.3 1.0 7.3 U.1/Cio 9.0)J . 9 1,1

20    0.0 1.5 40.0 41.5 0.0 13.3 0.0   52.9 0.0 34./ 34.7 0.0 1.5    5.4 6.9 U.UOU D.J J J .dDO

21 0.0 1.4 55.1 56.5 0.0 66.4 0.0 53.2 0.0 35.5 35.5 0.0 1.4 19.5 21. 7 0.000 ,-1. a ) J .544

22 0.0 231.0 40.9 271.9 0.0 17.2 0.0 54.1 229.6 34.0 263.6 0.0 1.4 6.8 M.3 U. 0 () 0 .49+ .833

23    0.0 LbO.2 45.4 305.5 0.0 79.4 0.0 53.1 259.3 43.n 302.8 0.0     .9 1.H 2.7 0.0(,u .931 .9DJ

24 0.0 313.9 37.1 351.0 0.0 44.1 0.0 47.2 304.0 36.5 340.5 0.0 9.9 .7 10.5 0.000 .9.8 .992

25 0.0 .8 29.2 30.0 0.0 34.3 0.0 46.3 0.0 28.5 28.5 0.0     .8     .7 .1.5 0.0110 0.000 .911

26 0.0 .8 31.0 31·.8 0.0 75.0 0.0 51.5 0.0 30.3 30.3 0.0     .8     .7 1.4 0.00 0 0.0)0 .916

27

28

29    0.0 439.2 37.5  476.7 0.0 59.4 0.(1 45.9 392.9 36.1 429.0 0.0   46.3 1.3 11.5 0.000 .895   -954

30    0.0 211.4 28.5 239.9 0.0 51.9 0.0 44.3 203.9 25.5 2/9.4 0.0 7.5 3.0 10.5 O.U('U .9,4 .095

31    0.0 342.8 31.:) 373.7 0.{) 44.3 0.() 45.2 342.8 29.9 312.7 0.0 0.0 1.1 1.t 0.000 1.J O i i .950

f )1 4 L 0. 6194. 1075. 7270.     O. 1815. : ) . 1341. 52490 886. 61 16. 0. 944. 190. 1134. 0.000 .d46 .824

DAILY 0.0 221.2 38.4 259.6 0.0 64.8    0.0 47.9 187.5 31.7 219.1 O.u 33.7 6.8 40.5 O.000 .8*H .6/1

41Vr H 0. 0857. 1191. 8049. 0. 2310. 0. 1484. 5812. 981. 6793. 0. 1045. 210. 1255. 0.00U .84d .d/4

466 DAKA IN VESA.IJIILES
* 3ASED 14 54.2 S).M C)[,LE:rJR AREA
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Table C-2C (continued)

-Ago-1-  -508-5166§66>'R P('filiRMAN'1 60--- -Cd#ddll'ER (is'diFUR.il dS":- E103
)AY r]JAL rul'AL SOLAR* HEAr A.VERAGE. rliAL S JI,AR F' R A 5-

SOLAR* WHEN DELIV- EFFiC- 0JrPUT Jul'PUr Ttiv lY +
236(,ECr- ERED IENCY SULAR E303

ING

1   .941 1318.6 1052.1 392.4 .298 188.7 188.7 1.00) 15.3

2   .828 1385.9 1162.2 462.0 .333 234.3 193.H .827 17.2

3   .883 1414.3 1214.0 480.0 .339 204.7 1 H 3.3 .89') t H.2

4   .895 1436.5 1242.2 498.4 .347 206.4 1 H 2.2 .H 8t 17.6

5   .940 1442.2 1251.2 492.5 .341 179.5 16602 .92 '1 18.4

6   .842 1306.1 1087.8 444.8 .341 224.8 183.1 .8 t8 17.2

7   .634 1382.6 1197.1 490.4 .355 339.3 202.7 .597 18.0

8   .567 1028.0 Hll.2 302.9 .295 194.6 l On.8 .549 14.3
9 .351 055.3 425.8 137.2 .209 137.7 37.2 .21) 10.4

