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PRESSURE TRANSFER FLUID HEATER 

Matterenelosedlnheavybrackets [] appearsintlre 
orlginalpatentbutforrnsnopartofthisreissuespeei?ea 
tiomnratterprintedin italics indicates theadditlorrs nrade 
byreissue. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

A standard domestic water heater for home or small 
commercial use consists ofa pressure tank containing 
water at line pressure (20 to 100 psi) and a heating de 
vice. Thehea?ngdevicecanbeanelectricelementgas 
or oil burner or heat exchanger transferring heat from 
another source. 
The pressure tank provides sufficient storage of 

heated water to satisfy peak demands. The heating de 
vice will not transfer heat fast enough to satisfy most 
demand rates but given suf?cient time will bring the 
water in the tank back to the desired temperature! 
The vast majority of pressure tanks are made of steel 

and protected from corrosion by a glass or cement lin 
ing. The corrosion protection is not complete and the 
life of a typical tank is about 10 years. The tank must 
withstand the line pressure safety and steel is the lowest 
cost way of getting the required structure. 
Tanks can be made much less expensively if they 

contain water at ambient (atmospheric) pressure. The 
present invention allows the line pressure to be trans 
ferred from the entering cold water stream to the leav 
ing hot water stream without imposing this pressure on 
the walls of the tank. The pressure is contained in 2 
small vessels with a combined volume that may be 
much less than one percent the volume of the tank. 
'I'hesevesselsareconstructedsothatonecanbe?lled 
with the heated water while the other discharges its 
contents to the hot water line and vice versa. They are 
cyclically operated by the pressurized entering ?uid 
stream. 
By this mechanism the line pressure can be contained 

in a small device utilizing minimum materials while the 
heated volume of water is contained in a low cost tank 
at ambient pressure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a modi?ed sectional view of the complete 
system excluding elements not necessary for discussion. 
FIG. 2 shows the system modi?ed for solar heating. 
The system consists of the pressure transfer mecha 

nism (PTNDI, and storage vessel 2. The PTM is a ?uid 
driven pump. Tank 2 contains a fluid 3 at temperature 
T1 

Fluid 4 at temperature T2 and pressure P enters valve 
chamber 5 via pipe 6, valve 7 is positioned such that 
?uid 4 enters chamber 8 at nominal pressure P driving 
piston 9 to the left and driving the fluid in chamber 10 
past check valve 11 into pipe 12 to pipe 13. Piston 14 
connected to piston 9 by rod 15, also moves left driving 
the ?uid in chamber 16 past valve 17 and into the bot 
tom of tank 2 via pipe 18. Piston 14 also draws ?uid 
from tank 2 into chamber 19 via check valve 20. 
The ?uid in chamber 12 is at nominally ambient pres 

sure due to the open connection to tank 2. The ?uid in 
chamber 19 is also at nominally ambient pressure due to 
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2 
the open connection to tank 2 and is at a temperature 
T1. The fluid in chamber 8 is at temperature T2. 
As piston 14 moves to the left it engages spring 21 and 

in turn lever 22. Lever 22 forces valve 7 to the left and 
with it lever 23. Lever 23 is held in position by magnet 
24 and is released from the magnet by valve 7. As soon 
as it is released spring 21 exerts full force on valve 7 
overcoming the ?uid pressure against it and drives it 
across chamber 5 to the opposite seat. Upon partial 
movement of valve 7 lever 22 engages valve 17 and also 
moves it to its opposite seat. 
Movement of valves 7 and 17 by the action of piston 

14 causes ?uid in at pressure P and temperature T2 to 
enter chamber 16 and allows the ?uid in chamber 8 to 
exit via valve 17 and pipe 18 to tank 2 at ambient pres 
sure. The higher pressure P in chamber 16 now drives 
piston 14 to the right and with it rod 15 and piston 9. 
The ?uid in chamber 19 at temperature T1 is now taken 
almost to pressure P and forced through now open 
check valve 25 to pipe 26 and to pipe 13. The high 
pressure ?uid at temperature T1 in pipe 13 is prevented 
from entering chamber 10 by valve 11 which is now 
closed. Valve 27 is now open allowing ?uid 3 to enter 
chamber 10 at temperature T1 and ambient pressure. 

