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ADAPTIVE SELF PUMPING SOLAR HOT
WATER HEATING SYSTEM WITH
OVERHEAT PROTECTION

This application claims the benefit of U.S. Provisional
Application No. 61/195,288, filed on Oct. 6, 2008, which is
hereby incorporated by reference in its entirety.

SUMMARY OF THE INVENTION

The new system has a self pumping solar loop which is
directly propelled by solar heat. The circulation does not
require any mechanical components, motors, pumps, valves,
electronic components, controllers, sensors or wires. This
avoids common reliability problems and provides significant
cost savings in material and installation labor. The new sys-
tem uses one or more standard flat plate collectors and a
standard hot water storage tank. No special made collectors or
tanks are required.

The new system is quick and easy to install or to retrofit in
an existing residential hot water system. Time and costs are
saved. No soldering is required, because of easy to use fit-
tings. The new maintenance free-system produces savings in
purchasing, ownership and carefree operation. Only a single
roof penetration for collocated piping is required. Usage of
flexible tubes provides cost savings and easy installation. The
system has silent operation.

The system has an automatic temperature-limiting mode,
which avoids positive pressure and scalding hot temperatures
in the storage tank—saving an expensive anti-scalding valve.

The system has an automatic overheat protection system,
which drains the collectors at extreme situations for safety
and to protect chemical properties of the heat transfer fluid.
The system can be safely operational without any hot water
draw for long periods. The system is free from stagnation in
the collectors; there is no risk that high temperatures can
break down the chemical composition of the heat transfer
fluid.

An automatic system for creating vacuum automatically
restores vacuum, if needed, and results in easy installation
and carefree operation. The system is fully closed; no con-
cerns exist that vacuum or fluid will be lost.

The system is freeze protected using a mix of food safe
propylene glycol, water and ethanol.

The system automatically adapts flow and temperature to
match the amount of insolation. No check valve is needed, as
reverse thermo-siphoning is not possible.

Use of a high performance heat exchanger results in a high
temperature output and an excellent heat transfer to the hot
water in the storage tank. An internal heat exchanger coil or a
side-arm heat exchanger can be used. For cost effectiveness,
a side-arm heat exchanger can be used and fitted or retrofitted
to a standard tank without soldering. This combination pro-
duces an immediately usable hot layer of >40° C. water in
perfect stratification within the hot water tank.

The heat exchanger can be added to a standard hot water
tank, inexpensively using the drain port at the tank’s base and
the temperature and pressure port at the tank’s top. The con-
nections use standard 34" T fittings and standard flexible
pressure hoses with nut/fitting connectors. The temperature
and pressure (T&P) relief valve is unscrewed from a standard
tank. A top T-fitting is connected in the place of the T&P relief
valve, and the T&P valve is screwed back at the top of the
T-fitting. The top of the heat exchanger is connected to the
other port of the top T-fitting via a standard flexible water
heater pressure hose. At the bottom of the tank, a drain valve
is removed from the drain port. A bottom T-fitting is attached
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to the drain port. The drain valve is screwed in one side of the
bottom T-fitting. The other side of the bottom T-fitting is
connected to the bottom of the heat exchanger. The domestic
cold water and hot water ports remain unchanged.

Tight couplings ensure hermetic seals for cross-linked
polyethylene PEX tubing in the solar loop. Use of standard
flare fittings provides easy and quick, solder free and hermeti-
cally sealed connections of the passive solar pump unit to the
solar collector.

A new method of passive fluid pumping for solar water
heaters is provided. Standard commercially available solar
collectors are employed. Two solar collectors can be served
with a single passive fluid pumping unit, providing a further
cost saving.

The invention provides a new solar heat driven self pump-
ing unit. A passive method is employed to automatically
restore vacuum, if needed. The fully closed system is without
risk of fluid loss by evaporation to ambient.

Available fittings enable use of low cost and easy to install
flexible PEX tubing without vacuum loss. No soldering is
required for installation. Installation of the new system does
not require soldering and uses nut and O-ring fittings, flared
fittings and union couplings. The collector is prepared with
matching fittings which easily are added to standard collec-
tors at the factory or locally.

The system will be filled with the correct water/glycol/
ethanol mixture as heat transfer fluid. The correct fill level
should be observed. There is no need to manually pull system
vacuum initially.

Basic physics are used for all operations: pumping, restor-
ing vacuum, temperature limiting and purging fluid in case of
overheating. Only one valve is used. It is normally always
closed. Although basic physics principles are used, novel and
unobvious contributions of the invention include improve-
ments over previous solar hot water systems.

One previous system has a specially designed single col-
lector with fixed risers extended high above the collectorin a
specially brazed collection manifold. In contrast, the new
device can be added to one or more standard collectors with
various sizes.

The invention would not have been obvious, because it
decouples the pumping mechanism from the collectors.
Extensive research and development has been conducted to
design the new passive solar pump that works well under all
conditions.

The following new results have been produced in the inven-
tion, which creates an efficient and aesthetic fluid pump sys-
tem, avoids pressure buildup in the closed loop system, allows
fluid expansion due to thermal expansion and includes a
overheat protection mechanism, which allows operation and
protects the chemical composition of the glycol.

The new system uses an indirect geyser pumping method.
Steam bubbles produced in the collector result in a geyser
pumping action in an externally fitted exit tube manifold. The
separation mechanism of fluid and vapor is also new. Added
benefits are that more fluid-volume is pumped, and no com-
plex bubble nucleation devices are required.