10 .7,8 670.2 441.8 112'.b .168 ..0 -.() 1.0)) 10.7
11   .686 1435.8 1176.4 403.0 .281    -.0 -.0 1.011 18.4

12 .8/1 789.5 497.0 98.8 .125 15.6 16.6 1.0)0 11.4

13 .594 225.0    2.9 0.0 0.000 -.0 ..0 1.079    3.4
' 14 .902 420.5 0.0 0.0 0.000    -.0 -.0 1.039    3.4
15

16   .950 1493.3 927.1 21 H.8 .167 t 8.9 4 H.4 1.0)9 14.6

17   .992 1546.1 1143.5 411.h .207 10.5 40.5 1.U).1 15.2
18 .986 762.2 577.3 211.0 .277 20.3 20.3 1.0)1 1 J.4

19 .932 442.8 206.4 58.0 .131    -.0 -.0 1.001          6.5

20 .835 /54.6 471.6 97.1 .129 ..O -/(1 1.0.)') 10.7

21 .628 866.5 666.2 155.3 .180    -.0 -.0 1.DJ) 13.0

22   .9/0 1183.3 927.2 340.0 .287 98.3 98.3 1.00) 15.3

23   .991 1056.6 752.5 265.H .252 78.3 18.3 1.0)) 12.8

24 .970 d84.7 637.7 199.5 .226 136.5 131.3 .952 12.5

25   .952 1034.0 763.0 244.5 .236    -.0 -.0 1.010 15.4

26 .955 925.4 644.3 172.2 .1 H 6    -.0 -.0 1.0)9 12.9

27

28

29   .900 1388.0 1226.6 490.7 .354 199.0 1HO.1 .913 18.7

30 .956 969.8 776.4 302.5 .312 101.4 94.6 .933 14.5

31   .997 1338.5 1167.4 449.6 .336 131.3 13/.3 1.OJ) t H.5

rirAL .804 29557. 22449. 7463. .209 2786.9 2290.5 . H 29 3 H 4.9

DAILY .844 1055.6 801.7 284.4 .269 99.5 Hl.8 .822 13.7

4 )1 r H .844 32724. 24854. 8017. .269 3045.5 2535.9 .822 426.1

*Errors discovered after compiling.  Correct values are approximately
1210 and 1310, respectively.  Effect on averages is not siginficant.

ALL DATA IN MEGJOULES
*BASED ON 54.2 SQ. M COLLECTOR AREA



Table C-3C.  CSU Solar House I System Performance for Month of September, 1979

------FNEPCY RE:3111 HED-----' --------------- St.li,AR FNERGY. 11.SF'11--------------- --- Al!%11,1ARY ENER<:Y 1151·1)-- .------Snt,Ak FRACTTOQ512 0312 0606
0313 0612DAY AACE SPACE          6,1 r TITAL 8 2cp st9,4 i. 9911. 949,16<:,: 8918. Hor Tol·AL 89 ,:   s h:    RAW      916   s' 18 E   s#P81      11*1)

HEAT- CODI,- wATER HEAT- 5'1'l)RAGE 115FFIIL I,OSSES Coll,- WATER USEFUL HEAT- (001,- RATFK HEAT- Co/11,- whTER
ING 1NG HFAT- ING LOSSES HEAT- ESTI- ING HEAT- ENERGY ING ING HEAT- ING ING HEAT-

iNG ING MATED ING ING ING1 0.0 102.A 34.0 136.8 0.0 71.6 0.0 42.9 102.8 29.7 132.5 0.0 0.0 4.3 4.3 0•ONO 1.000 .8742    0.0 275.4 45.6 321.1 0.0 Hl.9 0. () 45.7 275.4 36.5 311.9 0,0 0.0 9.2 9.2 0.000 1.000
.799                            1

