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ABSTRACT

A method of circulating fluid to adjust a temperature of a material comprises providing a
pressurized fluid source operative to adjust the temperature of a fluid and to push the
fluid out through .a supply port at a supply temperature and draw fluid in ihrough a return
port at a return temperature. A conduit 1s arranged in proximity to the material and the
fluid is circulated through the conduit in alternating forward and reverse directions. An
apparatus is provided for pertodically reversing the direction of fluid flow through the

conduit.
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REVERSING CIRCULATION FOR HEATING AND COOLING CONDUITS

This invention is in the field of heating and cooling equipment, particularly such

equipment comprising fluid circulating in conduits.
BACKGROUND

It is well known to circulate a fluid from a pressurized fluid source, such as hot water for

example, through a conduit arranged on or under a surface in order to heat the surface.

" Building heating systems are known where the conduit is arranged in loops such that the

conduit passes back and forth at a spacing of a few inches, and hot water 1s circulated
through the conduit.. In a typical application the conduit can be embedded in a concrete
floor, or arranged inside a radiant heating panel. Several radiant heating panels are
sometimes connected in series such that the fluid circulates a considerable distance before

returning to the boiler.

Such systems in a portable configuration are also used in construction projects, for

éxmnplc' when thawing frozen ground and curing concrete. Where winter temperatures

fall below freezing, ground must often be thawed prior to construction to facilitate

excavation. Concrete must also be kept at temperatures above freezing in order to cure

propetly.
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For portable applications such as ground thawing and curing concrete, flexible hoses are

typically laid out in a back and forth pattern on the surface, with a spacing of 12 — 24",

'When curing concrete it is also known to embed the hoses in the concrete to increase

efficiency by better retaining and distributing the heat in the concrete. These hoses then
remain in the finished concrete and are sacrificed, or in some cases are used to heat the
finished building by circulating hot water through them. Such a system 1s described for

example in United States Patent Number 5,567,085 to Bruckelmyer.

In typical use, the hose will be from 300 to 1500 feet in length, depending on the ambient
temperature, the size of the area to be thawed, the capacity of the boiler, and like
considerations. Typnically the hoses and the surface being heated will be covered with
insulated membranes to retain the heat on the surface. The rafe of heating will vary but

as an example, ground may typically be thawed at a rate of about one foot of depth per

day.

In a typical ground thawing application, fluid at a temperature of 170° - 190°F is pumped
from a boiler into the inlet end of the hose, through the looped hose and from the outlet
end of the hose back to the boiler. Radiant heat from the fluid passing through the hose is
transferred to me surrounding ground or concrete surface. As the fluid flows through the
hose, the transfer of heat to the surrounding grounds resﬁlts na p:mgressive reduction in

the temperature of the fluid at any particular point along the path of flow, such that the
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fluid exiting the outlet end of the hose will be at a much reduced temperature as low as

80°F.

Since heat transfer is dictated by the difference in temperature between the fluid in the
hose and the surrounding ground, the area near where the hot fluid enters the inlet end of
the hose at about 180°F receives more heat than the area near where the cooled fluid exits
the outlet end of the hose at 80°F and returns to the boiler. The end result is that a
surface near the inlet end of the hose receives more heat than a surface near the supply

end of the hose, and a temperature gradient is induced across the area covered by the

hose.

Mainiaining the temperature of concrete at a satisfactory level during curing presents
increased challenges compared to thawing ground. The American Society for Concrete
Contractors recommends that the temperature of the concrete be maintained between 50
and 70°F. As concrete initially contains a significant amount of moisture, it is subject to
freezing, which inhibits the initial setting process. In addition, even once the initial
setting process has occurred, concrete must be ﬁmhér cured in order that the concrete
will achieve its intended strength. Ambient temperature need not even be below freezing

in order to comprise the curing process

In areas that experience high ambient temperatures, the concrete may dry too quickly. As

happens with concrete that freezes before curing, concrete that is too warm dries too



10

15

20

CA 02479720 2004-08-26

quickly and so suffers from reduced strength and is subject to cracking. In hot climates,
ice 1s sometimes mixed with the concrete 1o reduce the temperature. Also it is known to

circulate carbon dioxide gas through conduits similar to the fluid loops described above

in order to cool the concrete.

