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A solar tracking device for causing a solar collector to track
the sun during the course of the day and for automatically
reorientating the collector to the east at the end of the day
which includes; a pivotal support (13,17) with the centre of
gravity below the pivot axis(16), an eastern closed container(2S)
and a western closed container(27)whereby both containers are
interconnected for ’'volatile) fluid communication there between
and mounted on the pivotal support (13,17) one on each side of
the pivot axis(16) and so positioned relative to each other that
the western container(27) is higher than the eastern container(25S)
when the device is at the rotational position which it assumes at
midday and a shading means (31,32) for shading the container
nearer the sun more than the container further from the sun to
provide unequal solar radiation on the container when the rays

of the sun are not at a predetermined relation to Lhe containers
thereby causing fluid transfer between them and rotation of
the containers and the support about the pivot axis until equal

radia'.lon is received by both containers.
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THIS INVENTION relates to a solar tracking device for
ciusing a solar eneryy collector to follow the sun from
€ast to west during the course of a day so as to maintain
a position close to optimum with respect to the sun and
for recrientating the collector to the ecasterly direction
at the end of the day r2ady for sunrise on the followiny

morning.

Numerous tracking devices have been developed to cause
solar energy collecting devices to follow the sun from
east to west during the course of a day so as to allow the
solar energy collecting devices to operate most efficien-
tly by increasing both total output and uniformity of out-
put. Many such tracking devices are of complex construc-
tion and require an external energy supply and as a result

are not cost-effective.

A simple tracking device which operatéé without relying
either on an external energy supply or on energy gathered
by the collector itself, is described in United States
Patent No. 2,999,943 to C.W. Geer. In that solar tracking
device, a pair of containers are interconnected and sealed
SO as to form a closed system which is partially filled
with a volatile liquid. The containers are supported on a
pivotal platform which also carries a solar radiation
collector, the containers being disposed opposite one
another one to each side of the pivot axis. The con-
tainers have shades which are so arranged that when the
rays of the sun are normal to the surface of the collec-
tor, the containers receive equal amounts of solar radia-
tion, When, owing to westerly movement of the sun, tho
rays are no longer normal to the collector surface, the
shades allow the container that is farther from the sun to
receive a larger amount of radiation than the container
which is closer to the sun, thereby producing a tempera-
ture differential between the two containers. The tem-
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perature differential between the two containers resuits
in a transfer of liguid to the cooler container which 1in
turn alters the static balance of the device thereby
causing rotation of the device until the temperature
differential 1s eliminated. In this way, the cevice
follows the sun from east to west during the course of the
day. At the commencement of the day and throughout the
morning the device is in an easterly-facing direction and
hence the eastern container 1is lower than the western
container. The two containers are at the same height when
thé device attains the central position at midday and in
the afternoon thereafter the device assumes a
westerly-facing direction in which the western container
is lower than the eastern container. At the end of the
day, the device stays in the westerly-facing direction and
is required to be manually reoriented to the
easterly-facing direction. If the device is not manually
reoriented, it would remain in the wegEerly-facing direc-
tion until such time as the sun rose sufficiently high in
the east to shine over the eastern shade to strike the
western container and thus the benefit of many hours of
sunlight would be lost.

While not specifically disclosed in the Geer patent, the
two containers will have unequal cooling rates if the sun
is obscured when the device has tracked to a tilfed posi-
tion. This is because the lower container contains more
liquid than the higher container and therefore has greater
thermal mass and must cool more slowly. The differential
cooling rates provide a tendency for fluid transfer from
the lower container to the higher container owing to the
lower pressure of vaporised liquid 1in the higher c¢on-
tainer. Such tendency for fluid transfer is opposed by
the head of the volatile ligquid in the closed system. 1f
fluid transfer should take place, it would have the effect
of altering the static balance of the device so as to

BAD ORIGINAL g)

AP000029



ause the device to commnence to tilt towards the central
position. The tendency for the liquid to move to the
highe2r container would however be eliminat>d 1f the devi:e
appeoached  the central position as at  this poiat the
contain2rs would now hold equal quantities of liguid and
would therefore cool at egual rates. Consequently, the
device would not pass through the central position, but
would instead tip back to the westerly-facing dicection
under the effect of gravity on the ligquid. However, in
practice it is most unlikely that the differential cooling
rates 1in this instance would effect sufficient fluid
transfer to even commence return movement of the device in

the eastward direction.