3    0.0 537.4 SH.1 596.1 0.0 67.R 0. " 42.2 537.9 36.6 574.5 0.0 0.0 21.6 21.6 ,0.Ono 1.000 .6294    0.0 427.4 51.3 478.7 0.0 H 7.9 0.0 39.0 401.7 31.8 433.5 0.0 25.7 19.5 45.1 0.000 .940 .b205    0.0 476.6 10.9 497.5 (1.0 34.0 0.0 38.2 375.7 40.2 415.9 0.0 50.9 30.7 81.6 0.000 .R 81 .5676 0..0 303.2 42.3 345.5 0.0 50.8 0.0 3 H.3 284.9 35.3 320.1 0.0 1 B.3 7.1   25.3 0.000 .940 .8337 0.0 407.5 32.5 440.0 0.0 51.3 (} . " 38.0 371.7 30.1 401.8 0.0 35.8 2.4 38.7 0.000 .9 l 2 .926                            18    0.0 315.4 33.3 348.7 0.0 57.4 0.0 37.9 253.5 30.3 283.8 0.0 61.8 3.0 64.8 0.000 .804 .9119    0.0 337.4 29.9 362.5 0.0 54.8 0.8 37.9 310.6 28.8 339.5 0.0 22.0 1.1 23.1 0.000 .934 .9641 (} 0.0 541.3 44.2 SHS.S 0.0 60.7 0.0   3 H.2 0.0 40.0 40.0 0.0 541.3 4.2 545.5 0.000 0.000 .90511 0.0 6"1 36.A 1(16.2 O.0 53.9 0.0 37.7 0.0 32.R 32.A O.0 69.4 4.1 71.5 0.000 O.000
90                                              V

10
12 0.0 98.5 52.0 150.5 0.0 52.8 0.0 18.2 97.R 30.9 128.7 0.0 .7 21.1 21.8 0.000 .993 .59513    0.0 4.4 61.9 66.3 0. 11 69.0 0.0   41.2 3.7 33.9 37.7 0.0 .7 28.0 29.7 0.000 .R42 .54814 0.0 192.9 51.6 244.5 0. 0 81.4 0.0 45.2 192.0 35.9 227.9 0.0 .9 15.7 16.6 0.000 .996 .69515 0.0 197.9 70.6 26R.4 0.0 132.4 0.0 46.R 196,9 66.6 263.5 0.0 1.0 4.0 5.0 0.000 .995 .94316 0.0 508.2 40.6 544.R 0.0 91.0 0.0 45.6 507.8 31.1 538.9 0.0     .4    9.6 10.0 0.000 .999 .76417 0.0 687.5 44.2 731.7 0.0 53.5 0•0 41.6 52P.S 31.1 559.6 0.0 158.9 13.1 172.0 0.080 .769 .70418 0.0 487.7 48.8 536.5 0. I) 50.4 0.0 40.4 387.7 33.4 421.2 0.0 99.9 15.4 115.3 0.000 .795 .68419 0.0 433.3 44.9 478.2 ". 0 54.9 0.0 40.1 3G6.8 32.9 399.7 0.0 66,5 12.0 7 A.5 0.000 .R47 .733711 0.0 321.1 48.4 369.5 0.0 Sh.0 0.0 39.7 232.2 32.9 265.0 0.0 88.9 15.6 104.5 O.000 .723 .67921 0.0 2 Ht.6 44.9 326.4 0.0 57.1 0.0 40.2 276.5 2 R.7 305.2 0.0 5.1 16.2 21.3 0.000 .982 .64022 0.0 347.1 40.6 382.6 0.0 54.5 0.0 41.5 783.6 29.0 312.6 0.0 58.5 11.6 70.0 0.000 .A 29 .71573 f).0 403.6 43.A 447.4 0.0 56.4 0.0 39.8 330.H 27.1 359.0 0.0 77.8 16.6 R 9.4 0/000 .820 .62024 0.0 454.7 49.5 497.2 0.0 61.0 0.0 39.4 272.7 30.5 303.2 0.0 181.0 13.0 194.0 O.Oon .601 .7 0225 0.0 499.6 46.6 546.2 0.0 14.9 0.0 38.8 200.9 30.6 231.5 0.0 29R.7 '16.0 314.7 0.000 .402 .65626 0.0 434.4 42.2 476.6 0.0   4 H.6 0.0 39.1 .3 30.1 30.4 0.0 434.1 12.1 446.2 0.000 .001 .71327 0.0 701.2 40.6 741.9 0.0 54.6 0.0 40.7 420.R 31.0 451.9 0.0 780.4 9.6 290.0 0.000 .600   .76428 0.0 4 H 1.6 48.5 530.0 0.0 25.1 0.0 40.H 347.2 33.8 3Hl.1 0.0 134.3 14.6 148.9 0.000 .721 .69H29 0.0 224.1 46.8 270.9 0.0 SH.4 0.0 43.1 224.1 33.2 757.3 0.0 0.0 13.6 13.6 0.000 1.000 .71030 0.0 376.1 50.5 426.6 0.0   HO.7 0.0 46.1 376.1 40.9 417.1 0.0 0.0 9.6 9.6 0.000 1.000 .811TliTAI, 0. 10Rbgo 1390. 12259. 0. 1861. 4. 1224. 8161. 1016. 9177. O. 2709. 374. 3002. 0.000 .751 .741DAILY 0.0 362.3 46.1 4OR.6 0.0 62.0 0.0 40.0 272.0 31.9 305.9 0.0 90.3 12.5 102.7 0.000 .751 .731MONTH 0. 10Hhq. 1390. 12259. 0.  iR 61. 0. 1224. 8/61. 1016. 9177. 0. 2708. 374. 3082. 0.000 .751 .731ALL DATA IN MEGAJOILES* BASED ON 54.2 SH.M COLLECTOR AREA
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Table C-3C (continued)

