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United States Patent Office 2,817,960 
Patented Dec. 31, 1957 

1. 
2,817,960: 

HEAT.EXCHANGERS 
Ferdinand. Lustwerk, Lincoln Harold: S. Mickley, Bel 
mont, and Ernest: P. Neumann, Lincoln, Mass, as 
signors, by mesne, assignments, to Rheem Manufacture 
ing Company, a corporation of California: 

Application July 13, 1954, Serial No. 443,028 
3 Claims... (C.I. 62-156) 

This invention relates to heat; exchangers, more: pare 
ticularly to a refrigerant condenser of the type shown and 
described in co-pending application, Serial:No. 427,049, 
filed May 3, 1954, and to improvements in a refrigera 
tion system embodying said condenser. 

In a compression type refrigeration system, a suitable 
refrigerant capable of evaporation: from as liquids to a 
gaseous phase at low temperature is circulated in a closed 
circuit. When it evaporates at low pressure in the evapo 
rator, its absorbs: heat, thus producing the desired refrig 
eration. ... The evaporated gas is compressed in a com 
pressor. and then-cooled in a condenser to revert it to its 
liquid phase at a substantially: higher temperature than 
its:temperature of evaporation at low pressure, after which 
it returns to the evaporator. 
Our invention provides an improved condenser andwe 

have: discovered that the condenser, when used in a 
compression type refrigeration: circuit, including. means 
to evaporate and then to compress a refrigerant, increases, 
efficiency as much as double. This increased efficiency 
results in part by greatly reducing the power per; tons of 
refrigeration required to compress: the refrigerant, re 
ducing power required to operate the fans, reducing the 
amount of coolant, water used and reducinga-the-power. 
required to circulate: the: coolant water. Such increased 
efficiency is reflected in greatly reduced capitalicosts for 
refrigeration and air, conditioning units and the like. 
The standard commercial refrigerating unit, such as...is 

used in domestic refrigerators and air: conditioning sys 
tems, requires: a motor rated at about ones horsepower: 
to produce a tons of refrigeration per; day, a tons of:res. 
frigeration being equivalent to that produced by the melt 
ing-of-one ston-of-ice. We can now use a motor rated 
at, one horsepower...for the compressor to:produce refrig. 
eration which is equivalent to that which was heretofore: 
produced by a motor rated at two, horsepower; 

In a refrigeration system...this power requirement is 
proportionate to the difference between the temperature. 
of evaporation of the refrigerant from liquid to gas and 
the temperature of condensation of the compressed gas. 
back to liquid. Our invention, increases efficiency by 
reducing the temperature of condensation from tempera 
tures of the order of 125°F. and upward in the usual 
system to temperatures of the order of 100 F: or less. 
Water is... the most readily. available coolant for: use 

with a condenser for cooling refrigerant. When used in 
substantial quantities it ordinarily has good cooling prop 
erties, but such quantitative use: may amount to a subs 
stantial item of the cost of refrigeration: Many systems, 
particularly for domestic, refrigeration; and in air icondi 
tioning types; therefores rely, solely upon-air cooling for: 
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2 
condensing the refrigerant. While the use of airfor cons 
densing is far: less efficient than the ordinary use of water 
or water.combined with air, the: cost of the water coolant 
usually exceeds; the saving in cost of power required for 
compression and no ultimate total of saving in efficiency 
is achieved. 
Our invention contemplates the use for condensing a 

refrigerant,...of an air; stream combined with water; but 
the latter in such "small quantities as to be negligible in 
cost as compared. with the saving in power required for 
compressing the refrigerant, thereby "resulting in a large 
over-all, savings in cost of refrigeration. 
One of the Substantial improvements in: their present 

invention is: in the means by which they quantity of cool 
ing water used is reduced by...a system: which uses, a 
Smaller: amount of water with greater efficiency and com: 
bined with means to re-circulate and reuse the coolant. 

For condensing, the coolant water is partly evaporated 
from cooling surfaces by an air stream and it is the excess 
unevaporated: water which is re-circulated and reused: 
This would ordinarily result in an increase of the cont 
centration of salts contained in the coolant water, which 
are: deposited in the: re-circulation system by the evapo 
rated water, and such concentration would result: in 
eventual plugging of the orifices and parts by concent 
trated, salt, Our invention therefore... provides means to 
drain off a portion of the re-circulated water, so "as to: 
maintain; the salt concentration at a desirable working 
level. Consequently, means are also provided to replenish 
the coolant which is lost by evaporation and draining. By 
reason of the advantageous features of the invention, as 
will be described, low pressures and large: orifices are used 
for circulating and draining...the coolant water, thereby: 
also substantially eliminating the likelihood of plugging. 
and also materially reducing cost not only of the parts 
of the condenser system but also of the cost of circulating 
the small amounts of Water consumed. 