Inprior art systems each riser has its own exit-tube sticking
out above the collector, above which creates a visually obtru-
sive design. That prevented use of a standard collector. That
also does not cater to multiple collectors connected to a single
pump and shared heat exchanger loop. In addition, steam
vapor bubbles quickly condense and shrink in the empty
cooler riser tubes, which further reduces their effectiveness.

The new invention is superior in performance, is dramati-
cally improved aesthetically and at the same time is more
flexible, less complex and less costly. The new system auto-
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matically initiates and maintains vacuum, which makes the
system much easier to install and avoids maintenance con-
cerns of losing vacuum over time. Vacuum loss has been a
problem in the prior art systems.

The pumping action in the new invention is a four stage
system. The sun warms up fluid in risers connected to the
absorber in the collector. Due to thermo-siphoning the hottest
water rises to the top of the risers. Due to the lowered pressure
in the system, the fluid will reach a boiling point at a low
temperature. This creates steam bubbles, which result in a
volume expansion factor of 1600. The bubbles drive and lift
slugs of hot fluid to an elevated hot fluid reservoir. A fluid
balance principle causes circulation in the solar loop—trans-
ferring hot fluid through the heat exchanger, and thereby
transferring heat to the storage tank. Cooled fluid is returned
from the heat exchanger to the solar system cooler fluid
reservoir. Vapor from the risers is separated from the hot fluid,
and returned to and condensed in the cooler fluid reservoir.
The heat freed by the vapor condensation preheats fluid
returning to the collector.

The heat transfer fluid should have a low boiling point. The
heat transfer fluid should not freeze to avoid bursting of the
collector and tubing. A mixture of water, glycol and ethanol is
used as the heat transfer fluid. It offers a low freeze protection
temperature. Under the moderate vacuum the system operates
in, the system starts pumping at a temperature of 35° C. The
minimum operating temperature can be chosen by selecting
the mixture proportions. The heat transfer fluid has a good
heat transfer capacity. The system limits high stagnation tem-
peratures, and the fluid keeps chemically stable. Water, etha-
nol and propylene glycol is a safe and nontoxic fluid mixture.
This allows use of a single-walled heat exchanger.

The expanded steam vigorously pushes against the hot
fluid in the solar collector’s top manifold. The fluid and steam
bubbles can escape only through the exit-tube, which is con-
nected at the external port of the collector’s top manifold.
Eventually the steam bubbles will escape through the exit-
tube following the pumped out hot fluid. Since the cool fluid
level in reservoir R2 is positioned slightly higher than the top
manifold, the top manifold will refill with heat transfer liquid
feeding up from the bottom of the collector using the fluid
gravity balance principle.

The number and diameter of the exit-tubes are chosen large
enough to allow enough fluid to escape without much restric-
tion, but small enough so that it is not possible for steam to
travel through the fluid. The steam bubbles will push all of the
fluid slugs up the tube.

The steam bubbles will also provide a downward force, but
since the volume of water in the top manifold and exit-tube is
much lower compared to the volume of the water below in the
collector, there is minimal reverse flow. A specially designed
one-way valve with low flow restriction at the bottom of the
collector can slightly improve pumping efficiency, but the
valve is not strictly required. A very simple one-way valve
was developed for this purpose. The system can work without
this valve, and even if the valve fails, the performance of the
system is not significantly impacted.

The hot fluid in the exit-tube is pushed to a higher level and
partially fills reservoir R1. The fluid level of reservoir R1 will
become higher than the fluid level in reservoir R2. Both
reservoirs are in communication using two routes; one for
vapor and one for fluid. The two reservoirs will always have
the same gas pressure above the fluid. Both reservoirs com-
municate via a long U-tube filled with fluid, with the heat
exchanger being the lowest part of the U-tube. The system
circulation is based on the fluid gravity balance principle.
Hence, the fluid will seek equilibrium level. The fluid in
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reservoir R1 will flow down through the system until it
reaches the same fluid level as in reservoir R2. Since reservoir
R2 has a very large volume compared to reservoir R1, the
fluid level in reservoir R2 remains at virtually the same level.

The design and diameters of reservoir R1 are chosen wide
enough to accommodate all fluid pushed out by the exit-tube
without overflowing directly to reservoir R2, but small
enough to provide rapid increase of the fluid level. The higher
the level, the bigger the pressure and the higher the flow in the
heat exchanger loop.

Several inches of difference in level between reservoir R1
and reservoir R2 is sufficient to provide adequate flow
through the heat exchanger loop. However, the temperature of
the fluid in the hot fluid down leg of the heat exchanger loop
is much higher then the temperature of the cooled fluid in the
return leg of the heat exchanger loop. The hot fluid has a lower
density and hence a lower weight. The result is that the hot
fluid stands at a different level while at rest. Increasing the
height of reservoir R1 compensates for this. The vertical
distance between the tank and the collector determines the
minimal offset for the height compensation needed for reser-
voir R1. For practical purposes a vertical distance from the
top of the collector to the hot water tank is best limited to three
floor-levels or 30 feet. The minimal height of reservoir R1 is
directly related to the vertical distance of the heat exchanger
loop.

The tube from reservoir R1 to the heat exchanger needs to
be insulated to avoid heat losses, as fluid in this tube is warmer
than ambient. The return tube will be relatively cool, but
efficiency of the system is higher if this return tube is also
insulated.

Normally pressure would build up quickly in the closed
system, which would result in an ever increasing pressure and
increased boiling point. But returned fluid to reservoir R2 is
cooled down as heat is transferred in the heat exchanger to the
storage tank. The temperature of the fluid in reservoir R2 is
relatively low compared to the temperature in the top mani-
fold of the solar collector. The relatively low temperature also
improves collector efficiency.