Piston 9 now moves to the right until it engages 
spring 28 causing the valves to shift back to the position 
shown and again reversing the direction of piston 9, rod 
15 and piston 14. 
By the above action chambers 10 and 19 are alter 

nately ?lled with ?uid 3 at temperature T1 and ambient 
pressure and ?uid 3 is then elevated to nominal pressure 
P before entering pipe 13. Simultaniously ?uid 4 at 
temperature T2 and pressure P is released at nominally 
T2 and ambient pressure into tank 2 via pipe 18. This 
allows nominally the same effect as if ?uid 4 entered a 
tank at pressure P and temperature T1 driving ?uid at 
T1 and pressure P into an exit pipe. 
The advantage of this invention is that the pressure 

transfer system 1 can be made at lower cost than a 
pressure tank of over a given size. The cost advantage 
increases dramatically as the storage tank size increases. 
The action of PTM 1 is not perfect and certain inef? 

ciences such as ?uid bypassing valves 7 and 17 during 
switching will occur. PTM 1 is designed to nominally 
pump more ?uid from tank 2 than it receives from pipe 
6. This is achieved by the slightly smaller displacement 
of chamber 8 and 19 due to the presence of rod 15. The 
diameter of rod 15 can be tailored to make up expensed 
?uid bypass and some additional difference be certain 
than tank 2 will not become too full, any deficiency is 
made up for by ?oat valve 29 which keeps tank 2 at the 
desired level. 
The slight difference in displacement of the driving 

chambers 8 and 19 versus the driven chambers 10 and 
19 and frictional losses will cause the pressure in pipe 13 
to be slightly less than in pipe 6. In practice this differ~ 
ence can be held to about 3 percent. Valve 7 is opened 
slightly before valve 17 and lever 22 or 23 is used to 
reduce the force on spring 21 or 28 that is necessary to 
activate switching. This helps increase efficiency and 
reduce output pressure variation by minimizing the 
activating force required on piston 14 or 9. 
FIG. 2 shows PTM 1 and tank 2 with a solar pump 30 

and solar collector 31. The use of an ambient pressure 
storage tank allows the implementation of a simple 
drainback solar system of high efficiency. The system is 
known as a drain back system because the ?uid in the 
collectors, usually water, drains back to a holding tank 



Re. 33,222 
3 

when the system is not in operation. This prevents heat 
loss and possible freezing. 

Solar pump 30 operated by motor 32 draws water 
from the lower part of tank 2 via pipe 33 and delivers it 
to collector 31 via pipe 34. When collector 31 is ?lled 
thewater?owsbacktotank2viapipe35. Vent36is 
placed in pipe 35 to allow air to enter for drainback 
when pump 30 is not operating. 

In many cases it would be desirable to combine the 
solar storage with the back up storage. This is 800011} 
plished by allowing the bottom section of tank 2 to be 
heated by the solar collector and only the top section to 
be heated by the electric element 37 or by other means. 
A barrier 38 may be used to prevent undesirable mixing 
ofthe water from the top section with the water in the 
bottom section. 

Drainback systems in conjunction with pressure 
tanks usually utilize a separate ambient pressure storage 
vessl to hold the ?uid utilized in the solar loop. Heat is 
transferredfromthesolarheated ?uidtothepotable 
water via a heat exchanger. The heat exchanger being 
less than 100% effective raises the operating tempera 
ture of the solar collectors for a given temperature of 
potable water thus lowering the ef?ciency of solar col 
lection. 
The heat exchanger,separate tank and associated 

hardware signi?cantly increase the cost and complexity 
of the system. Thus the system of this invention is signif 
icantly more efficient, simpler and lower in cost. 
What is claimed to be new is: 
[1. For providing a non-pressurized reservoir in a 

pressurized-?uid line, the combination comprising: 
A. a vessel for containing ?uid; and 
B. a ?uid-driven pump including a control inlet, a 

control outlet, a pump inlet, and a pump outlet, the 
pump being operable by ?ow of liquid into the 
control inlet, through the pump, and out the con 
trol outlet to draw liquid in the pump inlet, through 
the pump and out the pump outlet, the control 
outlet and the pump inlet being disposed in commu 
nication with the interior of the vessel so that ?uid 
that has ?owed from the control inlet through the 
pump and out the control outlet is discharged into 
the vessel and that ?uid thus contained in the vessel 
is drawn by the pump from the vessel into the 
pump inlet, through the pump, and out through the 
pump outlet, whereby pressure is effectively trans 
mitted from the ?uid at the control inlet to the ?uid 
at the pump outlet without imposing the pressure 
on the ?uid in the vesseL] 

