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HEAT EXCHANGER 

BACKGROUND OF THE INVENTION 
As is known, water‘heating devices of the type nor 

mally used in homes,‘ industry and for heating swim 
ming pools normally rely on combustion of natural gas, 
propane, lique?ed petroleum or the like by conven~ 
tional means such as mixing the hydrocarbon with 
proper amounts of primary air and burning through 
combustion with required secondary air. The combus 
tion temperatures reached through this'process may re 
sult in temperaturesv of 3,000° to 5,000°F at the ?ame 
point. However, considerable carbon monoxide and 
other undesirable products of incomplete combustion 
can result because-of the drastic temperature gradients 
through the combustion zone. Aside from the genera 
tion of undesirable gases, however, the major disadvan 
tage of conventional heating techniques is that they are 
wasteful and costly. That is, the products of combus 
tion comprising heated gases, are caused to pass up 
wardly through a coil or‘ system of thin tubes where the 
heat is transferred to water ?owing through the tubes 
mainly by convection. This is inef?cient with a large 
amount of the heat passing to the atmosphere and nor 
mally requires that the heat exchanger be of the hori 
zontal or complete containment type. That is, the water 
must ?ow through a horizontal conduit section in order 
that it will remain within the heating zone for a suffi 
cient time in order to absorb enough heat to raise its 
‘temperature. 
Another disadvantage ‘of conventional liquid heaters 

of this type is that the tubes which carry the water dur 
ing heating, normally formed from copper or some 
other material of high heat conductivity, tend to form 
an oxide on the surfaces thereof which acts as an insu 
lator, cutting down the ef?ciency of the heat transfer 
process. ' _ 

These drawbacks of conventional heaters are partic 
ularly acute in swimming pools heaters where large 
amounts of heat are required to raise the temperature 
of the pool even a few degrees. 

SUMMARY OF THE INVENTION 

In accordance with the present invention‘, heat trans 
fer apparatus is provided for heating liquids comprising 
conduit means through which the liquid to be heated 
flows, and means adjacent the conduit means for gener 
ating infrared wave energy and for directing it against 
the conduit means whereby infrared wave energy ab 
sorbed by the conduit means will be transferred to the 
liquid ?owing therethrough by convection. ' 
With an arrangement of this sort, the absorption of 

infrared wave energy is extremely rapid. If bubbles or 
air pockets should occur within the tubes or conduits 
carrying the liquid, it is possible that the material from 
which the conduits are formed may melt. Accordingly, 
in order to prevent this condition, the conduits which 
carry the liquid to be heated are preferably arranged 
vertically or other provision made in order to prevent 
the formation of any stagnant air bubbles. Additionally, 
the ?ow of liquid through the conduits must be rapid 
enough in order to prevent the formation of steam. 
The conduits should be formed from a material of 

high conductivity and have. a surface of high emissivity 
in order to provide maximum absorption of the infrared 
wave energy. For this purpose, copper tubes have been 
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2 
found to be most desirable since,’ in use, a dark oxide 
forms on the outer surface of the tubes forming an es 
sentially black surface which has maximum absorptive 
capabilities for the infrared wave energy. Furthermore 
the arrangement of conduits should be such as to per 
mit maximum exposure to the generated infrared rays 
which travel in straight lines similar to rays of visible 
light. 

In one embodiment of the invention shown herein, 
four infrared generators are disposed around a plurality 
of conduits carrying liquid to be heated such that the 
infrared energy from the heaters strikes multiple sides 
of the conduits. In an arrangement of this-sort, care 
must be taken to assure that each' conduit is in the 
“line of sight” of a generator in order that infrared en— 
ergy will be absorbed by it. Infrared energy must be. 
prevented from traveling from one generator and 
across to another generator since this will create exces 
sive heat which will damage or possibly destroy the 
generators. 
Instead of using only four generators around a cluster 

of vertical conduits, the number of generators may be 7 
increased to provide a hexagonal or even octagonal 
con?guration, for example. Again, care must be taken 
to dispose the conduits within the space de?ned by the 
surrounding generators such that infrared energy can 
not pass through the cluster of conduits to agenerator 
on the other side of the configuration. 