The hot steam bubbles created in the collector are led into
reservoir R2, where they condense upon contact with the low
temperature fluid and walls of reservoir R2. The overall pres-
sure in the system is controlled by the vapor pressure or the
dew point maintained in reservoir R2. This results in a fairly
constant reduced pressure or vacuum in the system. The
vacuum in the systems is thus maintained, which allows the
fluid to continue to boil at low temperatures. The cool return
fluid will warm up due to the heat from the condensation
process. This essentially will preheat the fluid returning to the
bottom of the collector, which is desirable so this energy is not
lost.

Under operation, the temperature of the return fluid will
slowly rise, as the temperature in the hot water storage tank
slowly rises. This higher temperature will result in a slightly
higher pressure, which results in an increased boiling point.
This makes the system adaptive. Boiling point temperature
and flow rate are related to the tank temperature, which is
desirable. Traditional systems only can switch on or off. After
the system cools down, a low pressure returns, which enables
an early start temperature of the system. No controllers, sen-
sors, electromechanical pumps, drip valves, check valves,
expansion tanks, etc are used in this new system.

The new system starts pumping at low temperatures and
increases pumping while water tank temperature rises. Note
that the heat exchanger will be fed with cool water from the
bottom of the hot water tank until the entire tank is heated up.
If bottom tank temperature is eventually getting relatively
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high, the system adapts and operates at higher temperatures
and still provides fluid warmer than the hot water tank tem-
perature.

An important consideration is to avoid stagnation in the
system. Traditional systems can be damaged if the pump is
switched off and fluid in the collector becomes overheated.
Once glycol in conventional systems exceeds a certain tem-
perature, the chemical composition will break down and
become corrosive, resulting in leaks, and the composition
loses its freeze protection characteristics.

The new system is automatically protected against over-
heating. If the system receives daily sun without hot water
consumption, for instance during a vacation, the storage tank
will eventually reach a high temperature. The new system is
created to deal with this situation. The system reduces circu-
lation due to increased hot water tank temperature and due to
increased pressure. If the system pressure reaches 1 bar, the
boiling point will be 100° C. A standard flat plate collector
will radiate a large percentage of the collected heat at these
temperatures. A flat plate collector becomes less efficient at
higher temperatures. Circulation will continue, albeit increas-
ingly slower. While the boiling temperature is 100° C., the
fluid pumped from the top manifold is always at a slightly
lower temperature. Heat will be exchanged to the tank via the
heat exchanger.

If'the tank reached a maximum temperature, no heat would
be exchanged in the heat exchanger. High temperature fluid
would exit the heat exchanger. Since the ambient temperature
is much lower than the fluid temperature, heat will be dissi-
pated to the air. Once the hot fluid reaches reservoir R2, the
heat will continue to radiate to ambient air. Even if the air
temperature were 40° C., there would still be a significant
delta T to dissipate heat from reservoir R2 to ambient air. In
high temperature locations, reservoir R2 can be equipped
over its full length with fins to increase radiation to ambient
air. The fluid travels relatively slowly through the reservoir
R2, as it has a larger volume. This allows ample time for the
fluid to cool down. The return tube to the collector is the final
stage for fluid to cool down.

The maximum pressure in the system is limited to 1 bar,
and hence the boiling point is 100° C. A valve in the overflow
reservoir R3 will vent overpressure. The steam condenses to
a liquid in the vacuum line to R3 and is further condensed in
the cooler liquid accumulated in R3. This mechanism acts a
pressure and temperature limiting system. This also limits the
maximum temperature provided to the heat exchanger.

The system continues to operate in a temperature limit
mode until the temperature of the fluid returned from the heat
exchanger exceeds a certain temperature—which only occurs
if the tank is fully heated. This steam venting will also purge
any air out of the system—which guarantees a strong vacuum
automatically forms in the system after it cools down. This
mechanism will ensure the system will always create the
desired vacuum needed for optimal operation. The vacuum
will also be automatically created during first use.

The system switches to overheat protection mode by forc-
ing all fluid from the collectors to the overflow reservoir R3.
Once the temperature of the fluid returned from the heat
exchanger gets too warm, the amount of steam produced
under strong insolation will become too much to be vented
through the flow restriction in the steam release line. This
restriction in the temperature limit system causes a slight
overpressure in the system if insolation is strong and without
cooling fluid returning from the heat exchanger. This causes
head pressure in fluid drain line, which then starts to drain
fluid directly to the overflow reservoir. The dimensions of the
tubes and the height ofthe fluid drain line are chosen carefully
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to have the system start draining at the right moment. Within
a short period of time, all fluid will be purged from the
collectors to overflow reservoir R3, and afterward the pres-
sure equalizes. As no fluid is left in the collectors, no circu-
lation is possible, and the system is safely at rest during this
period of excessive isolation with a fully heated hot water
tank. The glycol mixture is stored in reservoir R3, and will not
suffer from chemical breakdown due to high stagnation tem-
peratures. Effectively, the system acts automatically as a
drain down system.

Once the collectors cool down, a vacuum is formed, and all
fluid is drawn back into the collectors. This is possible
because the valve has a float, and the valve stays open until all
fluid is drawn back from reservoir R3. Once all fluid is drawn
back, the float valve will close, and the resulting vacuum and
ambient air pressure will tightly close the valve. The valve
remains closed under normal operation—as the system oper-
ates normally under lower then atmospheric pressure.