Proper curing of concrete can affect the final strength by several-fold, and so significant
attention is paid t0 maintaining a desirable temperature and level of hydration of the
freshly poured concrete in order that the curing process will be the most effective, and the
finished concrete product will display the highest degree of strength. It is thus

recommended that fluid line temperatures in a fluid loop system be kept at between 70

and 80°F while curing concrete.

Since the optimum temperature range for curing concrete is quite narrow compared to a
ground thawing application, the difference in the inlet and outlet temperatures of fluid in
hoses for curing concrete should be kept to a minimum, Temperature gradients within a
slab of concrete result in different curing rates that lead to the creation of physical stress

points within the concrete which can manifest as cracks and reduce the overall strength

and quality of the concrete

Decreasing the time the fluid is in the hoses or conduits can result in a reduced
temperature gradient. To reduce this time the pressurized fluid source is typically

cocnnected to supply and return manifolds, and then a plurality of shorter hoses are




10

15

20

CA 02479720 2004-08-26

connected to the manifolds in order to reduce the length of the hoses and thus reduce the
temperature drop in the hoses. Also the inlet end of one hose, carrying warmer fluid, can
be arranged beside the outlet end of another hose in an attempt to even out the heat
transfer. The hoses however must be long encugh to reach the farthest end the surface
being heated in order to avoid the need for multiple boilers arranged around the surface.
Thus instead of a single temperature gradient across the surface, a number of the
temperature gradients are crcated across the surface, and the temperature gradient

typically remains significant.

Such manifolds are used as well in permanent applications where a number of radiant
heating panels or floor heating sections are each connected to the manifolds such that the

length of the circulation path and the resulting temperature drop in the circulating fluid is

reduced.

In a portable application, the hoses may also be re-arranged during the process in order to
place the hottest portion of the hoses near material that to that point had been near the
cooler portion of the hoses and was h'cating more slowly. This solution requires
considerable effort and expense in placing and re-placing the hoses in various patierns
required as the operation proceeds, and becomes more problematic when thousands of

feet of tubing have to be arranged, a situation common in larger construction projects.
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Thus in typical ground thawing applications, where the aim is simply to thaw the ground
to the required depth, the apparatus is often simply operated until the entire area of
interest is thawed to the desired extent. The result is that by the time the area near the
outlet is thawed to the required depth, the arca near the inlet is typically thawed to depth

much greater than is required. Considerable energy and operational time is therefore

wasted.

The longer any particular pocket of fluid is exposed to the surface being heated, the more
the temperature of that pocket of fluid will drop. Moving the fluid through the hoses.
faster means that any particular pocket is exposed for a reduced time, resulting is less
temperature drop. The fluid pressure can be increased in order to decrease the time it
takes to flow through the hose, however higher pressures require more costly pumps and
hoses that are adapted to handle the increased pressure. Such hoses are also not as
flexible as lower pressure hoses, and are more difficult to handle and arrange in portable

applications. Leaks in a high pressure system could also pose a safety risk.

Similarly increasing the diameter of the hoses means more fluid is exposed to the surface,
with the result that less heat is taken out of any individual pocket of fluid, and a reduced
temperature gradient can be achieved. Large hoses also allow the fluid to flow faster as
with increased pressure. Again such larger hose is more costly than a similar length of

smaller diameter hose, as well as being more difficult to transport and handle.
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SUMMARY OF THE INVENTION:

It is an object of the present invention to provide a circulating fluid conduit system for

heating and cooling that overcomes problems in the prior art.