TAOT- 556%0Ll,Adii&,R P,#ilimMA i:Obi-- -i86&LER 4I<1117}R746$E-  El03DAY TOTAL TOTAL SOLAR* HEAT AVERAGE 7'OTAL SOLAR FRAC-    +SOLAR* WHEN DELIV- KFFIC- OUTPUT OUTPUT TION BY E303COLLECT- ERED IENCY SOLARING

1   .969 1431.1 1238.2 467.6 .327 26.5 26.5 1.0 0,1 1 R.7

2   .971 1053.6 756.5 270.6 .251 81.6 81.6 1.000 12.H
3   .964 1437.2 1259.H 505.0 .351 202.R 202.A 1.000 17.H
4  ..906 1327.4 1121.0 460.6 .347 185.1 175.7 .950 16.9
5   .A36 1404.5 1224.7 4AO.7 .342 199.1 171.5 .H 61 19.1
6   .927 1227.3 1050.9 375.5 .306 152.3 143.1 .939 18.7
7   .913 1383.3 i 202.9 467.3 .338 193.0 17 H.5 .925 17.9
8 .814.1134.8 931.2 359.7 .317 146.1 113.7 .77H 15.1
9   .936 1185.6 1005.9 398.3 .3.36 149.4 139•1 .931 16.9

10 .068 712.4 1268.3 123.0 .173 277.5 -.() -.000 11.7
11 .3OH 344.2 60.6 0.0 0.000 30.0 .0   .000    5.1
12 - .H55 1085.5  919.9 304.4 .280 45.8 45.8 1.000 IR.2
13 .568 728.4 548.2 162.6 .223 -.0 -.0 1.000 13.5
14   .932 1413.3 1194.9 404.4 .286 43.9 43.9 1.000 17.9
15 .981 1499.9 1294.1 455.4 .304 42.2 42.2 1.000 18.4
16 .  .982 1499.0 1304.0 481.8 .323 132.8 132.8 1.oon t H.6