[2. The combination of claim 1 where the ?uid 
driven pump is a double acting reciprocating device] 

[3. A combination as de?ned in claim 1 wherein the 
pump comprises: 

A. ?rst and second cylinders; 
B. a piston sealingly and slidably disposed in each 

cylinder to divide the cylinder into variable 
volume pumping and control cavities, the pistons 
being rigidly connected to each other so that as one 
piston slides to increase the volume of the pumping 
cavity of the cylinder in which it is disposed, the 
other piston slides to decrease the volume of the 
pumping cavity of the cylinder in which it is dis 
po . 

C. an inlet check valve in each cylinder providing 
one-way communication from the vessel to the 
interior of the pump cavity therein, the inlet valves 
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4 
in the ?rst and second cylinders together providing 
the pump inlet; 

D. an outlet check valve in each cylinder providing 
one-way communication from the interior of the 
pump cavity therein to the exterior thereof to pro 
vide the pump outlet 

E. a control inlet valve means, operable alternately to 
assume ?rst and second states, for directing ?uid 
from the control inlet to the control cavity of the 
?rst cylinder when the control inlet valve means is 
in its ?rst state and to the control cavity of the 
second cylinder when the control inlet valve means 
is in its second state; 

F. a control outlet valve means, operable alternately 
to assume ?rst and second states, for admitting 
?uid into the vessel from the control cavity of the 
second cylinder when the control outlet valve 
means is in its ?rst state and from the control cavity 
of the ?rst cylinder when the control outlet valve 
means is in its second state; and 

G. means for operating the control inlet and outlet 
valve means to their respective ?rst states when the 
pistons have reached a predetermined ?rst positio 
n,in which the pumping cavity of the ?rst cylinder 
has reached a ?rst, relatively high predetermined 
volume and the pumping cavity of the second cyl 
inder has reached a relatively low volume and for 
operating the control inlet and outlet valves to 
their respective second states when the pistons 
have reached a predetermined second position, in 
which the pumping cavity of the ?rst cylinder has 
reached a second, relatively low predetermined 
volume and the pumping cavity of the second cyl 
inder has reached a relatively high volume] 

4. A combination as de?ned in claim [3] 13 wherein: 
A. The control outlet valve means comprises a pop 

pet valve in the control cavity of each of said ?rst 
and second cylinders, the poppet valve in the con 
trol cavity of the ?rst cylinder being held closed by 
?uid pressure to prevent ?uid from ?owing from 
the control cavity of the ?rst cylinder when the 
control outlet value means is in its ?rst state and 
being open to admit ?uid from the control cavity of 
the ?rst cylinder into the vessel when the control 
outlet valve means is in its second state, the poppet 
valve in the control cavity of the second cylinder 
being open to admit ?uid from the control cavity of 
the second cylinder into the vessel when the con 
trol outlet valve means is in its ?rst state and being 
held closed by ?uid pressure to prevent ?uid from 
?owing from the control cavity of the second cyl 
inder into the vessel when the control outlet valve 
means is in its second state; and 

. the means for operating the control inlet and outlet 
valve means includes a spring acting between each 
piston and one of the poppet valves and storing 
enough energy to change the state of its associated 
valve completely once the valve poppet has begun 
its state change. 

5. A combination as de?ned in claim 4 further includ 
ing a magnet so positioned with respect to each poppet 
valve as to tend to retain the valve in its closed position 
so that the spring stores more energy before moving the 
poppet valve than it would in the absence of the mag 
net. 