Further advantages will be apparent from the follows: 
ing description taken in connection with the drawings in: 
which: 

Fig. 1 is a side: elevation in section of the condenser: 
apparatus of the invention; 

Fig. 2 is a top plan view with the cover removed; 
Fig. 3 is a schematic flow diagram showing the cont. 

denser of the invention in combination with the other: 
components comprising the refrigeration system of ins' 
creased efficiency produced by the invention; : 

Fig. 4 is a front view of the nozzle; and 
Fig. 5 is a section of the nozzle shown in Fig. 4. 
In the drawings, Figs. 1 to 3 show a generallyi box-like. 

container 10 having large round openings 11 and 12 in 
its ends, thereby forming an air duct having a water 
tight bottom providing a sump 3 containing water or ; 
other coolant approximately at the level indicated at 14. 

In the opening 11 is attached the structure of a fan 5. 
arranged with a driving motor 16, and a surrounding duct. 
structure; 17 so as to create a moving airi stream" which 
enters an opening 18 in the duct. 17 and flows from left: 
to right through the container 10 and out of the opening. 
12, and which air stream, due to the rotation of the fan 
15, has a vigorous whirling: action immediately downs: 
stream of the fan 15. 
A series of pipes 20, having manifolds; or headers 2i. 

and 22 at their ends; form conduitmeans in the air stream 
below:the fan 15 for cooling; and condensing:the refrige 
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erant which may be conducted into the conduit means 
by an inlet pipe 23, and away from the conduit means 
by an outlet pipe 24. Surrounding the conduit pipes 20 
and in thermal contact therewith, is an arrangement of 
cooling fins 30 in close proximity to each other with air 
spaces between through which the air stream of the fan 
may flow, thereby greatly increasing the cooling surface 
of the conduit pipes 20. 

Located approximately axially of the fan 15, and be 
tween the fan and the conduit means 20, is a low pres 
sure nozzle 35 having an aperture 36, preferably of the 
order of V8 inch in diameter or larger, and of the type 
illustrated in detail in Figs. 4-5, which delivers a water 
stream in the form of a wide cone, as illustrated at 38 
in Fig. 1, when water is pumped through it from a hose 
40 at a pressure of approximately two pounds per square 
inch. The cooling water is delivered through the hose 
40 and the nozzle 35 by a low pressure electrically driven 
sump pump 45 which is located to draw water 14 from 
the bottom 13 of the container directly under the nozzle 
so as to have the shortest possible hose line 40. 
Without the aid of the fan 15 the conical stream of 

water 38 produced by the nozzle 35 plays only on the 
periphery or surrounding edge areas of the conduit pipes 
20 and associated arrangement of fins 30, and a large 
portion of the central area of the fin arrangement remains 
dry because no water is projected into the interior of 
the conical stream of water 38. However, when the fan 
15 is in operation, the whirling action of the air stream 
immediately downstream of the fan agitates the conical 
stream of water 38 and throws off droplets of water 39 
continuously toward the center of the cone and toward 
the fins 30 in such a manner that the entire effective sur 
faces of the fins are continually being wet by droplets of 
water projected upon them by the combined action of 
the nozzle and the whirling action of the air stream 
created by the fan. 

There is a point of optimum action of the fan on the 
water stream relative to which the nozzle 35 should be 
adjusted and spaced with respect to the fan 15, and also 
a point where the conduit means may be spaced with re 
spect to the nozzle 35 for optimum wetting effect on the 
fins by the combined action of the fan and the nozzle, 
both of which can be determined by adjustment of the 
parts so that maximum wetting and evaporation effect 
is produced on the fins 30. 
As explained in the said co-pending application, the 

fins 30 are preferably inclined out of the horizontal from 
approximately 5 to 15 in order to inhibit by gravita 
tional force the flow of water across their surfaces pro 
duced by the air stream. With a corresponding adjust 
ment of air stream velocity and angle of inclination of 
the fins, the coolant water is caused to linger on the fin 
surfaces in an agitated condition, thereby greatly en 
hancing the evaporation of the coolant and consequently 
increasing substantially the cooling and condensing effect 
on the compressed refrigerant flowing through the con 
duits 20. 
The critical relative locations of the fan 15, the nozzle 

35 and the conduit means 20, as described herein, enable 
us to use the large aperture low-pressure type nozzle 35 
and low-pressure type pump 45 in place of a fine spray 
type of nozzle which would otherwise be necessary to 
wet the entire area of the fin, and which requires a high 
pressure pump to produce such a spray. The advantages 
are that the low pressure system herein uses less water, 
the low pressure pump is far cheaper to purchase and 
operate, and what is more important, the large aperture 
of the low pressure nozzle is unlikely to clog due to 
whatever sediment may creep into the system, whereas 
the multiple fine apertures of the high pressure fine spray 
type nozzle clog more readily and may render the nozzle 
inoperable after a period of use. 
A baffle 55 is provided in the form of a fixed highly 