17 .765 1464.1 1254.1 515.6 .352 262.2 191.6 .131 1 A/t

18 .785 1441.H 1234.2 401.H .338 240.7 190.6 .792 17.H
19 :036 1361.1 1153.8 466.0 .342 218.7 186.1 .851 16.6
20 .717 969.5 845.3 321.8 .332 159.4 112.2 ./04 13.9
21   .935 126R.5 1124.0 420.8 . 3 12 140.6 135.4 .962 16'h
22 .817 1213.5 1009.8 369.7 .305 154.8 126.6 .Bl 8 15.H
23   .800 1189.9 983.6 393.9 .331 199.4 164.3 .824 16'H
24 .610 1114.6 927.5 371.2 .333 227.0 135.3 .596 14.8
25 .424 1032.0 863.4 276.5 .268 246.7 97.8 .396 15.0
26 .064 744.0 497.1 141.7 .190 211.9 .3 .001 11.2
27 .609 1427.0 1254.7 4 Rl.7 .338 330.0 197.4 .598 lm.n
2R .719 1391.5 1217.3 454.3 .326 238.7 178.4 .744 17.1
29 .950 1448.6 1269.5 482.6 .333 117.1 117.1 1.000   18.7
3 () .978 1447.4 1111.2 474.2 .328 163.9 163.9 1.000 1 R.n

TOTAL .749 363A2. 31127. 11378. .313 4818.A 3444.0 .725 495.7
DAILY .749 1212.7 1037.6 379.3 .313  160.6 116.5 .725 16.2
MONTH .749 36382. 31127. 11378. .313 4818.8 3494.0 .725 4AS.7

ALL DATA IN MEGAJOULES
*BASED ON 54.2 SQ. M COLLECTOR AREA



Table C-4C.  CSU Solar House I System Performance for Month of October, 1979

------ENERRY REQUIRKI)----- ---------------st,LAR
6& T; r '8 %8 Q612  W#Eix'4'ddry Exegy u f- -84-01--57&81 FRAEId,00512 0312 0606 0402 Q604C Q611 0313

DAY #629E SPACE Hbr TDTAL SPACE ACTIIAL TOTAL SfORAGE OACE MOT TOTAL SPACE SPACE HOT TOTAL SPACE SPACE H(IT
HEAT- Cool,- wArEA HEAT- STORAGE I'SEFUL LOSSES COnt,- WATER USEFill. HEAT- Corit,- WATER HEAT- CArlI.- kATER
ING ING HEAT- ING LOSSES HKAT- FSTT- ING HEAT- ENERGY ING 1 NG HEAT- ING ING HFAT-ING ING MATEO ING ING ING

1    0.0 295.9 47.3 34*.2 0.0 75.1 0.0 4605 295.1 35.4 330.5 0.0 .8 11.9 12.7 0.000 .997 .748
2    0.0 470.0 42.3 512.3 0.0   66.0 0.0 44.2 404.7 31.8 436.5 0.0 65.3 10.5 75.8 0.000 .861 ..752

3 0.0 190.4 45.4 235.8 0.0 69.3 0.0 42.5 190.4 34.3 224.7 0.0 0.0 11,1 11.1 0.000 1.000 .756
4    0.0  2 Al.9 46.3 328.2 O.0 74.0 O.0 45.9 281.9 37.0 318.9 O.0 O.0 9.3 9.3 O.000 1.000 .799'

