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57 ABSTRACT 
A heat transfer system in which circulation of a liquid 
through a heat exchanger is achieved by having risers 
filled with fluid consisting of a liquid which partly va 
porizes on heating and rises to a condensing region 
where a heat exchanger, positioned in close proximity 
to the upper ends of the risers, condenses the vapor 
portion of the fluid. A downcomer returns the con 
densed liquid to the lower ends of the risers so that 
continuous circulation of the fluid through the heat 
exchanger occurs automatically when heat is supplied 
to the risers. 

10 Claims, 3 Drawing Figures 
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HEAT TRANSFER STRUCTURE 

This is a division of application Ser. No. 177,024 filed 
Sept. 1, 1971. 

RELATED CASES 

Raytheon case 28,067, Ser. No. 10,334, U.S. Pat. No. 
3,704,748 entitled Heat Transfer Structure, inventor 
William H. Hapgood, filed Feb. 11, 1970, and assigned 
to the same assignee as this invention, is hereby incor 
porated in and made a part of this disclosure. 

BACKGROUND OF THE INVENTION 

High performance boilers or hot water heaters hav 
ing, for example, heat exchange rates of fifty thousand 
to several million BTU's per square foot of water sur 
face require that the fluid, to which the heat is being 
added, move by the surface of the heat exchanger at 
substantial speeds so that bubbles do not form at the 
heat exchanger surface which inhibit the transfer of 
heat, create hot spots, and possibly damage the heat ex 
changer. Bubble forming is controlled to some extent 
by pressure on the fluid, but the required movement of 
the liquid has, as illustrated in the aforementioned co 
pending patent application, used a circulating pump to 
obtain the necessary rate of fluid movement. 
Circulation through a boiler has been produced by 

allowing steam to vaporize from the boiler and be con 
densed in an external radiator so that the liquid pro 
duces a head due to the elevation of the radiator above 
the boiler which forces the condensate back into the 
boiler. It is necessary, however, in high performance 
boilers to direct each pound of liquid through the heat 
exchanger several times to produce a pound of steam. 
It is also known that steaming drums may be con 
structed with risers and downcomers for industrial boil 
ers of substantial size in which the water being boiled 
rises into the steaming drum and is to some extent con 
verted to steam, with the liquid portion being returned 
through the downcomer to the boiler. However, total 
liquid circulation in such a system is inadequate for 
compact high performance boilers. 

SUMMARY OF THE INVENTION 
In accordance with this invention, the liquid circula 

tion rate through the compact boiler is automatically 
maintained at a sufficiently high rate to absorb all of 
the heat being added to the liquid by the heat ex 
changer. In addition, the circulation rate varies auto 
matically as a function of the heat added. 
More specifically, this invention provides for risers 

comprising a plurality of substantially vertical tube sec 
tions, the lower portions of which are part of a heat ex 
changer through which heat is added to a liquid fed to 
the bottoms of the risers. 
Heat is not added to the upper portions of the risers, 

but a heat absorbing region, such as a condenser, is po 
sitioned directly above the open upper ends of the ris 
ers. The liquid in the risers will partially vaporize when 
heated, thereby producing gas bubbles in the upper 
portions of the risers. The bubbles expand as they rise 
since the hydraulic pressure of the fluid reduces as the 
fluid moves up the riser, thereby supplying energy to 
the fluid in the form of a velocity increase. Also, since 
the fluid in the riser weighs substantially less than the 
total weight of the fluid in a downcomer supplying liq 
uid to the bottoms of the risers, the fluid circulates 
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2 
through the risers upwardly to a condenser, and the 
condensed liquid is returned to the bottom of the risers 
in liquid form through the downcomer. 

