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FIG. 17.5 Trombe—Michel house, developed for use in the south of France, with a massive
concrete south-facing wall used as the heat absorber, insulated by double glazing, with con-
vection space provided between the concrete and the glazing. The vertical south wall provides
both heat storage and heating of the building at night.

Figure 17.5 shows the house originated by Dr. Felix Trombe, Director
of the Solar Energy Laboratory at Odeillo, and designed by architect M.
Michel. The Trombe system has been studied since 1956, and patents have
been granted to the National Center for Solar Research, in the name of Dr.
Felix Trombe, in 1956 and again in 1971 and 1972. The system is passive,
because the solar radiation is absorbed by a heavy concrete south-facing
wall, which is covered with a single glazing. The concrete wall extends below
the floor of the living space, and entry ports are provided which enables cool
air from the floor level to flow downward, and then, as the concrete is heated
by the sun, the air rises in the space between the glass and the wall, and
returns to the house through ports located near the roof. An overhang
protects the wall from excessive insolation during the summer. Electric
strip heaters are provided for standby purposes during excessively cold
weather and during days with little sunshine. The location, adjacent to the
resort town of Font Remeu, enjoys more sunlight than any other portion of
France, and the summer weather is pleasantly cool, so that, by simply
opening up dampers at the top of the windows, air can be circulated through
the house from openings on the north side into the solar-heated space between
the glazing and the concrete, to be discharged through the dampers to the
atmosphere at night. This system is extremely simple, but it has proven its
effectiveness, and much more elaborate structures than that shown in Fig.
17.5 have been constructed in the same region.

Another completely passive heating system is that used by Mr. and Mrs.
David Wright in the house which they have built at Santa Fe, New Mexico
(Fig. 17.6). This house is constructed with heavy double adobe walls, with
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FIG. 17.6 The David Wri g i
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B. Active Systems

Most of the hundreds of solar-heated residences built throughout the
world use the active system, in which separate collectors are used to gather
the solar radiation, transfer it to air or water, and store it in tanks of water or
rock piles, or both. The air and water are circulated by fans or pumps, and
conventional means are used to distribute the heat to the interior of the
residences. The oldest of these in terms of operating history is the structure
shown in Fig. 17.7, which was built by Dr. George Lof, one of the pioneers
in the solar energy movement in the United States, in a southern suburb of
Denver, Colorado. The altitude at this point is approximately 5000 ft above
sea level, and the winters are quite severe. The summers are characterized
by brilliant sunshine and relatively cool nights, so air conditioning is not
a necessity. The Lof house (Fig. 17.7) uses two long air heaters, mounted
within a parapet on the roof. The heaters use the overlapping glass plate
principle, invented by Dr. Lof during World War II and first tested by him
in a much smaller cottage in Boulder, Colorado.

FIG. 17.7 The L&f house, erected in Denver in 1958. Two banks of overlapping glass
collectors are used to warm air, which in turn heats gravel in two storage cylinders. Heating
at night and during cloudy weather is accomplished by the stored sun-collected heat in the

rock-filled cylinders.

The collectors utilize glass plates, with the upper half transparent and
the lower half blackened. The plates are set at an angle to the direction of
air flow, so that the solar radiation, entering through a cover glass, also
passes through several thicknesses of clear glass and is then absorbed on
the blackened lower segment of each glass plate. Temperatures as high as
76.7°C (170°F) can be attained, and the heated air is blown through two
large cylinders which are filled with rocks approximately 5 cm (2 in.) in
diameter. This constitutes the storage system, which is charged up during
each day. Usually the house is kept sufficiently warm by solar radiation
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;clriltlelrtmt%1 tl;lrough‘ south-facing windows and through sun-heated walls. At
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It is probable that, when natural gas becomes unavailable in the Denver

area, electricity will be used in resistance heaters
provide the backup energy source.

One of the most successful and simplest solar heating systems is that

devised by Dr. Harry Thomason of Washington, D.C. His Solaris system |

;:cizrsltzg vovﬁi:ln;ﬂov: collec;(l))i made of corrugated aluminum sheets that are
waterproof black. A single cover glass is used
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s 1t 7.8 T.l:ie ThorTlason res1d§nce in Washington, D.C., which uses the system shown in
has.m .9, t(1)1 provide heating by relatively low-temperature sun-warmed water. This hou:
ore than eighteen years of experience to demonstrate its feasibility i e

o) ¢ in a heat pump, to ‘
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is “fail-safe,” because the water drains from the collector whenever the pump
stops for any reason. Warm air is used as the heat transport medium, and
this is circulated by a small blower. For summer operation, a small com-
pression refrigeration system is used to cool the water in the tank. A com-
pressor operates only during off-peak periods, and cool air is circulated
through the house during the daylight hours, when air conditioning is
required.

The first of the Thomason houses was built in 1959, and no less than 20
were in operation by the end of 1975, in locations ranging from California
and Colorado to Minneapolis, located in one of the coldest sections of the
United States. Figure 17.9a, b shows a cross section of the Solaris system and
an open-flow collector.