Reservoir R3 will only receive fluid—either condensed
steam or purged fluid. Therefore, reservoir R3 can be sealed
off with a flexible watertight cover that can adjust with rising
fluid level in R3. This prevents fluid loss in the system due to
evaporation. The entire system is fully closed.

While the system operates, the heat transfer fluid will heat
up and hence expand in volume. To avoid the need for an
external expansion tank, reservoir R2 is created to act as
expansion reservoir. In a cool condition the reservoir should
be filled Y4. The volume of reservoir R2 is dimensioned such
that it will fill to 24 at hot fluid temperatures. This will avoid
pipes bursting from fluid volume expansion. It is important
that the system is not overfilled in a cool situation. The shape
and position of the fill opening ensures a desired initial fill
level.

The special heat exchanger system matches the remainder
of the new system and provides low cost. The new system
provides excellent temperature stratification in the hot water
storage tank and immediately provides hot, usable water at
about 40° C. or more. Hot water leaving the heat exchanger
flows to the top of the storage tank and remains in the top,
moving downward as more hot water flows into the tank. Hot
water for use is drawn from the top of the tank.

The flow rate in the system automatically is adapted to the
insolation and tank temperature. The flow is relatively slow to
allow maximum heat transfer in the heat exchanger, which
then returns relatively very cool fluid back to the collectors.
This results in a higher operating efficiency of the collec-
tors—as the temperature difference with the ambient tem-
perature is lower.

The heat exchanger transfers almost all heat from the solar
collector to water circulating from the tank, returning to res-
ervoir R2 with cool fluid to maintain a low operating pressure
and hence a low boiling point.

A device is added to initiate and maintain a proper vacuum
in the system—to ensure a low boiling point and an efficient
operating temperature. A one-way valve allows steam vapor
to escape if pressure in the system becomes higher than ambi-
ent pressure (1 bar). During first operation the system will be
atambient pressure and the heat transfer fluid will boil at 100°
C. The fluid in the collector and pump will expand due to heat
up, and the steam vapor in reservoir 2 will displace all the air
in the system and will vent the air through the float valve, in
reservoir R3. Once the pumping action starts, cool fluid flows
from the heat exchanger reservoir and the collector and pump.
This will rapidly reduce the total fluid volume and dew point.
This results in a rapid decrease of pressure which closes the
one-way valve. The lower pressure results in a lower boiling
point, increased flow and a lower of system temperature. The
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system pulls a strong vacuum due to condensation and reduc-
tion of fluid volume. If vacuum reduces over time from the
closed loop system, the system will automatically restore the
vacuum every time the pressure in the system exceeds 1 bar.

To prevent fluid loss from the system, the valve vents to an
expandable reservoir R3. The pressure of the reservoir will
always be 1 bar due to expansion. To avoid liquid build up due
to condensation of steam, a one-way float valve will be posi-
tioned at the lowest part of the reservoir R3. If liquid exists in
reservoir R3, the one-way float valve will float on the fluid and
will not shut before all fluid is drawn back in the system. Once
all fluid is pulled out of the expandable reservoir, the one-way
float valve will close and stay closed, thanks to the strong
vacuum. The expandable reservoir can also act as an overflow
reservoir in extreme hot conditions. The entire system is
however fully closed, so no fluid loss due to evaporation to
ambient air is possible.

These and further and other objects and features of the
invention are apparent in the disclosure, which includes the
above and ongoing written specification, with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically represents the new system with a
standard hot water storage tank with cold water inlet and hot
water outlet. A heat exchanger is schematically shown
wrapped around the hot water tank.

FIG. 2 is a schematic side elevation of an embodiment of
the new system, using a side-arm heat exchanger retrofitted to
the hot water tank.

FIG. 3 is a schematic detail of the new system showing the
standard hot and cold water connections to the hot water
storage tank, the T at the drain, an expandable reservoir and a
pressure equalizing tube connecting the expandable reservoir
to the reservoir R2 and a float valve for returning heat transfer
fluid from the expansion reservoir to reservoir R2.

FIG. 4 is a schematic detail of the system similar to that
shown in FIG. 3 with a third vacuum reservoir R3 added
between reservoir R2 and the automatic vacuum valve and
expandable reservoir.

FIG. 5 is a schematic detail similar to that shown in FIG. 4
with a cold water Y inlet to flush the outer jacket of the side
arm heat exchanger upon refilling the tank with cold water.

FIG. 6 is a schematic representation of the new system with
atemperature limiting overheat protection sub-system, which
transfers vapor through an orifice and transfers heat exchange
fluid from the collector tubes and headers through a return
line and U tube to the overflow reservoir R3. The tank as
shown has an internal heat exchanger coil.

FIG. 7 is a schematic detail of the expansion tank, float
valve and vapor retaining and heat transfer fluid returning
expandable overflow reservoir.

FIGS. 8,9 and 10 are side, top and end views of a one-way
valve with minimal flow restriction.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1 the new automatic water heating sys-
tem 10 has a standard hot water tank 12, a roof mounted flat
panel collector 14, connecting tubing 16 and a heat exchanger
18. As hot water from the tank is used, cold water flows in
through standard inlet 22, flows downward and is released
into a bottom 24 of tank 12 to maintain tank stratification. On
demand, water flows out of the top 28 of hot water tank 12
through standard hot water outlet 26.