In accordance with this invention, the region around 
the upper portions of the risers may constitute a water 
reservoir to which the condensate from the condenser, 
positioned above the risers, is returned. The conden 
sate mixes with the portions of the water overflowing 
from the tops of the risers such that the water in the 
downcomers is at a uniform temperature. The circula 
tion of the water through the risers absorbs heat from 
the heat exchanger at a rate dependent on the flow of 
heat through the heat exchanger, and as the rate of heat 
transfer is increased, the rate at which water circulates 
through the risers increases since as the amount of gas 
increases in the upper portions of the risers, static head 
differential between the risers and the down-comer in 
creases. In addition, due to steam generation in the ris 
ers, the velocity of the steam-water mixture at the tops 
of the risers may exceed 20 feet/second, and this aids 
in heat transfer to the condenser. 
This invention further discloses that the system may 

have the liquid in the risers sealed in a closed system. 
As a result, the condenser may be positioned substan 
tially directly over the risers, that is, in the highest por 
tion of the boiler, and corrosion of the condenser is 
eliminated since in vented systems, when the boiler 
cools down, air or other corrosive atmospheres will 
enter the vent and accumulate in the upper, or non liq 
uid filled, regions of the system and, upon reheating, 
subject the exposed portions of the boiler and/or con 
denser to corrosion. 
This invention further discloses a control system in 

which the burner supplying fuel to the boiler is con 
trolled by steam pressure in the steam dome containing 
the condenser. The boiler is thus always maintained at 
a temperature above that at which substantial conden 
sate would form in the burner portions of the boiler, 
thereby reducing corrosion on the flue gas side of the 
heat exchanger. 
This invention further discloses that such a system 

may be used as a hot water heater and, due to the heat 
reservoir of the heat stored in the boiler and in the 
water reservoir surrounding the risers above the boiler, 
cycle time is increased. For example, if only a small 
amount of water is drawn through a water heating coil 
which acts as the condenser above the boiler, the 
burner will not start since there is sufficient heat in the 
reservoir to supply this heat. On the other hand, if the 
amount of hot water required becomes substantial, en 
ergy can be supplied by means of the burner at as high 
a rate as the hot water is used. In addition, since the 
water emerging from the condenser is at or about boil 
ing, this invention discloses that it may be reduced by 
a supplementary heat exchanger in which incoming 
cold water extracts a predetermined amount of heat 
from the exit water, and the amount that is extracted 
may be adjusted by a crossover valve to adjust the tem 
perature of the exit water. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a longitudinal sectional view of a 
burner-boiler-condenser system embodying the inven 
tion taken along line 1-1 of FIG. 3. 
FIG. 2 illustrates a transverse sectional view of the 

system illustrated in FIG. 1 taken along line 2-2 of 
F.G. 1. 
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FIG. 3 illustrates a transverse sectional view of the 
condenser and risers taken along line 3-3 of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIGS. 1, 2 and 3, there is shown a 
boiler particularly useful as a domestic or commercial 
hot water heater. The boiler comprises a heat exchange 
matrix 10 comprising a plurality of tube sections 11 10 
which may be, for example, one-half inch or so in diam 
eter and may be, for example, made of copper plated 
steel. As illustrated herein, the tube sections 11 are 5 
inches or so long and are spaced in a cylindrical locus. 
While any number of tubes may be used, the particular 15 
embodiment disclosed herein has 24 tubes, with the 
spacing between adjacent tubes being somewhat less 
than the diameter of the tubes. 
The spaces between the tubes 11 are filled with bo 

dies 12 which, as illustrated herein, are spheres which 20 
have a diameter less than the radius of the tubes. While 
a substantial range of sphere diameters will provide 
useful results, the radius, and number of layers, of the 
spheres 12 is preferably such that the average length of 
the passageways through the spheres from the interior 25 
of the cylinder defined by the matrix 10 to the outside 
thereof is less than twenty times the average radius of 
curvature of the bodies 12, and there is more than one 
layer of bodies 12. 
The spheres 12, which may be, for example, copper 30 