In another embodiment of the invention, the conduits 
which carry the liquid to’be heated are disposed in a 
single vertical plane with infrared generators posi 
tioned on one side of the conduits and a re?ective sur 
face on the other side such that any infrared energy 
which passes between the conduits will be re?ected 
backwardly and be absorbed by the conduits and, 
hence, the liquid ?owing therethrough. Another possi 
bility is infrared generators on opposite sides of a row 
of conduits, in which case the conduits will normally be 
staggered. 
The above and other objects and features of the in 

vention will become apparent from the following de 
tailed description taken in connection with the accom 
panying drawings‘ which form a part of this speci?ca 
tion, and in which: 
FIG. 1 is an elevational view, partly in section, show 

ing one embodiment of the invention wherein four in- . 
frared heaters are spaced around a cluster of vertical - 
conduits through which water or liquid to be heated 
passes; . 

FIG. .2 is a cross-sectional view taken substantially 
along line II-II of FIG. 1; 
FIG. 3 is a cross-sectional view, similar to that of FIG. 

2, of an alternative embodiment wherein six infrared 
heaters are spaced around a cluster of vertical tubes in 
a hexagonal con?guration; I 

FIG. 4 is a cross—sectional view of still another em 
bodiment of the invention wherein infrared heaters are 
disposed on one side of a row of vertical conduits, a re 
?ective surface being on the other side; and 
FIG. 5 is a cross-sectional view of still another em 

bodiment of the invention wherein infrared heaters are 
disposed on opposite sides of two rows of staggered 
vertical conduits. 

’ With reference now to the drawings, and particularly 
to FIG. 1, the arrangement shown includes a lower 
header or manifold 10 adapted for connection through 
conduit 12 to a source of liquid, such as water, to be 
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heated. The water, for example, may be forced into the 
manifold 10 by means of a suitable pump, generally in 
dicated at 14. At the upper end of the apparatus is an 
exhaust header or manifold 16; and between the mani 
folds 10 and 16 is a plurality of conduits 18, perhaps 
best shown in FIG. 2. Heated water is withdrawn from 
the upper manifold 16 through ?tting 20. 
Surrounding the vertical conduits 18 between the 

manifold 10 and 16 are four infrared heating devices 
22A, 22B, 22C and 22D. The infrared heating device 
may, for example, be Type C-1095 I-IDS manufactured 
and sold by Van Dorn Company of Cleveland, Ohio. 
Infrared generators of this type utilize a metallic net 
work that is designed to convert the latent heat energy 
of a combustible fuel gas mixture to infrared energy 
emissions. With speci?c reference to generator 22B 
shown in cross section in FIG. 1, it includes a fuel noz 
zle 24 through which natural or other combustible gas 
is injected. The gas passing through the nozzle 24 mixes 
the air in a plenum chamber 26, the mixed gases pass 
ing through a Venturi tube 28 and then over a baf?e 30 
into a plenum chamber 32. Covering the open side of 
the housing 34 which encloses the nozzle 24, the Ven 
turi tube 28, baf?e 30 and plenum chamber 32 is a se 
ries of wire-mesh screens 36. 

Brie?y, the operation of the infrared generator is as 
follows: The mixture of air and gas, after passing 
through the Venturi tube 28, expands into the plenum 
chamber 32 and then evenly diffuses through the mesh 
grip 36. As the mixture ?lters through the grid, it is ig 
nited and complete combustion is obtained, usually 
within the con?nes of the grid. A complete catalytic ox 
idation of the air-gas mixture is achieved within the sur 
face con?nes of the grid structure without ?ame. In this 
process, the grid structure emits infrared wave energy 
having a wavelength in the range of about 1.0 to 6.0 mi 
crons. This infrared energy then travels away from the 
grid or mesh 36 along a straight-line path of travel in 
the same manner as visible light energy. 
As the infrared wave energy thus generated strikes 

the tubes 18, it is absorbed. The absorbed heat is trans 
ferred through the walls of the conduits 18 by conduc 
tion to the liquid ?owing therethrough. The heat trans 
fer process is extremely ef?cient and serves to rapidly 
raise the temperature of the liquid ?owing through the 
conduits 18. Care must be taken, however, to insure 
that the pump 14, for example, pumps the liquid 
through the conduits 18 at a sufficiently rapid rate in 
order to prevent the generation of steam within the 
conduits or the manifold 16. 
The products of combustion produced by the burning 

gas at the wire-mesh screens 36 passes upwardly and 
along the direction of arrow 38 through a space be 
tween the upper edges of the generators 22A-22D and 
the lower surface of the manifold 16. If desired, ?ns 40 
may be provided on the lower, outer edge of the mani 
fold 16 in order to absorb at least a portion of the heat 
passing out of the system with the products of combus 
tion. Note that the conduits 18 in FIG. 2 are staggered 
such that each conduit is exposed on at least two sides 
to infrared wave energy. Note also that the conduits 
18A and 18B are tangent to conduit 18C in both direc 
tions. The same is true of conduits 18D and 18E with 
respect to conduit 18F. This is necessary in order to 
maximize the surface area of each conduit exposed to 
infrared wave energy while, at the same time, prevent 
ing passage of infrared energy from one generator to a 
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4 
generator on the opposite side of the apparatus. If this 
were to occur, possible damage to the grid structures 
36 or other parts of the infrared generators could oc~ 
cur. 