5    0.0 643.5 49.6  693.1 0.0 61.7 0.0 4.1.7 516.4 37.7 554.1 0.0 127.1 11.9 119.0 0.000 .802 .760
6    0.0 345.7 37.8 383.5 0.0   56.9    0.0 42.6 345.7 26.0 371.6 0.0 0.0 11.8 11.H 0.000 1.000 .687
7    0.0 284.2 45.7 329.9 0.0 62.1 0.0 43.8 2 H 4.2 34.6 318.8 0.0 0.0 11.1 11.1 0.000 1.000 .757
R    0.0 448.3 51.5 499.8 0.0   53.5 0.0 43.7 426.0 41.0 467.0 0.0 22.2 10.6 32.8 O.000 .950 .795
9    0.0 104 4 49.7' 154.0 n.tI 64.3 0.0 37.1 99.5 31.5 131.1 0.0 4.8 1 R.1 23.0 0.000 .954 .635 --
10 0.0 Q1.9 51.9 143.9 0.0   13.9 0.0 34.2 91.9 30.3 122.3 0.0 0.0 21.6 21.6 0.000 1.000 .584             E
11 0.0 427.5 39.7 467.2 0.1) 55.6 0.0 41.3 329.8 29.3 359.1 0.0   97.8 10.4 108.1 0.000 .771 .73"
12 0.0 267.0 31.4 298.5 0.0 49.9 0.0 42.1 233.2 20.4 253.5 0.0 33.9 11.1 44.9 0.000 .873 .648
13 0.0 210.5 16.9 227.4 0..0 51.5 0.0 46:3 210.5 6.2 216.7 0.0 0.0 10,.7 10'.7 0.000 1.000 .369:

14 0.0 0.0 58.7 58.7 0.0   66.5 0.0 46.9 0.0 45.5 45.5 0.0 0.0 13.2 13.2 0.000 0.000 .775
15 0•0 257.0 19.9 276.9 0.0 45.6 0.0 43.3  257.0 8.0 265.0 0.0 0.0 11.9 11.9 0.000 1.000 .402
16 O.n 0.0 27.4 27.4 0.0 40.9 0.0 42.4 0.0 16.5 16.5 0.0 0.0 11.0 11.0  0.000 0.000 .601
17    0.0 0.0 15.1 15.1 0.0 69. R 0.0 44.6 0.0 4.0 4.0 0.0 0.0 11.1 11.1 0.000 0.000 .267

TOTAi, 0. 4318. 676. 4995. 0•  1008. 0. 731. 3966. .469. 4436. U. 352. 207. 559. 0.000 .918 .694
DAILY 0.0 254.0 39.8"293.8 0.0   59.2 0.0 43.0 233.3 27.6  260.9 0.0 20.7 12.2 32•9 0.000, .918 .694
MONTH 0. 4318. 676. 4995. 0. 1006. 0. 731. 3946. 469. 4436• 0. 352. 207. 559. 0.000 .918 .694

ALL DATA IN MFGAJOULES
* BASED· ON 54.2 SO.M COLLECTOR AREA
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Table C-4C (continued)

----- ---COLLE·C'|'OR PFRI·'11RMANCH.:--- -CHil,I,FIR PI:'1 FORI,4''ic.R-
DAY T#1621, R [, RO,01,7AH* IR·11 1 AO OAR,·. r#·92 , 9,5,1,lAR  1 C-  El03