Connecting tubing 16 includes a cool liquid rise return tube
32 which returns cooled liquid from heat exchanger 18 and
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partially fills reservoir R2. Cool water flows from reservoir
R2 through tube 34 to the horizontal lower manifold tube 36
in collector 14. The liquid is heated in parallel sloped riser
tubes 37 in collector 14. The heated liquid flows upward to the
hotter upper part of the collector, where steam bubbles 38
form. The steam bubbles force slugs of the heated liquid into
the upper header manifold 39 and up through exit-tube 40 to
reservoir R1. The steam bubbles push the hot liquid between
the steam bubbles up through exit-tube 40. Reservoir R1
releases the hot steam vapor through tube 42 to reservoir R2
for condensing. The hot liquid flows downward in tube 44 to
the upper hot end 46 of the heat exchanger 18.

The hot liquid in this heat exchanger 18 configuration
sequentially heats the water in the hot water storage tank 12 in
counter flow, first heating the water in the top 28 of tank 12
and finally heating the coolest water in the bottom 24 of tank
12 as the downward flowing heat transfer liquid reaches the
bottom of the heat exchanger 18.

Reservoir R2, shown schematically for clarity, runs along
the top of the collectors 14.

Pipe 34 in FIG. 1 is shown on the right side of reservoir R2.
However, testing showed it is better to place this connection
on the left side of reservoir R2. It makes the system more
efficient as the fluid on the left side is hotter due to conden-
sation heat. It also results in a cooler right side of reservoir R2,
resulting in a lower dew point and greater condensing of the
steam, and hence a lower operating vacuum. It also creates a
unit where all connections on reservoir R2 are positioned
together.

The difference in height between the hot liquid in reservoir
R1 and cool liquid in reservoir R2 causes the liquid to flow
through the connecting tubing 16, the heat exchanger 18, the
solar collector 14, the risers 37 and the top manifold 39.

FIG. 2 shows an embodiment of the invention in which
system 50 uses a standard hot water tank 52, a standard flat
panel solar collector 54, connecting tubing 56 and a side-arm
heat exchanger 58 external to the hot water tank 52. Outer
tube 62 of heat exchanger 58 is connected by tube 64 toa'T 66
which connects the pressure and temperature (P&T) relief
valve 68 to the hot water tank. The incoming hot water from
the heat exchanger stratifies to provide hot water from the top
of tank 52 on demand. Heat exchanger 58 is easy to retrofit
between drain port 76 and T 66 at the P&T relief valve 68.

The bottom 74 of tube 62 on hot water storage tank 52 has
anormal drain port 76, which is connected to the bottom 78 of
the outer tube 62 of heat exchanger 58. Hot liquid in the inner
tube 82 flows downward and heats the water inside the outer
shell 62. Due to thermo-siphoning, an upward counter-tlow
results in a circulation through the outer shell 62 and the tank.
The hottest water from the heat exchanger 58 flows into tank
52 which quickly reaches 40° C. in zone 88 and is readily
available on demand for domestic use.

The cooled circulating heat transfer liquid, from which
heat has been removed in the heat exchanger, flows upward in
return tube 92 to reservoir R2. The cool liquid flows down-
ward in a central tube 94 (also show as tube 34 in FIG. 1), by
the flat panel solar collector 54 to the bottom manifold pipe 96
and then upward through internal heating riser pipes 98. As
the liquid reaches boiling temperature, gas bubbles 100 are
formed. The bubbles push liquid slugs 102 into header mani-
fold 104 and upward through exit-tube 106 at substantial
velocities. The hot liquid slugs speed upward through the
exit-tube 106 and around the U-shaped upper end 108 with
centrifugal force. The hot liquid slugs fall into reservoir R1 at
the upper end 110 of down tube 112. The upper reservoir R1
has a liquid level higher than the level in reservoir R2. The
unbalanced mass of liquid causes the flow downward through
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insulated hot liquid tube 112, through the heat exchanger 58
and upward through uninsulated or insulated cooled liquid
return tube 92 to reservoir R2.

Internal vapor pressure is maintained equal in reservoirs
R1 and R2 by vaportube 114, which is internally connected to
the U-shaped upper end 108 of the exit-tube 106. A safety
over-pressure relief valve or plug 116 set for 3 bars is con-
nected to vapor tube 114. Two standard flat panel solar col-
lectors 54 may be connected to reservoirs R1 and R2 by
extending lower and upper manifolds 96 and 104 and reser-
voir R2 across both collectors or by centrally interconnecting
two R1 and R2 reservoirs. Two top manifold headers may be
centrally connected to a single exit tube 106, 108 and pipe
loop 56.

FIG. 3 is a schematic detail of the new system showing the
standard hot and cold water connections to the hot water
storage tank, the T at the drain, and an expansion tank and a
connection tube connecting the expansion tank to the pres-
sure equalizing tube.

In FIG. 3, the domestic hot water outlet port 122 and cold
water inlet port 124 are shown at the top of the hot water
storage tank 52. Hot water is drawn from port 122 on demand
by opening valves throughout a building.

The domestic cold water supply is connected to cold water
inlet port 124, and internal pipe 126 conducts the cold fill
water to the bottom of storage tank 52.

The T 128 at drain port 76 connects a drain valve 132 to the
bottom of storage tank 5 and also supplies cold water from the
tank to the bottom of the retrofit side-arm heat exchanger 58.

The water from the storage tank rises in counter flow
through the heat exchanger 58 by thermal-siphon flow. The
heated water is returned to the top of the storage tank 52
through tube 64 and T 66 connected to the standard T&P relief
valve port 134.

An automatic, normally compressed expansion tank 140
has a float valve 142 in chamber 144, which is connected by
tube 146 to pressure equalization vapor relief tube 114
between the two reservoirs R2 and R1. The expansion cham-
ber compensates for excessive pressure and/or excessive lig-
uid expansion in the new system.