6. A combination as de?ned in claim [3] 13 wherein 
the means for operating the control inlet and outlet 
valve means changes the state of one of the control inlet 
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and outlet valve means before it changes the state of the 
other and thereby the total force required to 
change the state of the control inlet and outlet valve 
means. 

7. A combination as de?ned in claim [3] 13 wherein: 
A. the vessel is adapted to contain a liquid; and 
B. the combination further includes a ?oat valve for 

admitting liquid from the control inlet directly into 
the vessel without ?owing through the pump when 
the liquid level in the vessel is [higher] lower than 
a predetermined maximum level but for preventing 
liquid from ?owing directly to the vessel without 
?owing through the pump when the level in 
the vessel is [below] above the predetermined 
maximum level. 

8. A combination as de?ned in claim [3] 13 further 
including means for heating the ?uid in the vessel. 

9. A combination as de?ned in claim [1] 13 wherein 
the vessel is unpressurized so that substantially the en 
tire pressure di?'erence across the vessel walls is that 
caused by the weight of the ?uid contained in the ves 
sel. 

10. A combination as de?ned in claim 9 further in 
cluding means for heating the ?uid in the vessel. 

[11. A combination as de?ned in claim 1 further 
including means for heating the ?uid in the vessel.] 

12. The device of claim [3] 13 where the useful 
displacement of the pumping cavities is larger than the 
useful displacement of the control cavities. 

13. For providing a non-pressurized reservoir in a pressu 
rized-?uid line. the combination comprising: 

A. 5 vessel for containing ?uid; and 
B. a ?uid-driven pump including a control inlet, a con 

trol outlet. 0 pump inlet. and a pump outlet, the pump 
being operable by flow of liquid into the control inlet, 
through the pump, and out the control outlet to draw 
liquid in the pump inlet, through the pump and out 
the pump outlet, the control outlet and the pump inlet 
being disposed in communication with the interior of 
the vessel so that ?uid that has ?owed from the control 
inlet through the pump and out the control outlet is 
discharged into the vessel and that ?uid thus con 
tained in the vessel is drawn by the pump from the 
vessel into the pump inlet. through the pump, and out 
through the pump outlet, whereby pressure is ejffec 
tively transmitted from the ?uid at the control inlet to 
the ?uid at the pump outlet without imposing the 
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6 
pressure on the ?uid in the vessel, the pump compris 
mg: 
i. ?rst and second cylinders; 

a piston sealingly and slidably disposed in each 
cylinder to divide the cylinder into variable 
volume pumping and control cavities, the pistons 
being connected to each other so that as one piston 
slides to increase the volume of the pumping cavity 
of the cylinder in which it is disposed, the other 
piston slides to decrease the volume of the pumping 
cavity of the cylinder in which it is disposed,‘ 
an inlet valve in each cylinder providing one 
way communication from the vessel to the interior 
of the pump cavity therein, the inlet valves in the 
?rst and second cylinders together providing the 
pump inlet: 

iv. an outlet valve in each cylinder providing one 
way communication from the interior of the pump 
cavity therein to the exterior thereof to provide the 
pump outlet: 

v. control inlet valve means, operable alternately to 
assume ?rst and second states, for directing ?uid 
from the control inlet to the control cavity of the 
?rst cylinder when the control inlet valve means 
is in its ?rst state and to the control cavity of the 
second cylinder when the control inlet valve 
means is in its second state; 

vi. control outlet valve means, operable alternately 
to assume ?rst and second states, for admitting 
fluid into the vessel from the control cavity of 
the second cylinder when the control outlet 
valve means is in its ?rst state and from the con 
trol cavity of the first cylinder when the control 
outlet valve means is in its second state; and 
means for operating the control inlet and outlet 

valve means to their respective first states when 
the pistons have reached a predetermined first 
position, in which the pumping cavity of the first 
cylinder has reached a ?rst, relatively high pre 
determined volume and the pumping cavity of 
the second cylinder has reached a relatively low 
volume and for operating the control inlet and 
outlet valves to their respective second states 
when the pistons have reached a predetermined 
second position, in which the pumping cavity of 
the ?rst cylinder has reached a second, relatively 
low predetermined volume and the pumping 
cavity of the second cylinder has reached a rela 
tively high volume. 
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