plated steel, are bonded together and to tubes 11 by 
positioning the spheres and the tubes in a jig and heat 
ing the assembly to brazing temperature in an oven. In 
order that the passageways through the spheres are not 
blocked, the thickness of the copper coating or a braz 
ing compound should be such that the fillets produced 
during brazing have a surface area on the surface of the 
spheres which are essentially disc-shaped regions 
whose radius is in the range of one-fourth to one-tenth 
the diameter of the spheres. It should be clearly under 
stood that the size of the spheres may be made larger 
and the total area of the contact regions between 
spheres may be increased while still maintaining ade 
quate passage size. On the other hand, if the spheres 
are made too small, insufficient contact between adja 
cent spheres occurs if the copper coating of the spheres 
is made thin enough to maintain any substantial pas 
sageways and as a result, heat transfer by conduction 
between spheres becomes insufficient. 
While it is to be clearly understood that other designs 

for producing high performance heat exchangers may 
be used, the ball matrix heat exchanger disclosed 
herein provides a commercially feasible thermally sta 
ble structure which can be subjected to combustion 
temperature gases. 
A lower tube sheet 13 and an upper tube sheet 14 are 

brazed to matrix 10 such that the tubes 11 extend 
through apertures in the header plates and are sealed 
thereto. As illustrated herein, the matrix 10 surrounds 60 
an inner plenum which is six to eight inches in diameter 
and five inches or so in height. 
Positioned in the plenum is a burner 15 which com 

prises a screen having apertures therein. A fuel-air mix 
ture is supplied to the plenum through the apertures in 65 
the screen 15 from a tapered extension 17 which is 
supplied by means of a blower (not shown) with said 
fuel-air mixture. Ignition of the fuel-air mixture in the 
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4 
plenum is achieved by means of ignition plug 16. Such 
a system is disclosed in greater detail in the aforemen 
tioned copending application. It should be understood 
that any conventional burner system could be used, 
such as a conventional oil burner or a gas burner. 
Attached to the lower side of lower tube sheet 13 is 

a toroidal plenum 18 which may be provided internally 
with suitable baffling to evenly distribute water or other 
liquid to be heated to the lower ends of the tubes 11. 
Connected to the upper side of upper tube sheet 14 is 
a steam dome 19 which serves the dual purpose of en 
closing a water-steam heat exchange coil 20 and acting 
as a reservoir for liquid 21 to be heated. A recirculating 
pipe 22, referred to as a downcomer, is connected from 
the region of dome 19 below the surface of liquid 21 to 
plenum 18. Pipe 22 is substantially larger in diameter 
than the tubes 11, being for example one and one-half 
inches in diameter. Its total cross-sectional area, how 
ever, should preferably be sufficient to present no sub 
stantial impedance to the flow of the liquid and, as 
shown herein, is substantially less than the total cross 
sectional area of all of the tubes 11, said total cross 
sectional area of the tubes being, for example, some 
what more than four square inches, whereas the total 
cross-sectional area of connector 22 is around two 
square inches. This is because the pipe 22 is completely 
full of liquid at all times during operation, whereas the 
tubes 11, which form the portions of risers through 
which the water rises upon being heated, are at least 
partially filled with steam. 
The outer rims of tube sheets 13 and 14 are closed 

by a cylindrical stack member 23 which has an outlet 
stack 24 connected to one side thereof. 
Dome 19, which as illustrated herein is approxi 

mately twice the height of the matrix 10, has the lower 
portion thereof preferably filled with a reserve supply 
of water or other fluid, such as ethylene glycol or other 
antifreeze. In order to stiffen tube sheet 14, stiffening 
ribs 25 may, if desired, be welded to the upper side of 
tube sheet 14. 
Extending upwardly from the ends of tubes 11 which 

project through upper tube sheet 14 are riser extension 
tubes 26. As illustrated herein, pipes 26 may be, for ex 
ample, equal to, or shown herein, slightly bigger in di 
ameter than tubes 11 so that they closely fit over the 
ends of tubes 11, the assembly of a tube 11 and tube 26 
being referred to herein as a riser. The surface of liquid 
21 is preferably maintained at or about the upper ends 
of the tubes 26. 
During operation, the fuel-air mixture produces flue 