A fill opening in reservoir R2 1¢ %3 of its height needs to be
filled until fluid flows out. That provides the required ¥5™ fill
level.

To allow easy fill and to allow airto escape, it is best to keep
the vacuum line to R3 or vacuum line 146 to the valve 142 and
reservoir 140 disconnected while filling.

Anoption is to have the rubber fill plug act as over-pressure
protection.

The system can be monitored using a pressure meter and
(digital) thermometers at the heat exchanger level. There may
also be a fluid level monitor/alarm.

FIG. 4 is a schematic detail of the system similar to that
shown in FIG. 3, with a third vacuum reservoir R3 added
between reservoir R2 and the automatic vacuum valve 142.

An increased volume for reservoir R2 is provided by res-
ervoir R3. The larger the volume, the better the vacuum is
maintained and the better the flow rate which improves per-
formance.

Making a large reservoir R2 would require a large diameter
copper tube, which should be as long as possible. That would
be bulky, visible and costly, especially with today’s copper
prices. Since the larger volume only contains vacuum, a res-
ervoir R3 under the roof is connected to reservoir R2.

The volume of reservoir R2 can be expanded by the third
reservoir R3, which can be located lower than reservoir R2.
The combined volume of reservoirs R2 and R3 avoids a quick
drop of vacuum during heatup of the system. A lower vacuum
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ensures a low boiling point and hence a high flow rate, which
results in better performance. Reservoir R3 can be connected
via a small tube 148 to reservoir R2. Reservoir R3 will not fill
with fluid, as condensed fluid will be sucked back into the
main system through tube 148. That allows reservoir R3 to be
placed under the roof. This also allows reservoir R2 to be
relatively small, which makes the system more economical
and even less obtrusive. Tube 146 conducts vapor from the top
of reservoir R3 to automatic float valve 142 and automatic
expanding vacuum reservoir 140.

In a side-arm heat exchanger such as 58, the outer water
heating chamber 62 may slowly accumulate calcium carbon-
ate buildup, which reduces flow and heat transfer. The cal-
cium buildup is not caked on. It is just a loose, soft, soapy
material. Most of it is actually transported into the heat
exchanger 58 from sediments in the tank 52.

FIG. 5 is a schematic representation of a solar pumped fluid
hot water heater with a unique cold water connection, which
solves the problem of calcium carbonate buildup in the heat
exchanger.

The structure in FIG. 5 is similar to FIG. 4, except for the
new cold water refill fitting 150 on the tank 52. A cold water
refill is usually a pipe opening near the bottom of the tank.
Instead cold water refill 150 is connected to a new line 154,
which connects the top of the outer chamber 62 in side-arm
heat exchanger 58 to the top of the tank 52. The heat
exchanger 58 operates in its normal counter flow thermal-
siphon direction 152. However, when hot water is drawn from
the tank through hot water outlet 122 cold water refill 150
speeds cold water downward through the new Y-connection
line 154, into and through the outer chamber 60 of heat
exchanger 58. The Y shape of the new connection line 154
directs the refill water mainly through outer chamber 62 to the
bottom of the tank 52 through T 128. That periodic reverse
flow cleans the inside of chamber 62 and prevents scale
buildup.

To automatically clean and flush the side arm heat
exchanger 58 the domestic cold water supply 150 is con-
nected to the top of the outer chamber 62 and to the top of the
side-arm heat exchanger 58. The heat exchanger outer cham-
ber 62 is flushed with fresh, clean, high-flow cold water every
time hot water is withdrawn from the tank 52 for use in the
house. This may have a huge economic impact, especially
since using an external heat exchanger is much cheaper and is
retrofitable to a tank without adding an internal heat
exchanger coil.

FIG. 6 shows a system 160 with hot and cold water piping
to a hot water tank 52, a solar collector 14 and piping 16
connected to an internal heat exchanger 168. Hot heat transfer
fluid from reservoir R1 flows downward in pipe 44 to heat the
upper part of the heat exchanger 168. Cooler fluid returns
through pipe 32 to reservoir R2. Pipe 34 returns the cool heat
transfer fluid through a one-way valve 210 (shown in FIGS.
8-10) in return pipe 34 leading to the lower collector manifold
36. The fluid fills the parallel heating tubes 37 in collector 14.
As the fluid reaches the top, it boils and forms steam bubbles
38 that drive slugs 102 of heat transfer fluid up through the
upper collector manifold 39 and up through the pump or exit
tubes 40. The slugs 102 of fluid fountain against the glass top
182 of'the large reservoir R1. Hot fluid collects at the bottom
183 of reservoir R1 and flows downward in pipe 32. Vapor is
collected in reservoir R1 and is removed to reservoir R2 from
near the top of reservoir R2. Open pipe 184 returns the vapor
to reservoir R2, where the steam and vapor condense in the
cool liquid returning from pipe 44. The glass top 182 shows
the active fountaining of the working system.



US 7,798,140 B2

11

Large top reservoir R1 is used to accommodate a higher
volume of fluid pumped, especially if two collectors are con-
nected. The high level of the fluid in reservoir R1 creates high
pressure in the heat exchanger loop 16 to ensure good flow.
The mechanical construction of this embodiment is easy to
manufacture.

The top 182 of reservoir R1 is made out of glass. Glass has
a good thermal insulation, and it shows the pumping action
clearly. This “fountain-like” action enables quick inspection
of the system.