To eliminate the need for daily manual reorientation of
the device to the east, the concept of regulating the
rates of cooling of the two containers was introduced in
United States Patent No. 4,175,391 to S. Baer. In the
Baer solar tracking device, the containers are provided
with differential insulation or other means to enhance
differential cooling between the containers thereby
providing further inducement for fluid to be transferred
from the western container to the eastern container at the
end of the day. Provided acquisition of sufficient heat
is not impeded by atmospheric conditions, a sufficient
temperature differential will be generated between the
containers on rapid cooling to enable the device to pass
through the central position and return to the
easterly-facing position in readiness for the reappearance
of the sun on the following morning. However, such a
solar tracking device does suffer from two deficiencies
which Dbecome apparent under certain almospheric condi-
tions. First, if the atmospheric conditions are such that
the containers absorb insufficient heat or cool slowly
(for example in situations where the intensity of the sun

declines gradually owing to a hazy sky), there may be
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insufficient temperature differential on cooling at sunset
to overcome the effect of gravity on the liquid, as the
western container 1s appreciably lower than the eastern
container at the end of the day. Conseyguently, reorienta-
rion to the casterly direction will not occur. In such
circunstances, a considerable amount of morning sunlight
will be wasted 1f the solar tracking device 1is not
manually reset. Secondly, if the sun is obscured for a
period of time owing to cloud, the Baer solar tracking
device will orient itself to the east during the morning
and may do so in the afternoon. However, around equinox,
if the sun reappears a little after midday, the western
shade will prevent the sun from shining on the eastern
container and so the solar tracking device will not align
itself in the direction of the sun and so the remaining
sunlight for the day is lost.

It is a principal object of this invention to provide a
solar tracking device which reorients itself to the east
in the absence of sunlight regardless of atmospheric

conditions.

It is a further, but only preferred, object of this inven-
tion to provide a solar tracking device which can realign
itself to the sun regardless of the relative positions of

the device and the sun.

Briefly, the principal object of the invention 1is met by
mounting the containers relative to one another such that
the western container is higher than the eastern container
when the device is at the rotational position which it

assumes at midday.

As a consequence of such arrangement, the device assumes a
threshold rotational position in which the two containers

are at the same level, some time after midday. When the
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containers are at this threshold level, the westorn con-
talner must contain/fegﬁatlle liquid than the euastern
container and will have absorbed a considerable amount ot
heat energy. This factor provides the solar tracking
device according to the present invention wilith an inherent
tendency to automatically reorient to the east, as will
now be explained. After the solar tracking device has
passed through the threshold rotational position during
1ts westward movement, the western container is lower than
the eastern container. The head of fluid will therefore
tend to oppose transfer of liquid from the western con-
tainer to the eastern container at sunset or in other
circumstances where solar radiation incident on the con-
tainers 1s intesrrupted. However, because the western
container now holds more fluid than the eastern container
it will cool at a slower rate than the eastern container
and so fluid will transfer from the western container to
the eastern container. The resultant shift in the centre
of gravity rotates the device eastward. The proportions
of the device can be so chosen that if sufficient heat is
absorbed to tilt the device fully to the west, there will
be sufficient fluid transfer on cooling to return the
device to the threshold position in which the two con-
tainers are at the same level. Unlike the previously
described prior art devices, the western container con-
tains more fluid than does the eastern container when at
the threshold position, consequently fluid transfer to the
eastern container due to cooliny continucs so as to move
the device eastward past the threshold position. Once the
device 1is past the threshold position, the effect of
gravity on the liguid ensures that the device completes

1ts movement eastward.