Representative of the high-technology systems which are now prolif-
erating throughout the United States is Phoenix of Colorado Springs (Fig.
17.10), which was built during the winter of 1973 to show the citizens of
Colorado Springs, Colorado, that the sun could provide most of the heating
requirements of a large, well-insulated residence, despite the fact that this
city is located at an elevation of more than 5000 ft and encounters very
severe winters with large amounts of snow. The collectors are located on the
south wall of the second floor of the residence and on a free-standing exten-
sion above the roof. The roof has a white topping applied above the water-
proofed surface to reflect additional solar radiation onto this collector when
the sun is low in the sky, as it is during the winter months. A 16,000 gal tank,
buried on the north side of the house, provides the storage, and the heat
transport fluid from the collector to the storage tank consists of a mixture
of water and ethylene glycol. A heat exchanger transfers the heat from the
sun-warmed transport fluid to the contents of the storage tank, which are
then circulated through the air handlers within the basement of the house.
Standby heating and summer cooling are provided by an air-to-air heat
pump, also located in the basement. Because of the very large size of the
storage tank, Phoenix of Colorado Springs can successfully go through a week
of inclement weather without having to call upon the auxiliary heat source.

A number of active solar-heated and -cooled residences are now in
operation in the United States. These use double-glazed high-performance
flat plate collectors to heat water, freeze-proofed with ethylene glycol or a
similar substance. In winter, the water is used directly in the heating systems
of these buildings, and in summer, the hot water is used to activate a lithium
bromide absorption refrigeration system. Difficulty has been experienced in
obtaining a sufficiently high collection efficiency at the 93.3°C (200°F) tem-
perature level to make such systems economically desirable at the present
time, but with the introduction of a practical sun-following concentrating
collector using a linear Fresnel lens, these systems offer far more promise of
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FIG. 17.10 Phoenix of Colorado Springs, a solar-heated and heat-pump-cooled house
erected in Colorado Springs, Colorado in 1973. Flat plate collectors provide the heat required
in winter, and air circulation is provided by the indoor fan of the heat pump, which serves as the
auxiliary heat source and as the summer cooling means.

receive a substantial amount of direct radiation until close to 0900 h on a
summer day. The sun moves again to the northwest by 1500 h, giving only
approximately 6 h of collection time. The concentrating collector, on the
other hand, can turn towards the east and pick up the early morning solar
radiation, and follow the sun across the sky until it is about to set in the
northwest. Such collectors are now undergoing extensive tests at a manufac-
turing plant near Dallas, Texas, and many are already in commercial use.

Representative of the highest technology yet applied to a solar house is
Solar One, built by the Institute of Energy Conversion, University of
Delaware, Newark, Delaware. Shown in Fig. 17.11, this house uses vertical
south-facing air heaters to provide most of the winter heat requirements. In
addition, two groups of collectors are mounted on the roof, which is tilted at
an angle of 60° to the horizontal. The photovoltaic cells are intended to
provide the electrical power required by the residence, and surplus power

FIG. 17.11 Solar One, the solar-electric house erected at Newark, Delaware, by the
Institute of Energy Conversion, University of Delaware. Solar heat is provided during the
winter by vertical south-facing panels in bay windows, and by solar-electric panels on the
roof, tilted at 60° to the horizontal. Cadmium sulfide cells produce both electricity and heat
when irradiated, and since they must be kept relatively cool, the heat is stored in heat-of-fusion
devices, located in the basement. The electricity generated during the day will be stored in
120-V d.c. storage batteries, for use at night to run a heat pump which will cool the building
and have its excess cooling power stored in another heat-of-fusion storage bin. This is the only
Type IV house in existence at the present time, but it is certainly the shape of things to come.
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generated during the day is stored in a bank of storage batteries. Cadmium «‘
sulfide cells cannot sustain temperatures much above 82.2°C (180°F), and
so during summer days, the cells must be cooled, even though the heat
which they collect cannot be used. Vents are provided to release the heated
air to the atmosphere. 4

Another novel feature of Solar One is the use of two types of heat-of-
fusion materials for energy storage. The first, similar in composition to the
well-known Glauber’s salts, stores heat at about 40.6°C (105°F), for use when
the building requires heating. The second stores heat at 12.8°C (55°F), and
this is used during the summer to store coolness, produced by a heat pump i
during the day when the solar cells are producing electricity, for use at night, -
The heat pump also serves as the backup heating and cooling system to
keep the house comfortable when the solar apparatus is not functioning, -
Although it is recognized that Solar One is still very much in the experimental
stage, it affords a preview of what the future may bring in the way of houses
that are completely self-sustaining, producing both heat and electricity from
the sun, with only minimal need for assistance from the local electrical
utility. Cadmium sulfide cells are recognized as being less efficient by a factor '
of 3 to 1 than the silicon cells which have proved their capability in the space
programs of the US and USSR. However, cadmium sulfide is extremely
cheap to produce, in contrast with the ultraexpensive silicon cells. There is
hope and even expectation that the cost of silicon cells will be reduced bya
factor first of 10 to 1 and then 100 to 1 within the coming decade, and when
this takes place, it is not too optimistic to expect that systems similar to

that used in Solar One will be in much wider use in the sunlit portions of the
world.

17.5 CONCLUSION

Solar radiation can produce most of the heat required by dwellings in the
temperate and hot regions of the world. Perhaps a dozen houses throughout
the world are currently being provided with most of their thermal require-
ments by means of passive systems, in which solar radiation heats some
element of the structure itself, and this in turn both stores heat and transfers
it to the interior of the building; or by active systems, in which the essential
components, collector, storage, standby, and energy distribution, are
separated, with air or water used as a transport fluid to carry the collected
heat from the collector to the storage and from the storage to the interior of
the building. Most of the solar-heated houses which have been built thus
far use the second system, because it is more versatile and can be applied in
virtually any part of the world that has a reasonable amount of sunshine.
Costs are generally lowest for the passive systems, since they avoid the use

T
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