To use one pump unit exit tube or exit tubes for two col-
lectors, the pump may be placed between the two collectors.
This requires a double exit-tube upper manifold sub-system.
It is difficult to install this between two collectors and results
in a fairly large spacing between the two collectors. A pump
can be mounted easily on one side of two collectors to make
the system work well. The resulting pump unit can be used for
all configurations, single collector and double collector, while
collectors can have various area sizes.

Various fitting methods avoid soldering to connect all com-
ponents, which lowers the barrier for do-it-yourself installers.
Standard 1 inch union fittings can be used on the collectors to
create vacuum-tight connections.

As shown in FIG. 6, the temperature limiting and overheat
protection system 190 is connected to reservoir R2 and to
equalization tube 194. The steam line 194 is connected at the
far end of reservoir R2, so steam will push out all air out of the
system to ensure a strong resulting vacuum. A specific flow
restriction orifice 200 in the steam line 194 allows a drain of
excess system pressure. The T-configuration 198 makes sure
steam is drained prior to heat transfer fluid, as shown in FIG.
6. An over heating makes liquid in R2 rise to a %4 level, and
steam drains through orifice 200 to T 198 and line 202, and
through float valve 204 to reservoir R3. Steam and heat trans-
fer fluid may flow from upper U-tube 206 to line 202. Heat
transfer fluid and steam flow into reservoir R3 through line
202 and float valve 204, as shown in FIG. 7 and expand the
reservoir upon the system overheating. As the system cools,
for example at night or when drawing hot water from the tank,
pressure in the system is lowered. Float valve 204 remains
open while heat transfer fluid is in the tank, resulting in return
of'heat transfer fluid to the system through line 202, tube 206
and orifice 200 to the system.

A one-way valve 210 shown in FIGS. 8, 9 and 10 can be
added at the lower collector manifold. This results in a
slightly higher flow rate in the system, which improves per-
formance. Valve 210 was created and tested for this purpose.
The valve 210 opens virtually without restricting the flow, the
valve closes easily if the flow reverses. The valve is extremely
simple—there are only three parts. The valve can be placed
(and removed/inspected if needed) inside the 1 inch union
coupling at the lower connection to the collector. The parts of
the valve 210 are the biased tube 212, the oval cover 214, its
integral support 216 and hinge pins 218.

The float valve 204 is combined into a low cost overflow
reservoir R3. A simple float valve and a simple plastic bag are
used to seal the fluid and to avoid fluid evaporation from the
system.

Using standard corrugated water pipes allows easy instal-
lation and provides a very good vacuum seal. Standard PEX
fittings can be fitted on one end so no special machining is
needed to create PEX fittings. The added benefit of using the
corrugated tubes is that they avoid need for long pipes on
reservoir R2 and that they can form a tight radius, to avoid
stress on the PEX tubes. This allows PEX tubes to be routed
directly against the underside of the roof. The corrugated
tubes can also be used at the tank side.
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The new system is low in cost, is easy to install and operates
for decades without having to care or concern about it.

The new solar hot water system has no mechanical com-
ponents, no electrical components, no valves, easy installa-
tion, no or minimal plumbing, and no glycol and operates
under extreme conditions.

The new system provides high performance, care free
operation, free from maintenance with no stagnation or over-
heating. The new system has significant lower cost and sig-
nificantly reduces payback time, and has improved aesthetic
appeal.

While the invention has been described with reference to
specific embodiments, modifications and variations of the
invention may be constructed without departing from the
scope of the invention.

I claim:

1. A self pumping solar water heating system comprising:

a solar collector having upwardly sloped or vertical panels

with riser tubes,

a lower collector manifold connected to lower ends of the

riser tubes,

an upper header collector manifold connected to upper

ends of the riser tubes,

exit tubes connected to the upper header for lifting hot heat

transfer fluid,

afirst reservoir connected to the exit tubes for receiving the

hot heat transfer fluid from the exit tubes,

a first pipe connected to the first reservoir,

a heat exchanger connected to the first pipe for receiving

hot transfer fluid from the first reservoir,

a hot water storage tank connected to the heat exchanger,

a second pipe connected to the heat exchanger for returning

the cooled fluid,

a second reservoir positioned below the first reservoir and

connected to the second pipe,

a return tube connected to the second reservoir and to the

lower collector manifold, and

a vapor pipe connected from an upper part of the first

reservoir for releasing vapor from the first reservoir to
condensate in the second reservoir, further comprising a
third reservoir connected to a top of the second reservoir
and a float valve connected to a bottom of the third
reservoir for opening to permit vapor and heat transfer
fluid into the third reservoir and to permit the heat trans-
fer fluid return from the third reservoir to the second
reservoir.

2. The system of claim 1, further comprising heat transfer
fluid in the riser tubes, the lower manifold, the first and second
pipes and the heat exchanger and partially filling the second
reservoir to about V2 to %4 full.

3. The system of claim 1, wherein the third reservoir is
closed and expandable.

4. The system of claim 3, further comprising a heat transfer
fluid flow line connected to the lower manifold and to the third
reservoir, the flow line having an inverted U-shaped tube
extending above the second reservoir for permitting flow of
the heat transfer fluid from the lower manifold to the third
reservoir via the flow line and the inverted U-shaped tube for
flowing heat transfer fluid from the collector to the third
reservoir when pressure increases in the riser tubes.

5. The system of claim 4, further comprising a pressure
restriction orifice connected between the top of the second
reservoir and the flow line for permitting flow of vapor from
the second reservoir to flow to the third reservoir via the
orifice and the flow line.

6. The system of claim 1, further comprising a one-way
valve connected to the return tube and to the lower manifold
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for permitting flow from the return tube to the lower manifold
while blocking flow in opposite directions.