Accordingly, in one form the invention resides in a solar
tracking device comprising a pivotal support having a

centre of gravity below the pivot axis, a pair of closed
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containers belng an eastern container and a western con-
tainer, the closed containers beiny 1nterconnected for

fluid communication therebetween and containing a volatlil

)

fluid, the containers beiny mounted on the pivotal support
one on each side of the pivot axis, shading means £fo¢
shading the contaliner nearer the sun more than the con-
tainer further from the sun to provide unequal solar
radiation on the containers when the rays of the sun are
not at a predetermined relation to the containers thereby
causing fluid transfer between the containers and rotation
of the containers and the support about the pivot axis
until equal radiation is received by both containers,
wherein the containers are so positioned relative to each
other that the western container 1is higher than the
eastern cdntainer when the device 1is at the rotational

position which it assumes at midday.

With said further (preferred) object in ;iew, it is pre-
ferable that the two containers are offset from one ano-
ther along the pivot axis to an extent which ensures that
there is no position of the device relative to the sun in
which excessive shading of the eastern container will
occur. This ensures that the device will realign with the
sun in circumstances where the sun reappears after being
obscured for a lengthy period of time. With this arrange-
ment, it is preferred that the containers are so posi-
tioned relative to each other that when the pivot axis 1is
positioned substantially parallel to the rotational axis
of the earth, the eastern container 1is closer to the
equator than the western container. In this way, the
western container is at a higher level than the eastern
container at latitudes other than those at or neat the

equator.

Preferably, the containers are elongated and positioned so

as to extend generally in the direction of the pivot axis.
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Preferably, the shadiny means comprises a pailr of shades
beiny an eastern shade associated with the eastecn con-
tain2r and a western shade associated with the western
containzr. Preferably, each shade extenis upwardly from a
position at the side of the container remote from th.
pivotal axis to a position over the container. The
western shacde should also extend downward sufficiently to
shade the container if, due to prolonged cloud, the device
1s rotated fully east and the sun comes out late in the
day.

Preferably, the western shade has a portion transparent to
solar radiation. The solar radiation transparent portion
of the western shade may merely be defined by a cut-out
portion formed in the shade.

Preferably, the eastern shade has a reflective surface

facing the eastern reservoir.

Preferably, a reflective surface is positioned below the
eastern container to reflect solar radiation onto the
container. Conveniently, the reflective surface is provi-

ded on an extension of the shade.

Preferably, each reservoir is provided with a shielding
means transparent to solar radiation but resistant to air

flow.

The invention will be better understood by reference to-
the following description of one specific embodiment

thereof as shown in the accompanying drawings in which:-
Fig. 1 is a perspective view of a solar energy col-

lector incorporating a solar tracking device accord-

ing to the invention;
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Fig. 2 1s a plan view of the solar collector of Fiy.
1;

Fig. 3 1s a side elevational view of the solar energy
collector of Fig. 1;

Fig. 4 1s an end view of the solar collector of Fig.
1 in a westerly-facing position, showing only the
eastern container; and

Fig. 5 is a detailed view showing the eastern con-

tainer and its associated shade and shield.

The solar energy collecting device shown in the drawings

is constructed for use in the southern hemisphere.

The solar energy collecting device 11 comprises a beam 13
which 1is supported at its ends on support posts 15 for
rotation about a longitudinal pivot axis 16. The beam 13
is installed so as to extend in a generally north/south
direction and is inclined to the horizontal with the lower
end towards the equator, the extent of the inclination
being ‘approximately equal to the latitude of the site at
which the collector is positioned. '

A plurality of rectangular panels 17 is supported on the
beam 13 along the length thereof, there being three panels
in this embodiment namely an upper panel 17a, and interme-
diate panel 17b and a lower panel 17c. Each panel 17 is
supported on an upstanding support 19 the lower end of
which is mounted on the beam, as shown in Fig. 3 of the
drawings. An array of solar modules 21 is carried on each
panel. The panels are so mounted as to be capable of
rotation about an east/west axis through an angle of 23.5°
in either direction to permit manual adjustment to accom-

modate seasonal changes in the position of the sun.

Damping means are provided for damping the effects of
external forces (such as wind) tending to cause pivotal
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movement of the collector about the plvot axis 16. The
damping means in this embodiment is in the torm of a pair
of dampers 24 acting between the beam 13 and one support

post 15.

The solar enerygy collector is provided with a solar
tracking device for causing the collector to rotate about
the pivot axis 16 of the beam 13 so as to follow the sun
during the course of the day. The solar tracking device
comprises a pair of elongated containers being an eastern
container 25 and a western container 27. The containers
25 and 27 are interconnected for fluid communication
therebetween and form a clesed system which is partially
filled with a volatile liquid such as Freon 12. The
volume of volatile liquid contained in the closed system

is approximately equal to the capacity of one container.