With reference to FIG. 3, another embodiment of the 
invention is shown wherein six infrared generators 42 
are spaced around a cluster of vertical conduits 44 in 
a hexagonal con?guration. As will be understood, this 
increases the capacity of the heat transfer device by a 
factor of 50 percent over the arrangement shown in 
FIG. 2. Further capacity can be added, for example, by 
providing an octagonal con?guration. Again, care must 
be taken in the size and spacing of the tubes to prevent 
infrared rays from a generator from passing through the 
tubes 44 to a generator on the other side. 

In FIG. 4, another embodiment of the invention is 
shown wherein the conduits 46 all are in a common 
vertical plane connected between a lower header or 
manifold 48 and an upper header, not shown. In this 
case, there are three infrared generators 50 disposed on 
one side of the row of conduits 46. Any infrared energy 
which passes through the spaces between conduits 46 
is re?ected from a re?ective surface 52 on the side of 
the conduits opposite the generators whereby it is re 
turned back to the conduits and absorbed. 

In FIG. 5, still another embodiment of the invention 
is shown which is similar to that of FIG. 4 except that 
rows 54 and 56 of infrared generators are on opposite 
sides of two staggered rows 58 and 60 of vertical con 
duits extending between a lower header 62 and an 
upper header, not shown. Again, care must be taken to 
insure that in an arrangement of this sort, the infrared 
wave energy from a generator on one side of the rows 
58, 60 will not pass through to a generator on the other 
side. . 

Although the invention has been shown in connec 
tion with certain speci?c embodiments, it will be read 
ily apparent to those skilled in the art that various 
changes in form and arrangement of parts may be 
made to suit requirements without departing from the 
spirit and scope of the invention. ‘ 

I claim as my invention: 
1. Heat transfer apparatus for heating liquids com 

prising: 
a plurality of infrared generators forming at least one 
opposed pair of each including means for convert 
ing a latent heat energy of a combustible fuel gas 
mixture into infrared energy emission character 
ized by a path of travel along spaced-apart and sub 
stantially straight lines from each generator, 

an inlet manifold, 
an outlet manifold, 
a plurality of tubes connecting said manifolds in a liq 
uid conducting relation for conducting liquid to be 
heated in a direction normal to said path of travel 
by the infrared energy emissions from said genera 
tors, and 

said tubes being spaced one with respect to the other 
while supported by said manifolds to form at least 
one cluster of tubes arranged and constructed to 
intercept substantially all of the infrared energy 
emissions from each of said generators whereby the 
said emissions do not pass beyond said cluster of 
tubes, said infrared generators being secured to 
and supported by at least one of said manifolds. 

2. The heat transfer apparatus of claim 1 wherein 
said plurality of tubes comprises a plurality of vertical 
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conduit tubes extending between a lower manifold and 
an upper manifold. 

3. The heat transfer apparatus of claim 2 wherein 
said vertical conduit tubes are spaced to form a cluster 
of tubes such that infrared energy from one generator 
of said opposed pair will not pass through said cluster 
of tubes to the other generator of said pair. 

4. The heat transfer apparatus of claim 3 wherein 
said plurality of infrared generators comprises four 
generators spaced around said cluster of vertical tubes 
in a rectangular con?guration. 

5. The heat transfer apparatus of claim 3 wherein 
said plurality of infrared generators comprises genera 
tors spaced around a cluster of vertical tubes in a hex 
agonal con?guration. 

6. The heat transfer apparatus of claim 2 wherein 
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6 
said cluster of vertical tubes are arranged in parallel 
rows with the tubes in one row being adjacent tubes of 
another row, said plurality of infrared generators com 
prising at least one generator disposed on each side of 
the parallel rows such that the generators face each 
other. 

7. The heat transfer apparatus of claim 6 wherein a 
plurality generators is disposed at each of said side of 
the rows of tubes. 

8. The heat transfer apparatus according to claim 1 
wherein said plurality of infrared generators is disposed 
side-by-side and supported by at least one of said mani 
folds to form a contiguous enclosure surrounding said 
plurality of tubes. ‘ 

***** 