gas products by combustion in the central plenum of 
the matrix 10, and such products are directed radially 
outwardly through matrix 10 to an outer plenum 
formed by the cylinder 23 and thence via flue 24 to a 
chimney (not shown). Heat from the flue gas is trans 
ferred via matrix 10 to the fluid in the tubes 11. The 
fluid will rise since it is less dense than the cooler liquid 
in the downcomer pipe 22, and the water will overflow 
the ends of the tubes 26. 
Even if the liquid level 21 is so far below the tops of 

the pipes 26 that the differential of the weight of the 
hot water in the tubes 26 and the cold water in tubes 
22 will not produce a height differential sufficient for 
the water to overflow the ends of the tubes 26, the 
heating will continue until vapor bubbles are formed 
within the tubes 11, whereupon the bubbles in the 
vapor rise and expand, carrying portions of the liquid 
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with them thereby producing a "gas lift' pumping 
mode of operation which can exert a force on the fluid 
substantially greater than a pressure head equal to the 
length of tubes 26. Thus, it may be seen that by prop 
erly designing the length of the tubes 26, a continuous 
circulation of fluid through the tubes 11 may be main 
tained and that the rate of the circulation will vary au 
tomatically with the amount of heat being transferred 
by the burner 15 to the matrix 10. 
Positioned in dome 19 above the ends of pipes 26 is 

a double helical coil which may comprise, for example, 
an inner coil 30 and an outer coil 31 positioned with 
the axes of the coils coaxial with the axis of the matrix 
10. The coils may be, for example, seven turns of half 
inch tubing formed, for example, of copper. As illus 
trated herein, one end of the tubing coil 31 extends 
through the upper end 32 of the dome 19, as indicated 
at 33, and is sealed therethrough, for example by braz 
ing. End 33 may be, for example, a cold water inlet pipe 
for use in a water system to be described presently. One 
end of the inner tubing coil 30 extends outwardly 
through dome top 32 as at 34 and is sealed to dome top 
32 to provide a hot water outlet. As illustrated herein, 
cold water enters the upper end 33 of outer coil 31 and 
spirals down to the lower end of the coil where it 
crosses as at 35 to the inner coil 30 and spirals up inner 
coil 30 to connect to the outlet end 34. The space be 
tween the inner and outer coils is approximately the di 
ameter of the riser tube extensions 26 whose upper 
ends are positioned closely adjacent and between coils 
30 and 31. When the matrix 10 heats the tubes 11, a 
steam-water mixture rises through the tubes 26 and 
sprays up between the coils 30 and 31. Sufficient heat 
transfer is achieved by reason of condensation of the 
steam on the tubing coils 30 and 31 to transfer all of the 
heat, being supplied by the burner 15 to the matrix 10, 
into the water in heat exchanger 20. Because the heat 
exchange action is the result of the condensation pro 
cess on the walls of the tubing 20, very high heat trans 
fer coefficients result, and hence no fin structure is re 
quired to produce the same total heat exchange in this 
region as was required to exchange heat from the flue 
gas to the liquid in the matrix 10. 
A safety valve 44 is provided which is normally set to 

open at fifteen pounds pressure, but may, if desired, be 
set to open at a higher or a lower pressure. 