The invention provides, in one embodiment, a flow reversing apparatus for a circulating
fluid system coﬁlprising a pressurized fluid source operative to circulate fluid through a
conduit such that a supply fluid moves from a supply port of the fluid source into a first
end of the conduit, through the conduit, and from a second end of the conduit to a return
port of the fluid supply. The apparatus comprises a flow contrel adapted for operative
connection to the supply and return ports of the fluid source, and to the first and second
ends of the conduit. The flow control is operative, in a forward mode, to direct fluid from
the supply port of the fluid sourée into the first end of the conduit and from the second
end of the conduit to the return port of the fluid source, and is operative, in a reverse
mode, to direct fluid from the supply port of the fluid source into the second end of the
conduit and from the first end of the conduit to the return port of the fluid source. A

mode selector 1s operative to switch the flow control between forward mode and reverse

mode.

In a second embodiment the invention provides a circulating fluid apparatus for adjusting

a temperature of a material. The apparatus comprises a pressurized fluid source operative



10

15

20

CA 02479720 2004-08-26

to adjust a temperature of a fluid and operative to push the fluid out through a supply port
at a supply temperature and operative to draw fluid in through a return port at a return
temperature. A flow control is operatively connected to the supply port and the return
port of the fluld source. A conduit has a first end operatively connected to the flow
control and a second end operatively connected to thc flow control and is adapted to be
arranged 1n proximity to the métcrial. The flow control is operative, in a forward mode,
to direct tluid from the supply port of the fluid source into the first end of the conduit and
from the second end of the conduit td the return port of the fluid source such that fluid
circulates through the conduit in a forward direction, and the flow control is Op@erative', in
a reverse mode, to direct fluid from the supply port of the fluid source into the second end
of the conduit and from the first end of the conduit to the return port of the fluid source
such that fluid circulates through the conduit in a reverse direction. A mode selector is

operative to switch the flow control between forward mode and reverse mode.

In a third embodiment the invention provides a method of circuating fluid to adjust a
temperature of a material. The method comprises providing a pressurized fluid source
operative to adjust a temperature of a fluid and operative to push the fluid out through a

supply port at a supply temperature and operative to draw fluid in through a return port at

a return temperature; arranging a conduit in proximity to the material; circulating the

fluid from the supply port through the conduit in a forward direction to the return port,

and then after an interval of time circulating the fluid from the supply port through the
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conduit in an opposite reverse direction to the return port; and periodically changing the

direction of fluid flow through the conduit between forward and reverse directions.

Thus the invention provides a method and apparatus for periodically reversing the
5  direction of fluid flow through a conduit that is arranged for heat transfer from or to a

material. The material located near each end of the conduit thus is exposed to both the

supply and return temperatures equally.

DESCRIPTION OF THE DRAWINGS:

10
While the invention is claimed in the concluding portions hereof, preferred embodiments
are provided in the accompanying detailed description which may be best understood in
conjunction with the accompanying diagrams where like parts in each of the several
diagrams are [abelled with like nurmabers, and where:

15

Fig. 1 1s a schematic top view of a flow reversing temperature adjusting circulating

fluid apparatus of the invention;

Fig. 2 is a schematic top view of a flow control for reversing the direction of fluid

20 flow shown in a position where fluid flows in a forward direction:
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Fig. 3 is a schematic top view of the flow control of Fig. 2 shown in a position where

fluid flows in a reverse direction:.

Fig. 4 is a schematic top view of a flow reversing temperature adjusting circulating
fluid apparatus of the invention wherein a plurality of conduits are connected to

manifolds.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS:

Fig. 1 schematically illustrates a circulating fluid apparatus 1 for adjusting the

temperature of a material 2. Typical applications would be circulating hot fluid through

conduits in a heating panel or floor heating system for heating a building, or through

conduits laid in loops on frozen ground for the purpose of thawing the ground for
excavation or like purposes. Such systems are also used in curing concrete to maintain
the temperature at a suitable temperature when ambient temperatures are either too low or

too high by circulating hot or cold fluid, as the case may require.

The apparatus 1 comprises a pressurized fluid source 4 that is operative to adjust a
temperature of a fluid and is operative to push the fluid out through a supply port 6 at a
supply temperature and draw the fluid back in through a return port 8 at a retum

temperature.
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In a typical heating application, the pressurized fluid source 4 will comprise a boiler or
the like, and a circulating pump. A conduit 10 is arranged in proxiinity to the material 2
such that the temperature of the material will be raised by the warm fluid flowing through
the conduit 10. The material could be a radiant heating panel, a floor, frozen ground,

concrete, or the like.