7. A self pumping solar water heating system comprising:

one, two or more solar collectors having vertical or

upwardly sloped risers for heating heat transfer fluid and
forming vapor bubbles in the risers,

a lower manifold connected to lower ends of the risers,

an upper header manifold connected to upper ends of the

risers,

exit tubes connected to the upper header manifold for lift-

ing hot heat transfer fluid,

afirst reservoir connected to the exit tubes for receiving the

hot heat transfer fluid from the exit tubes,

a first pipe connected to the first reservoir,

a heat exchanger connected to the first pipe for receiving

hot transfer fluid from the first reservoir,

a hot water tank connected to the heat exchanger,

asecond pipe connected to the heat exchanger for returning

the cooled fluid,

a second reservoir positioned below the first reservoir and

connected to the second pipe,

a return tube connected to the second reservoir and to the

lower manifold, and

a vapor pipe connected from an upper part of the first

reservoir for flowing hot vapor from the first reservoir to
the second reservoir to condense in the second reservoir,
and

athird closed and expandable reservoir for receiving vapor

from the top of the second reservoir in the third closed
and expandable reservoir and a float valve connected to
a bottom of the third reservoir for opening to permit
vapor and heat transfer fluid into the third reservoir and
to permit heat transfer fluid to return from the third
reservoir to the second reservoir.

8. The system of claim 7, further comprising an inherent
overheat protection system having a flow line connected to
the lower manifold and to the third reservoir and having an
inverted U-shaped tube extending above the second reservoir
for transferring the heat transfer fluid from the risers to the
third reservoir upon heat and pressure buildup in the risers.

9. The system of claim 7, wherein the first and second pipes
are flexible, low cost and easy to install PEX tubes.

10. The system of claim 7, wherein the system is a simple
solar heat self pumping system without electric pumps, con-
trollers, wires or adjusting valves.

11. The system of claim 7, wherein the system is mainte-
nance free with no mechanical components and is self emp-
tying on overheating.

12. A method of heating, comprising:

providing a system with a solar collector with vertical or

upward sloping risers,

connecting upper and lower manifolds to the risers,

providing heat transfer fluid in the lower manifold and in

the risers,

forming bubbles of hot vapor in the risers and driving slugs

of hot heat transfer fluid upward through the risers,
through the upper manifold and through exit tubes to a
first upper reservoir, separating the hot vapor and hot
fluid in the upper reservoir,

flowing the hot heat transfer fluid through a first pipe and a

heat exchanger for heating a second fluid,

returning cooled heat transfer fluid from the heat

exchanger through a second pipe to a second lower res-
ervoir,

receiving the hot vapor from the first reservoir in the second

reservoir and condensing the vapor with the cooled heat
transfer fluid therein, and

flowing the cooled fluid to the lower manifold and continu-

ing the method,
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providing a third reservoir, and

flowing hot vapor from a top of the second reservoir to the

third reservoir upon excess pressure in the system.

13. The method of claim 12, further comprising operating
the system without electricity at an internal pressure less than
atmospheric.

14. The method of claim 12, further comprising providing
overheat protection by flowing hot heat transfer fluid from the
lower manifold through an inverted U-shaped tube to the third
reservoir for overheat protection of the system.

15. The method of claim 12, further comprising providing
flowing the hot vapor through an orifice from a top of the
second reservoir to the third reservoir upon over pressure
within the system.

16. The method of claim 12, further comprising providing
avapor line and an orifice between a top of the second orifice
and providing automatic sub-atmospheric pressure restoring
by flowing vapor and gas from the top of the second reservoir
through the orifice of vapor line and check valve to the third
reservoir.

17. The method of claim 12, wherein the collectors, risers
and manifolds are standard, and further comprising retrofit-
ting a geyser pump to the standard collectors by connecting
the exit tubes, the first upper reservoir, and connecting the
second lower reservoir and the third reservoir.

18. The method of claim 12 further comprising flowing
vapor from the system into the third reservoir via a one-way
float valve upon higher than atmospheric pressure in the sys-
tem to automatically prevent over-pressure in the system,
flowing condensed heat transfer fluid back into the system
from the third reservoir via the float valve, when the system
cools and pressure is reduced below atmospheric.

19. The method of claim 12, further comprising automati-
cally flowing all of the heat transfer fluid from the collectors
and manifolds into the third reservoir upon increased pressure
in the system, and returning the heat transfer fluid to the
collectors and manifolds from the third reservoir via the float
valve when pressure in the system falls to sub-atmospheric.

20. A method of heating, comprising:

providing a system with a solar collector with vertical or

upward sloping risers,

connecting upper and lower manifolds to the risers,

providing heat transfer fluid in the lower manifold and in

the risers,

forming bubbles of hot vapor in the risers and driving slugs

of hot heat transfer fluid upward through the risers,
through the upper manifold and through exit tubes to a
first upper reservoir, separating the hot vapor and hot
fluid in the upper reservoir,

flowing the hot heat transfer fluid through a first pipe and a

heat exchanger for heating a second fluid,

returning cooled heat transfer fluid from the heat

exchanger through a second pipe to a second lower res-
ervoir,

receiving the hot vapor from the first reservoir in the second

reservoir and condensing the vapor with the cooled heat
transfer fluid therein, and

flowing the cooled fluid to the lower manifold and continu-

ing the method, further comprising providing an adap-
tive system in which flow and temperature adjust auto-
matically by increasing pressure in the system, flowing
fluid and hot vapor from the second reservoir through a
float valve to a third expandable reservoir, and returning
the heat transfer fluid from the third reservoir to the
system when the system pressure falls.