If desired, steam may be extracted from the boiler for 
other uses by means of a pipe 36 connected to the 
upper end of the dome 32. However, as shown here, 
pipe 36 is closed by a plate 37 bolted to pipe 36 by bolts 
38. 

in order to provide for control of the burner, a pres 
sure sensing switch 45 is connected to dome header 32 
to provide a plurality of wires 46, which control a blow 
er-fuel valve assembly 60 which may be of any desired 
type. The pressure sensing switch is of the type which 
opens when the pressure reaches a predetermined level 
and for purposes of this invention may be set to operate 
at a pressure of, for example, 5 pounds. 
As illustrated herein, the water heater operates as a 

closed system; the air in the system having been, for ex 
ample, initially removed by momentarily releasing the 
safety valve. Since the system is a closed system, that 
is, the only fluid flowing through the matrix tubes 11 
and risers 26 and impinging on the heat exchange coil 
20 is the liquid or the vapor of the liquid, this fluid may 
be selected to be noncorrosive. 
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6 
More specifically, the liquid may be distilled water or 

it may be a mixture of water and ethylene glycol or eth 
ylene glycol with a corrosion inhibitor added. Since the 
temperature of the heat exchanger tubes 11 does not 
exceed the thermal decomposition temperature of the 
corrosion inhibitor, the corrosion inhibitor will remain 
intact so that no corrosion occurs within the system. In 
addition, the water in tubing 20 is maintained below its 
boiling point and, hence, will not have vapor formed 
therein. More specifically, since the pressure in a nor 
mal water system of, for example, 50 to 100 pounds per 
square inch, will exist inside the tubing 20 and the 
steam on the outside of the tubing 20 will be less than 
15 pounds, the temperature within the tubing 20 will 
never be high enough for the water to turn to steam. 
The water heater of this invention will heat the water 

in the heat exchanger coil 20 to a temperature limited 
by the temperature of the steam in the steam dome. 
The rate at which the water is heated will be substan 
tially greater than the rate at which water could be 
heated by immersing the heat exchanger 20 in the 
water beneath the coil since the pumping action pro 
duced by the riser tubes will spray steam and a steam 
water mixture from the ends of the tubes at a velocity 
on the order of twenty feet per second. 

It is contemplated that liquids other than water can 
be used in this system to be heated by the matrix 10 and 
that due to the particularly uniform heat distribution 
afforded by the structure described in this invention, 
fluids, such as organics, which might be damaged by 
localized hotspots can be used with this heat exchanger 
without risk of damage or deterioration. 
The water heated by the heat exchanger 20 will be 

too hot at its output for most applications, particularly 
if the flow rate is relatively low. However, for installa 
tions such as a home water heater, the piping from the 
water heater to the faucet where the water is to be used 
will introduce thermal losses, and the length of the pip 
ing, as well as the ambient temperature and insulating 
conditions of the pipe, will affect the temperature. 
Since this water heater will supply the substantially uni 
form temperature of water from the output of the 
heater, it is possible to compensate for losses in the pip 
ing and rates of flow of water through the heat ex 
changer to maintain a more uniform temperature of 
water at the faucet. This is different from a conven 
tional water heater having a tank in which, as the water 
is used and replaced in the tank by colder water, the av 
erage temperature of the water at the faucet decreases. 

In order to compensate for changes in temperature 
with varying hot water use, a liquid to liquid heat ex 
changer 39 is provided external to the dome 19 and 
through which the cold inlet water and the heated out 
let water pass. Some of the heat from the outlet water 
passes through the heat exchanger 39 to the inlet water, 
the amount of heat being exchanged being dependent 
upon the flow of water through the heat exchanger. If, 
for example, it is desired that the hot water heater add 
100 to the water such that the outlet water is at 170, 
whereas the cold water inlet is at 70, approximately 
100 BTU's per pound of water must be added. Thus, 
if 25 pounds per minute of water is to be used, or, for 
example, 3 or 4 gallons per minute for washing or other 
such purposes, the unit needs to supply a total of 2,500 
BTU's per minute to the heat exchanger 20 or approxi 
mately 150,000 BTU's per hour. If no water is being 