' COnventionally, the fluid will flow from the supply port 6 at a supply temperature intc a

conduit 10 at a first end 10A thereof and flow through the conduit to the opposite second
end 10B of the conduit 10 and into the return port 8 at a return temperature. As the fluid
flows along the conduit 10, heat 1s transferred from the fluid to the matenial 2 with result

that a temperature gradient i1s formed along the length of the conduit 10 where the
temperature decreases from the first end 10A, where the fluid enters the conduit from the

supply port 6 at the supply temperature, to the second end 10B, where the fluid exits the

conduit to the return port 8 at a lower return temperature.

The amount of heat that is transferred to the material 2 is directly related to the
temperature difference between the fluid and the material 2. The greater the temperature
difference the greater the heat transfer. Thus the area 2A near the first end 10A of the

conduit 10 receives more heat than the area 2B near the second end 10B of the conduit.

The difference between the supply temperature and the return temperature can be

significant, In a typical ground thawing operation where the material 2 is a ground
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surface for example, the supply temperature could be about 180 °F and the return
temperature about 80 °F such that the ground. The ground located at 2A near the first end

10A of the conduit will thus recerve much more heat than that at 2B near the second end

~ 10B of the conduit. A temperature gradient will be set up in the material 2 that roughly

corresponds to the temperature gradient in the conduit 10, and the ground located at

location 2A will thaw much faster than that at location 2B,

Similarly in a concrete curing application in cold weather, the supply temp might be 80
°F and the return temp 40 °F. Again a temperature gradient will be set up in the concrete

which can adversely affect the strength of the concrete.

Similar temperature gradients form in the material 2 where the material is being cooled

by a cold circulating fluid.

To reduce the temperature gradient, the present invention provides a ﬂow control 20
operatively connected to the supply port 6 and the return port 8 of the fluid source 4, and
operatively connected to first and second ends 10A, 10B of the conduit 10. The flow
control 20 is operative, in a forward mode, to direct fluid from the supply port 6 of the
fluid source 4 into the first end 10A of the conduit 10 and from the second end 10B of the
conduit 10 to the return port 8 of the fiuid source 4, such that the fluid circulates through

the conduit 10 in a forward direction indicated by the arrow F.




10

135

20

CA 02479720 2004-08-26

14

When the flow control is switched to a reverse mode, it directs fluid from the supply port
6 into the second end 10B of the conduit and directs fluid from the first end 10A of the
conduit 10 to the return port 8 of the fluid source 4 such that fluid circulates through the

conduit 10 in a reverse direction indicated by the arrow R.

A mode selector 22 is operative to switch the flow control 20 between forward mode and

reverse mode. The mode selector could be operated manually, however conveniently the
mode selector 22 comprises a timer and switches between forward and reverse modes at a
timed interval such that the time the fluid flows in the forward direction F is the same as
the time the fluid ﬂows in the reverse direction R. Alternatively, or in addition,
temperature sensors 24- can be provided and configured such that the' mode selector 22
switches between forward and reverse modes in response to a temperature change. For
example in some applications it might be desired to measure the supply and return
temperatures and switch modes in response to chénges in the difference between the

supply and return temp erature.s.

Thus the flow control 20 periodically reverses the direction of fluid flow through the
conduit such that the area 2A and the area 2B receive substantially the same amount of

heat from the fluid in the conduit 10 thus reducing the temperature gradient in the

material 2.
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Fig. 2 shows an embodiment of the flow control 20. A supply valve 30 has first and
second output ports 32A, 32B operatively connected to respective first and second ends
10A, 10B of the conduit and an input port 34 operatively connected to the supply port 6.
The first and second output ports 32A, 32B can be opened or closed by valve stop 36
5 such that fluid entering the input port 34 moves through the supply valve 30 and out

whichever output port 32A, 32B is open to either the first end 10A or the second end 10B

of the conduit.