The eastern container 25 is mounted close to the eastern
edge of the lower panel 17¢ and the western container 27
is mounted close to the western edge of the upper panel
17a. In this way, the two containers are offset from each
other in the direction of the pivot axis, with the western
container being higher than the eastern container when the
device is in the position which it assumes at midday (as

shown in Figs. 1, 2 and 3).

A shading means 1is provided _for shading the particular
container nearer the sun mmore than the container further
from the sun to provide unequal solar radiation on the
container when the sun's rays are not at a predetermined
relation to the container. Specifically, the shading
means comprises a pdair of shades being an eastern shade 31
providing shade to the east side of the eastern container
25 and a western shade 32 providing shade to the west side
of the western container 27. The shades 31 and 32 are so

arranged that the containers receive equal amounts of
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solar radiation when the panels 17 are aimed directly at
the sun and unegual amounts ot solar radiation in other
circumstances. The shades 31, 32 are elongated and extand
along the length of the containers. Each shade comprises
A c=ntral section 33 and upper maryginal section 35, The
central section 33 of each shade is positioned to the side
of the respective container remote from the pivot axis 16
and the upper marginal section 35 extends from the central
section 33 to a position above the respective container.
Each shade is provided with an extension in the form of a
lower marginal section 37 which extends from the bottom
edge of the central section 33 to a position below the
respective reservoir. The lower marginal section 37 of
the eastern shade is provided with a reflective surface

underlying the container.

The western shade 32 is provided with a portion 39 which
is transparent to solar radiation to ensure that the
western reservoir receives some solar radiation towards
the end of the day, the purpose of which will be explained
later. In this embodiment, the transparent portion 39 of
the western shade is in the form of cut-out portion in the

shade.

Operation of the solar tracking device will now be descri-
bed. In the early morning, the solar collector is in an
easterly-facing direction and consequently the eastern
container 25 is lower than the western container 27. As
the sun rises, the western container 27 1is initially
exposed to the sun and hence is heated. The eastern
container 25 is shielded from the early morning sun rays
by the eastern shade. Since the eastern container 1is
shielded from the sun's rays and the western container is
exposed to the sun's rays, there is differential heating
of the containers with the western container 27 absorbing

more heat. However, because the eastern container 25 is
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lowermost 1t 1s already filled with the volatile ligquid;
no fluid transfer takes place. Consequently, the solar
collector remains tilted in the easterly-facing direction.
This situation remains until the westward movement of the
sun r=sults 1n more shade falling on the western container
than on the eastern container thereby eventually reversing
the temperature differential and resulting in the trans-
ference of volatile liquid from the eastern container to
the western container. The mass transfer of liquid to the
western container causes a change in the static balance of
the collector and hence rotation of the collector in the
westerly direction until botﬁ containers are heated evenly
by equal exposure to the sun's rays thereby eliminating
the temperature differential. In this way, the solar
tracking device causes the collector to follow the sun
throughout the course of theday. Because of the relative
heights of the eastern and western containers, it is well
into the afternoon before the two reservoirs ﬁttain the
same height (referred to as the threshold position),
typically 2 p.m. in ‘this embodiment. By that time, more
than half the fluid in the closed system has been trans-
ferred to the western container and that container has
absorbed a considerable quantity of heat. The solar
tracking device continues to follow the sun until such
time as it arrives at the western extent of its permitted
movement at which time the eastern container is substan-
tially empty. As the eastern container 25 now contains
less fluid than the western container, it must cool more
rapidly than the western container when the sun sets or is
obscured. On cooling of the eastern container 25, there
is a mass transfer of volatile fluid from the western
container to the eastern container to commence pivotal
movement of the collector in the easterly direction for
reorientation of the collector ready for sunrise on the
following day. The mass transfer of volatile fluid car-
ries the collector to the threshold position in which the
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contarner are at equal height. At that stage, the westarn
container still contains more 1liguid than the eastern
container and hence will continue to cool more slowly and
thereby malntaln the temperature differential which con-
tinues to cause liquid to transfer to the eastern con-
tainer. Consequently, the device passes through the
threshold position and thereafter fluid transfer is assis-
ted by gravitational effects on the fluid as the device

proceeds towards the eastern extent of its movement.