7 
drawn and there were no losses in the connecting tub 
ing, an external heat exchanger would cause the tem 
perature of the inlet water to rise so that it exactly 
equaled the outlet water. Thus, if the outlet water were 
210 and the inlet water were 70, the water supplied 
to the outlet of the external heat exchanger would be 
140. However, as soon as the hot water faucet, indi 
cated at 43, is opened to extract hot water, flow 
through the external heat exchanger 39 begins. Under 
these conditions, the water outlet from the heat ex 
changer 20 would drop, for example, by a few degrees 
due to the temperature drop across the heat exchanger 
to, for example, 200. The heat transferred by the heat 
exchanger for relatively low flows can be designed to 
be relatively small and results in the 200 water from 
the boiler being reduced to, for example, 170 at the 
faucet 43. The inlet water to the boiler, on the other 
hand, would be increased to 100 so that by adding 100 
BTU's per pound in the heat exchanger 20, the outlet 
water becomes the 200 F. water referred to above. 
Heat exchanger 39 is shown as a pair of concentric 

pipes, the inner pipe 40 being connected from the out 
let of the heat exchanger 20 to the faucet 43 and being, 
for example, half inch copper tubing. The outer con 
centric pipe 41 is connected between a source of cold 
water and the inlet end of tubing 20. The ends of the 
outer pipe 41 are sealed to the outside of the tube 40, 
thereby forming the concentric heat exchanger. The 
length of the heat exchanger comprising elements 40 
and 41 is determined by the amount of heat to be trans 
ferred therethrough for a given flow of water. 

It has been found that the coefficient of heat transfer 
of such a heat exchanger is less for lower flows of water 
than for higher flows of water, and advantage is taken 
of this feature to compensate for any temperature 
changes which occur due to varying flows at the faucet 
43. Thus, as the flow through the heat exchanger in 
creases, the coefficient of heat transfer increases so 
that the total heat transferred increases as a non-linear 
function of the velocity of the water through the heat 
exchanger. In addition, heat lost by radiation from the 
pipe connected between the water heater and the fau 
cet is generally proportional to the temperature of the 
pipe and substantially independent of the total heat en 
ergy transferred along the pipe by the hot water and, 
therefore, the percentage of heat in the water which is 
lost by radiation from the pipe becomes less as the flow 
rate increases. This invention discloses that the temper 
ature of the water in the faucet may be maintained 
more closely within a predetermined range of tempera 
tures over a wide range of flow rates by using the exter 
nal heat exchanger 39 to compensate for the faucet 
water temperature with increased flow rate which 
would occur in the absence of the heat exchanger 19. 
This results from the fact that as the flow rate is in 
creased so that a lower percentage of heat is lost from 
the pipe by radiation, a higher percentage of heat is 
transferred back to the inlet water to the water heater 
so that the water heater, which adds heat only up to 
substantially a predetermined limit of between 200 
and 210, reduces the BTU's per pound of heat which 
it adds to the water so that the water temperature at the 
outlet of the external heat exchanger 39 is also re 
duced, thereby slightly reducing the heat lost by radia 
tion but resulting in substantially the same temperature 
at the faucet as would occur at a lower flow rate. The 
water temperature at faucet 43 may be adjusted by a 
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valve 61 in a bypass pipe 62 connected between the 
input and outlet of heat exchanger 39. 

It is contemplated that the combination of three heat 
exchangers as disclosed herein, one for transferring 
heat from flue gas to boiler water, a second for transfer 
ring heat from a steam-water mixture to water, and a 
third for compensating for flow rates, can be used for 
many systems other than the heating of water, such as, 
for example, the heating of cooking oil to a uniform 
temperature which can be adjusted, the heating of in 
dustrial processing liquids, or the heating of water to 
maintain a constant temperature heat slightly below the 
boiling point of water to an additional gas-water heat 
exchanger to maintain a constant gas temperature use 
of the heat exchanger. 