SOLAR* Wl, E. N DELIV- EFFIC- OUTPUT OUTPUT 'ril)N HY +
COLLECT- EHED IFNCY SOLAR E303

ING

1   .963 1443.5 1249.0 438.9 .304 154.9 154.9 1.000 17.1

2   .857 1114.4 923.2 302.2 .271 245.2 212.9 .86H 17.0

3   .953 1240.4 1126.2 409.2 .330 90.0 90. i) 1. 11(,t) 16.H

4   .972 1452.1 1235.2 427.3 .294 131.2 137.2 1.0 00 17.5

5   .799 1410.1 119H.0 4Hl.6 .341 321.5 261.H .H 14 16.9

6   .969 1432.2 1243.1 476.1 .332 169.0 169.0 1.000 19.2

7   .966 1340.6 1153.2 426.9 .318 13H.6 138.6 1.401) 16'A

8   .934 1296.6 1135.0 399.7 .308 225.9 213.9 .947 17.1

9 .851 252.6 7.3 0.() 0.000    -.3 -.2 .606          4.7

10 .850 122R.0 1043.6 414.5 .338    -.2 -.2 1.000 17.2

11   .769 1219.6 1022.2 384.7 .315 228.0' 177.7 .779 17.1

12   .849 1393.0 1231.0 471.9 .339 143.5 126.9 .H84 18.0

13   .953 1223.8 1042.4 381.6 .312 108.3 108.3 1.000 15.5

14 .775 441.4 254.3 49.4 .101    -.0 -.0 1.000    8.7

15 .957 906.7 649.2 194.H .215 141.8 141.8 1.000 14.7

16 .601 893.6 631.7 162.9 •1 H 2    -.0 -.0 1.000 12.5

17 .267 497.6 162.1 23.4 .047   ...O -.0 1.000    5.5

TOTAL .BH8 18837. 15307. 5445. .289 2103.3 1932.5 .919 252.3

, D A I L Y .888 1108.1 900.4 320.3 .2 H 9 123.7 113.7 .919 14.H

MONTH .888 18837. 15307. 5445. .289 2103.3 1932.5 .919 252.3

ALL DATA IN MEGAJOULES
*BASED ON 54.2 SQ. M COLLECTOR AREA
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APPENDIX D

CALCULATION OF PRIMARY HEAT FLOW QUANTITIES



184

CALCULATION OF PRIMARY HEAT FLOW QUANTITIES

(1)  The useful heat delivered to the storage tank from the collectors
is calculated by:

*-

TFC

Qlll = IFX x[ f p(T) C (T) dT ]TTC

where IFX is the integrated flow to the collector and TTC and TFC
are the temperatures to and from the collector measured at the heat

exchanger.

(2)  The house heating or cooling load is givin by:

TTL

Q402 = IFL x[ f p(T) C (T) dT ]
TFL            P

where IFL is the integrated load flow rate and TTL and TFL are the
temperatures to and from the heating coil or Arkla chiller genera-
tor.

(3)  The heat removed from the house by the Arkla chiller is given by:

TFCH

Q    = IFCH x[     f      p(T) C (T) dT ]TTCH

where IFCH is the integrated chilled water flow rate and TTCH and
TFCH are the temperatures to and from the cooling coil.

(4)  The cooling load type is determined by the value of the solar/
auxiliary valve position indicator.  The assignment is determined
by:

QAIRCS = QLOAD if the valve is in the solar position
QAIRCG = QLOAD if the valve is in the auxiliary position

where QAIRC is the heat delivered to the Arkla chiller and the S or
G indicates the source of heat, solar or electricity, respectively.

(5)  The solar heat removed from the house by solar is given by:

Q    = QCOOL if the valve is in the solar position
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(6)  The solar heat in storage above 20°C is given by:

TSTOR

Q205 = VST x[     f       0(T) C (T) dT ]
20°C              P

where VST is the volume of water in the storage tank and TSTOR is
the average of the thermocouple temperature readings within the
tank.

(7)  The change in solar storage from time (tl) to time (t2) is given
by:

AQ205 = QSTOR(t2) - QSTOR(tl)

(8)  The heat delivered to the preheat tank (when the tank is in the
storage loop) is given by:

,,

TTL
Q310 = IFL x [

f    p(T) Cp(T) dT ]TTPHE

where IFL is the integrated flow to the load and TTPHE and TTL are
the temperatures to and from the domestic hot water heat exchanger.

(9)  The heat delivered by solar to the hot water tank is given by:

TP
Q311 = HWLIT [

f    p(T) C (T) dT ]H OT
2

where HWLIT is the integrated service hot water demand and TP and             i
H20T are the temperature of the top of the preheat tank and the

water main temperature, respectively.

(10) The auxiliary heat delivered to the' hot water tank is given by:

TSHW

Q301 = HWLIT x[   f      p(T) C (T) dT ] + Q352 - Q308TP

where TSHW is the temperature of the top of the service hot water
tank and all other quantities are as defined previously.
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1 (11) The change in preheat tank energy from time (tl) to time (t2) is

I given by:

DELQPH = mC (T) x [ TPAVG(t2) - TPAVG(tl) ]

where mCp(T) is the mass-specific heat product of the tank and
TPAVG is the average of the preheat thermocouple temperature

readings.

* U.S. GOVERNMENT PRINTING OFFICE: 1981-740-145/2252