A return valve 40 has fust and second input ports 42A, 42B operatively connected to
16 respective first and second ends 10A, 10B of the conduit, and an output port 44
opcratively connected to the return port 8. The first and second input ports 42A, 42B can
be opened or closed by valve stop 46 such that fluid entering whichever input port 42A,
42B is open, from either the first end 10A or the second end 10B of the conduit, moves
through the supply valve 40 and out the input port 44 to the return port 8.
15
The mode selector 22 is operative to selectively open and close the output ports 324, 32B

on the supply valve 30 and the input ports 42A, 42B on the return valve 40.

As illustrated in Fig. 2, when the flow control 20 is in the forward mode, the first output
20  port 32A of the supply valve 30 is open and the second output port 32B thereof is closed,

and the second mnput port 42B of the return valve 40 is open, and the first input port 42A
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thereof is closed. Thus fluid flows from the first end 1' OA of the conduit to the second

end 10B in the forward direction F.

As illustrated in Fig. 3, when the flow control 20 is in the reverse mode, the first output
port 32A of the supply valve 30 is closed and the second output port 32B thereof is open,
and the second input port 42B of the return valve is closed, and the first input port 42A
thereof is open. Thus fluid flows from the supply valve 30 through a first crossover tube
S0A to the second end 10B of the conduit and through to the first end 10A in the reverse
direction R, then through a second crossover tube 50B to the return valve 40 and the

return port 8 of the pressurized fluid source.

The mode selector 22 thus opens one port and substantially simultaneously closes the
other port on each of the supply and return valves 30, 40 to reverse the direction of fluid
flow. Motorized valves and controls for accomplishing this function are well known in

the art.

Fig. 4 illustrates a typical application that uses a plurality of shorter conduits 10
connected to first and second manifolds 60A, 60B that are operatively connected to the
flow control 20. Again each conduit has a first end 10A operatively connected to the first
mantfold 60A, and a second end 10B operatively connected to the secbnd manifold 60B
such that the first and second ends 10, 10B of each conduit 10 are operatively connected

to the flow control 20 thr(jugh the respective first and second manifolds 60A, 60B. The
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flow control 20 reverses the direction of fluid flow in the sarne manner as described

above,

Thus the invention provides a method of circulating fluid to adjust a temperature of a
material 2 comprising providing a pressurized fluid source 4 operative to adjust a
temperature of a fluid and operative to push the fluid out through a supply port 6 at a
supply temperature and operative to draw fluid in through a return port 8 at a return
temperature. A conduit 10 is arranged in proximity to the material 2, and fluid is
circulated from the supply port 8 through the conduit 10 in a forward direction F to the

return port 8, and then after an interval of time the fluid is circulated from the supply port

- 8 through the conduit 10 in a reverse direction R to the refurn port 8. The direction of

fluid flow through the conduit 10 is then periodically changed between forward and

reverse directions.

The above illustrates one embodiment of a flow control 20 that can be connected between
a conventional pressurized fluid source 4 and a conventional conduit, or manifolds
connected to conduits, to provide the required periodic reverse flow to reduce the
temperature gradient in the material that is being heated or cooled by the circulating fluid.
Those skilled in the art will recognize that other arrangements of valves and controls

could readily be adapted for the purpose as well.
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The foregoing .is thus considered as illustrative only of the principles of the invention.
Further, since numerous changes and modifications will readily occur to those skilled in
the art, 1t 1s not desired to limit the invention to the exact construction and operation
shown and described, and accordingly, all such suitable changes or modifications in

structure or operation which may be resorted to are intended to fall within the scope of

the claimed invention.
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CLAIMS:
What is claimed is:

1. A flow reversing apparatus for a circulating fluid system comprising a pressurized
fluid source operative to circulate fluid through a conduit such that a supply fluid

moves from a supply port of the fluid source into a first end of the conduit, through

the conduit, and from a second end of the conduit to a return port of the fluid supply,

the apparatus comprising:

a flow control adapted for operative connection to the supply and return ports of the

fluid source, and to the first and second ends of the conduit:

wherein the flow control is operative, in a forward mode, to direct fluid from the
supply port of the fluid source into the first end of the conduit and from the second
end of the conduit to the return port of the fiuid source, and is operative, in a reverse
mode, fo direct fluid from the supply port of the fluid source into the second end of
the conduit and from the first end of the conduit to the return port of the fluid source;

and

a mode selector operative to switch the flow control between forward mode and

reverse mode.
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2. The apparatus of Claim 1 wherein the flow control comprises:

a supply valve adapted for operative connection to the first and second ends of the

conduit and adapted for operative connection to the supply port; and

a return valve adapted for operative connection to the first and second ends of the

conduit and adapted for operative connection to the return port;

wherein the supply valve is operative to direct fluid from the supply port into the first
end of the conduit when the flow control is in the forward mode, and is operative to
direct fluid from the supply port into the second end of the conduit when the flow

control is in the reverse mode; and
wherein the return valve is operative to direct fluid from the second end of the

conduit into the return port when the flow control is in the forward mode, and is

operative to direct fluid from the first end of the conduit into the return port when the
flow control is in the reverse mode.

3. The apparatus of Claim 2 wherein:

the Supply valve comprises:
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an input port adapted for operative connection to the supply port of the fluid

SOUrce,

first and second output ports adapted for operative connection respectively to the

first and second ends of the conduit;

wherein the first and second output ports can be opened or closed such that fhuid

entering the input port moves through the supply valve and out an open output

port; and
the return valve comprises:

an output port adapted for operative connection to the return port of the fluid

SOUICC,

first and second input ports adapted for operative connection respectively to the

first and second ends of the conduit;

wherein the first and second input ports can be opened or closed such that flmd
entering an open input port moves through the return valve and out the output

port.
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4. The apparatus of Claim 3 wherein the mode selector is operative to selectively open

and close the output ports on the supply valve and the input ports on the return valve.

5. The apparatus of Claim 4 wherein:

when the flow control is in the forward mode, the first output port of the supply valve
is open and the second output port thereof is closed, and the second input port of the

return valve is open, and the first input port thereof is closed;

‘when the flow control is in the reverse mode, the first output port of the supply valve
is closed and the second output port thereof is open, and the second input port of the

return valve is closed, and the first input port thereof is open.

6. The apparatus of any one of Claims 1 - § further comprising a timer and wherein the

mode selector switches between forward and reverse modes at a timed interval.

7. The apparatus of any one of Claims 1 - 5 further comprising at least one temperature

sensor and wherein the mode selector switches between forward and reverse modes in

response {0 a temperature change.
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8. The apparatus of Claim 7 comprising first and second temperature sensors operative

to sense respective first and second temperatures and wherein the mode selector
switches between forward and reverse modes in response to changes in a difference

between the first and second temperatures.

9. A circulating fluid apparatus for adjusting a temperature of a material, the apparatus

COmprising:

a pressurized fluid source operative to adjust a temperature of a fluid and operative to
push the fluid out through a supply port at a supply temperature and operative to draw

fluid in through a return port at a return temperature;

a flow control operatively connected to the supply port and the return port of the fluid

SOUICC,

a conduit having a first end operatively connected to the flow control and a second
end operatively connected to the flow control and adapted to be arranged in proximity

to the materal;

wherein the flow control is operative, in a forward mode, to direct fluid from the

supply port of the fluid source into the first end of the conduit and from the second
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end of the conduit to the retum port of the fluid source such that fluid circulates

through the conduit in a forward direction;

wherein the flow control is dperative, In a reverse mode, to direct flmd from the
supply port of the fluid source into the second end of the conduit and from the first
end of the conduit to the return port of the fluid source such that fluid circulates

through the conduit in a reverse direction; and

a mode selector operative to switch the flow control between forward mode and

reverse mode.