In accordance with this invention, the matrix 10 may 
operate at rates of heat transfer per unit area which are 
far in excess of such rates in commercial boilers, and 
the rate of circulation of fluid through the risers will au 
tomatically increase as a function of the heat transfer 
rate to prevent overheating of the matrix. The down 
comer pipe 22 is of sufficient size that it presents no 
substantial resistance to the flow of the fluid. The rate 
at which fluid flows through the tubes 11 is a function 
of the elevation head supplied by the level of liquid 21 
in the reservoir above matrix 10. As more heat is sup 
plied to the matrix 10 by the flue gas, a greater portion 
of the liquid in the tubes 11 is converted to steam and 
rises in the tube extensions to thereby create a greater 
head differential, thereby increasing the flow of liquid 
down pipe 22 to the bottoms of tubes 11. 

In addition, since the matrix 10 is a plurality of 
spheres, heat transfer by conduction through the ma 
trix longitudinally along the tubes 11 dissipates any lo 
calized hot spots and insures that no portions of the ma 
trix become sufficiently overheated to be damaged, for 
example by melting of the bonds. 

In accordance with this invention, it is contemplated 
that such a structure for preventing damage to such a 
heat exchanger may be used in heat exchange systems 
for generating steam for supply to additional heat ex 
changers such as the water heating coil illustrated 
herein, as well as the supply of steam to external loads 
or for the supply of hot water directly from the reser 
voir above the heat exchanger to external loads. 
This completes the description of the modifications 

of the invention illustrated herein. However, many 
modifications thereof will be apparent to persons 
skilled in the art without departing from the spirit and 
scope of this invention. For example, any desired shape 
of heat exchanger could be used. The source of heat 
could be of any desired type, such as electrical heaters, 
radiation heaters, or waste heat derived, for example, 
from electronic components, and the system could be 
put to any desired heat transfer use. In addition, the 
control system can be made to function by temperature 
sensing rather than pressure sensing, or a combination 
of both and any desired safety or limit condition 
switches may be used. 
Accordingly, it is intended that this invention be not 

limited to the particular details of the embodiments dis 
closed herein except as defined by the appended 
claims. 
What is claimed is: 
1. A heat exchange system comprising: 
a thermally conductive matrix comprising a plurality 
of tubular members providing a conduit for fluid to 



9 
be heated and rigidly interconnected by thermally 
conductive bodies which provide at least portions 
of the walls of a plurality of passageways for gase 
ous products of combustion, the total area of said 
passageways in said matrix being substantially 
greater than the total area of said conduit in said 
matrix; 

means for supplying fluid from the upper end of said 
conduit to a reservoir above said matrix; 

means for supplying fluid from said reservoir substan 
tially directly to the lower end of said conduit; and 

means for supplying said combustion products to said 
passageways to heat said matrix. 

2. The heat exchange system in accordance with 
claim 1 wherein said matrix comprises a plurality of 
layers of thermally conductive bodies positioned be 
tween adjacent portions of said conduit and bonded 
thereto. 

3. The heat exchange system in accordance with 
claim 2 wherein said bodies are substantially predomi 
nantly curved in all directions. 

4. The heat exchange system in accordance with 
claim 3 wherein the average length of said passageways 
is not substantially greater than twenty times the aver 
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age radius of curvature of the surface areas of said bo 
dies. 

5. The heat exchange system in accordance with 
claim 4 wherein said bodies are substantially spheroi 
dal. 

6. The heat exchange system in accordance with 
claim 1 wherein said tubes and bodies are bonded to 
gether to to form a substantially cylindrical matrix hav 
ing a central plenum. 

7. The heat exchange system in accordance with 
claim 6 and means for supplying heated gases to said 
central plenum to transfer heat to said tubes at a rate 
in excess of 50,000 BTU's per square foot per hour of 
the surface area of the interior of said tubes. 
8. The heat exchange system in accordance with 

claim 7 wherein said means for supplying heated gases 
comprises a burner for supplying a fuel-air mixture to 
said plenum. 

9. The heat exchange system in accordance with 
claim 8 wherein said burner comprises a foraminous 
structure extending into said plenum. 

10. The heat exchange system in accordance with 
claim 9 wherein said burner is supplied with said fuel 
air mixture in gaseous form by a blower. 
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