The cut-out portion 39 in—the western shade 32 allows the
western container 27 to receive a limited amount of solar
radiation after the collector has reached the western
extent of its movement. While this serves no useful
purpose during the relatively short days of winter when
the sun would set soon after the collector has reached the
wéstern extent of its movement, it is useful during sum-
mer, when, owing to the longer days sunlight would con-
tinue for some time after the collector had reached the
western extent of its movement. If it were not for the
cut-out portion, the western container 27 would be com-
pletely shaded for a considerable period of time before
sunset whereby the container might cool to an extent which
would prevent reorientation of the collector to the
easterly-facing direction. The cut-out portion 39 there-
fore allows the western container 27 to receive limited
solar radiation so as to ensure that it does not suffer an
undesirable amount of heat loss. The presence of the
cut-out portion 39 may be detrimental to the performance
of the tracking device in circumstances where the sun re-
appears late in the day after beingy obscured for a pro-
longed period, as it would reduce differential heating of
the containers. Care should therefore be taken to ensure
that no more than half the length of the eastern container
can be shaded by any part of the device (other than the
eastern shade) in the most unfavourable position of the
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device and of the sun. It is also desirable to provide a
reflector beneath the eastern container to assist realign-

ment from the most unfavourable situation.

To enhance the precision of tracking, 1t 1s desirable to
prot2ct the containers from the influence of prevailing
winds. This is because the performance of the containers
depends on the balance between heat input and heat loss,
the latter being by way of conduction and radiation. Heat
loss in the conduction mode is affected by wind velocity
and since the wind velocity may not be equal over both
containers, it is desirable to restrict the extent of heat
loss from the containers through the conduction mode and
allow the major part of the heat loss to be by way of the
radiation. To this end, each container is surrounded by a
shield 41 which is transparent to both sunlight and in-
fra-red radiation, but which protects the containers from
direct exposure to wind. The shields 41 provide a further
benefit in that their presence causes the containers to
operate at higher temperatures thereby providing more

energy for reorientation of the collector from the
westerly direction to the easterly direction at sunset.

In order to reduce the effect of'prevailing winds on the
collector in terms of its tracking precision, it is desir-
able to have the centre of wind resistance of the collec-
tor as close to the pivot axis 16 as is possible. The
collector may be provided with a wind vane 43 for such

purpose.

From the foregoing it is evident that the present inven-
tion provides a relatively simple and effective solar
tracking system which can automatiéally reorient to the
east at the end of each day in preparation for sunrise on

the following morning.
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It should be apprecilated that the scope of the 1nventiosn
1s not limited to the scope of tno embodiment described.

In particular, 1t should be wunderstood that a solar

tracking dovice according to the 1nveation may b csoed

witihh a solar collector of any kind.

»
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CLAIMS

1. A solar tracking device comprising a mivotal support
having a centre of gravity below the pivot axié, a pair
of closed containers being an eastern container and a
western  contairer, the c losed containers beiny
intercorrected for fluid communication therebetween and
containing a volatile fluid, the containers keiny nmounted
on the pivotal support one on each side of the piuvot
axis, shadiny means for shading the container nexrer the
sun more than the ﬁontainer further from the sun  to
provide urizaual sola radiation at & rredetermined
relation to the containers thereby cauning fluid troo 0o

between the containsrs and rotation of the corlainers and
the support alxout the pivot axis until equal radiation is
received by both containers, characterized by their
relative position to each other in that the western
container is higher than the eastern container when the

device is at the rotational position which it assumes at

midday.

2. A solar tracking device according to claim 1 wherein

the western shade has a portion +transparent to solar

radiation.

3. A solar tracking device according to claim 2 wherein

the trarsparent portion comperises a cut-cut portion

formed in the shade.
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4. R solar tracking device according to any of the

preceding claims wherein each reservoir is provided with

a shielding meoans transparent to solar radiation but

resistant to air flow.

Dated this 24th day of July 1986.
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