10. The apparatus of Claim 9 wherein the flow control comprises:

a supply valve operatively connected to the first and second ends of the conduit and

operatively connected to the supply port; and

a return valve operatively connected to the first and second ends of the conduit and

operatively connected to the return pott;

wherein the supply valve is operative to direct fluid from the supply port into the first

end of the conduit when the flow control s in the forward mode, and is operative to
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direct fluid from the supply port into the second end of the conduit when the flow

control is in the reverse mode: and

wherein the return valve is operative to direct fluid from the second end of the
conduit into the return port when the flow contrel is in the forward mode, and is

operative to direct fluid from the first end of the conduit into the return port when the

flow control is in the reverse mode.
The apparatus of Claim 10 wherein:
the supply valve comprises:
an input port operatively connected to the supply port of the fluid source;

first and second output ports operatively connected respectively to the first and

second ends of the conduit;
wherein the first and second output ports can be opened or closed such that fluid
entering the input port moves through the supply valve and out an open output

port; and

the return valve comprises:

w—— 1
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an output port operatively connected to the return port of the fluid source;

first and second input ports operatively connected respectively to the first and

second ends of the conduit;

wherein the first and second input ports can be opened or closed such that fluid

entering an open input port moves through the retumn valve and out the output

port.

12. The apparatus of Claim 11 wherein the mode selector is operative to selectively open

and close the output ports on the supply valve and the input ports on the return valve.

13. The apparatus of Claim 12 wherein:

when the flow control is in the forward mode, the first output port of the supply valve
is open and the second output port thereof is closed, and the second input port of the

return valve is open, and the first input port thereof is closed;

when the flow control is in the reverse mode, the first output port of the supply valve
is closed and the second output port thereof is open, and the second input port of the

return valve is closed, and the first input port thereof is open.
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14. The apparatus of any one of Claims 9 - 13 further comprising a timer and wherein the

mode selector switches between forward and reverse modes at a timed interval.

15. The apparatus of any one of Claims 9 - 13 further comprising at lcast one temperature

sensor and wherein the mode selector switches between forward and reverse modes m

response to a temperature change.

16. The apparatus of Claim 15 comprising first and second temperature sensors operative

to sense respective first and second temperatures and wherein the mode selector
switches between forward and reverse modes in response to changes in a difference

between the first and second temperatures.
17. The apparatus of any one of Claims 9 - 16 further comprising:
first and second manifolds operatively connected to the flow control;
a plurality of conduits each having a first end operatively connected to the first

manifold and a second end operatively connected to the second manifold such that the

first and second ends of each conduit are operatively connected to the flow control

through the respective first and second manifolds.
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18. A method of circulating fluid to adjust a temperature of a material, the method

comprising:

providing a pressurized fluid source operative to adjust a temperature of a fluid and
operative to push the fluid out through a supply port at a supply temperature and

opcrative to draw fluid in through a return port at a return temperature;
arranging a conduit in proximity to the material;

circulating the fluid from the supply port through the conduit in a forward direction to
the return port, and then after an interval of time circulating the fluid from the supply

port through the conduit in an opposite reverse direction to the return port; and

periodically changing the direction of fluid flow through the conduit between forward

and reverse directions.

19. The method of Claim 18 wheremn a first end of the conduit is operatively connected to
the supply port and a second end of the conduit is operatively connected to the return
port to circulate the fluid through the conduit in the forward direction, and wherein
the first end of the conduit is operatively connected to the return port and the second
end of the conduit is operatively connected to the supply port to circulate the fluid

through the conduit in the reverse direction.
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20. The method of Claim 19 comprising operatively connecting a flow control to the

supply port and the return port of the fluid source wherein: '

the flow control is Operative, in a forward mode, to direct fluid from the supply port
of the fluid source into the first end of the conduit and from the second end of the
conduit to the return port of the fluid source such that fluid circulates through the

conduit in the forward direction;

wherein the flow control is operative, in a reverse mode, to direct fluid from the
supply port of the fluid source into the second end of the conduit and from the first
end of the conduit to the return 'port of the fluid source such that fluid circulates

through the conduit in the reverse direction; and

periodically switching the flow control between forward and reverse modes.
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