porous pad to catch the droplets of water driven off 
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4 
the fin surfaces by the air stream and to return them to 
the sump, while at the same time allowing the flow of 
the air stream therethrough and out of the opening 12. 
Means are provided to drain off a portion of the water 

coolant falling from the fins, in order to keep the salt con 
centration from building up to an undesirable level due 
to evaporation, in the form of a tray 60 having a drain 
62 in the bottom thereof and the edges 64 of which pro 
trude slightly above the water level 14. By this arrange 
ment most of the water flowing off the fins is returned 
to the Sump for re-circulation but a desired proportion 
falling into the tray 60 is removed. 
Means for replenishing the water supply as necessary 

is provided in the form of a water inlet 70, automatically 
controlled by a valve 72 operated by a float 73 so as to 
maintain the water level 14 at the desired height. The 
tray 60 also acts as an overflow in the event the float 
valve sticks, thus preventing flooding. 

Figure 3 shows the condenser unit 10 connected to re 
ceive compressed refrigerant gas through the line 23 and 
to discharge condensed liquid refrigerant through the line 
24 in a closed refrigeration system, including also an 
evaporator 80 and a compressor 82. The liquid re 
frigerant is conducted to the evaporator 80 through the 
line 24 where, upon evaporating it exerts a cooling effect 
by absorbing the heat of evaporation, whereupon it passes 
through a line 84 to the compressor 82 where it is com 
pressed and returned through the line 23 to the con 
denser 10. 
Any of the well known refrigerants, for instance the 

"freon' gases, may be used in the system. Whereas, it 
has ordinarily previously required a motor of one rated 
horsepower to operate the compressor 82 to produce one 
ton of refrigeration per day in a refrigeration system of 
this general type, the power requirement for the com 
pressor 82 has now been substantially reduced as a result 
of this invention, by reason of the fact that while the 
evaporation temperature in the evaporator 80 for any 
given refrigerant remains unchanged, the increased ef 
ficiency of the condenser 10 of the invention substantially 
reduces the temperature of condensation of the refrig 
erant and thereby reduces the power required to com 
press it. 
We claim: 
1. In a heat exchanger of the character described, con 

duit means in thermal contact with fins, said fins being 
inclined from the horizontal about five to fifteen de 
grees, a generally horizontally extending duct providing 
a passage for a stream of air and in which said conduit 
means and said fins are positioned with the upper edges 
of said fins disposed downstream relative to the lower 
edges, means upstream of said conduit means for sup 
plying liquid to the fins in an amount sufficient to con 
tinuously maintain substantially the entire surfaces there 
of covered with water, a blower positioned upstream of 
said liquid supplying means to move the air through 
said duct at a velocity sufficient to substantially com 
pletely overcome the gravitational downward flow of 
liquid on the surfaces of said fins. 

2. In a heat exchanger of the character described, con 
duit means in thermal contact with fins, said fins being 
inclined from the horizontal, a generally horizontally ex 
tending duct providing a passage for a stream of air and 
in which said conduit means and said fins are positioned 
with the upper edges of said fins disposed downstream 
relative to the lower edges, means upstream of said con 
duit means for supplying liquid to the fins in an amount 
sufficient to continuously maintain substantially the entire 
surfaces thereof covered with liquid, and a blower posi 
tioned upstream of said liquid supplying means operative 
to disperse and distribute the liquid from said liquid sup 
plying means over the entire surfaces of said fins and to 
move the air through said duct at a velocity sufficient to 
Substantially overcome the gravitational flow of liquid 



2,817,960 
5 6 

on said fin surfaces and provide a run-off of liquid over References Cited in the file of this patent 
the upper and lower edges of the fins. 

3. The method of cooling a fluid in a conduit com- UNITED STATES PATENTS 
prising passing said fluid in the conduit in thermal con- 1,955,269 Anetsberger ----------- Apr. 17, 1934 
tact with a fin inclined from the horizontal, supplying 5 2.99839 Ashley.--------------- Nov. 3, 1936 
evaporative liquid upon said fin from adjacent the lower 2,121,115 Bergdoll -------------- June 21, 1938 
edge thereof and in an amount to substantially com- 2,185,035 Melcher --------------- Dec. 29, 1939 
pletely cover the same, and passing a stream of gas from 2,228,550 Young ---------------- Jan. 14, 1941 
upstream of the liquid supply so as to disperse and dis- 2,247,897 Wahlin ---------------- July 1, 1941 
tribute the liquid over the surface of the fin and at a 10 228-242 Chapman ------------- Mar. 31, 1942 
velocity sufficient to substantially completely overcome 2,493,141 Henney ---------------- Jan. 3, 1950 
the free gravitational flow of liquid on the fin and cause 2,495,002 Hart ----------------- Jan. 17, 1950 
a small portion of the liquid to run off from both the 2,637,532 Baker ----------------- May 5, 1953 

2,680,599 Wile ------------------ June 8, 1954 upper and lower edges of the fin. 


