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57) ABSTRACT 

Transducers are utilized to produce vibrations within a 
thermodynamic system including an evaporator, a 
condenser, and a plurality of pipes connecting the 
evaporator and condenser so that the refrigerant can 
circulate therethrough. Other conventional cooling 
system components such as a compressor and a cool 
ing tower may be included. Preferably one or more 
transducers are attached to the evaporator and may be 
enclosed within it. The vibrations reduce the refriger 
ant and water film coefficients, inhibit the formation 
of a film of bubbles on the tubes of the evaporator, in 
crease foaming, and generally improve heat transfer 
throughout the system. 

18 Claims, 6 Drawing Figures 
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THERMODYNAMIC SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to thermodynamic systems, 
and more particularly to systems in which heat transfer 
is improved by the use of vibrations. 
The efficiency of a cooling system is, in large mea 

sure, a function of the rate of heat transfer between the 
apparatus of the system and the refrigerant which cir 
culates therethrough. An increase in efficiency permits 
the utilization of a smaller system which is less expen 
sive to manufacture and consumes less energy to do a 
particular job. This is true in the case of, for instance, 
conventional air conditioning systems that include a 
condenser, water chiller, and compressor, as well as in 
systems that omit the compressor, such as the one de 
scribed in U.S. Pat. No. 2,718,766 to Imperatore, et al. 

Particular attention has, in the recent past, been di 
rected to the problem of improved heat transfer in the 
evaporator where a layer of bubbles tends to form on 
the evaporator tubes. These bubbles act as an insulator 
and substantially reduce the rate of heat transfer. Ef 
forts have been made to improve heat transfer by stir 
ring or spraying the refrigerant. The aforementioned 
Pat. No. 2,718,766 describes the use of a spray system 
for this purpose. U. S. Pat. No. 3,242,689 to Chubb, et 
al., describes a technique by which refrigerant gas is 
blown into the liquid refrigerant. Although these previ 
ously known techniques have met with some success, 
the rate of heat transfer has not been maximized. 
An increase in the rate of heat transfer is of particular 

importance in systems that either omit the compressor 
or provide for the operation of the system without using 
the compressor. As the rate of heat transfer is in 
creased, the range of operating conditions of this more 
economical method of cooling is increased accord 
ingly, 
The rate of heat transfer can be increased, to some 

extent, by allowing the evaporator tubes to be con 
tacted by foam which forms on the surface of the refrig 
erant in the evaporator. Therefore, increased foam 
depth is desirable. The effectiveness of this foam is 
partially a function of bubble size. As the bubbles be 
come larger, the amount of refrigerant included in the 
foam is reduced and its effectiveness is decreased ac 
cordingly. 

Oil, when mixed with the refrigerant, serves as a 
foaming agent. However, the presence of oil also 
causes the size of the foam bubbles to increase. The 
recommended oil concentration in previously known 
systems is up to 2 percent by weight of the refrigerant 
in the evaporator. If the oil concentration increases be 
yond that level, it is known to inhibit heat transfer. 

Oil is often present in conventional cooling systems 
because it is required to lubricate the compressor. 
However, if the amount of oil in these systems becomes 
too high (over 2 percent), it must be removed. 

SUMMARY OF THE INVENTION 
The present invention consists of an improved ther 

modynamic system comprising an evaporator, a con 
denser, a plurality of pipes connecting the evaporator 
and condenser so that refrigerant can circulate there 
through, and a transducer means for producing vibra 
tions in the system whereby the rate of heat transfer be 
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tween the refrigerant and the apparatus of the system 
is increased. The term vibration, as used here, encom 
passes cavitation within the liquids of the system as well 
as vibrations in the apparatus of the system. Preferably, 
the transducer means is attached to the evaporator, 
and it may be enclosed by the evaporator and sub 
merged in the refrigerant. 
Although systems of this type are most often used for 

cooling and refrigeration purposes, they must be used 
as a heat pump, and the term thermodynamic system is 
used here to encompass both. 
The present invention includes a method of cooling 

a fluid comprising passing a refrigerant through an 
evaporator where it is brought into heat exchange rela 
tionship with the fluid and whereby said fluid is cooled 
and the refrigerant is heated. The refrigerant is then 
passed through a condenser wherein the refrigerant is 
cooled. Vibrations are produced in the refrigerant 
whereby the rate of heat transfer is increased. The vi 
brations are most effective when induced directly in the 
evaporator, as by attaching a transducer means to a 
wall of the evaporator. 
The vibrations produced should have a frequency be 

tween approximately 5,000 and 500,000,000 cycles per 
second. The optimum range lies between approxi 
mately 10,000 and 100,000 cycles per second. Ultra 
sonic vibrations are preferred because they do not pro 
duce undesired noise. Although the transducer means 
for producing vibrations is preferably located in the 
evaporator, the vibrations are transmitted throughout 
the system, and the transducer means may have other 
locations. 
The vibrations tend to prevent the accumulation of 

a film of bubbles on the evaporator tubes, encourage 
the formation of gas in the refrigerant by nucleation, 
and increase the rate of degassing of the refrigerant 
bath. Another desirable effect of the vibrations is that 
they increase the depth of the foam on the surface of 
the refrigerant in the evaporator. As the depth of the 
foam increases, a larger number of evaporator tubes 
are contacted by the refrigerant and, thus, heat ex 
change takes place over a larger surface area. The 
added foam which is attributable to the presence of the 
vibrations is formed by relatively small bubbles that re 
sult in a high rate of heat transfer. 
The presence of vibrations enhances the effect of 

foaming agents mixed with the refrigerant in a synergis 
tic manner. A quantity of foaming agent, preferably an 
oil, in the evaporator which is equal to between approx 
imately 0.5 and 10 percent of the weight of the refriger 
ant in the evaporator is desirable. Accordingly, it is not 
necessary to limit the presence of oil in the evaporator 
to less than 2 percent by weight of the refrigerant as has 
been the practice in the past. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more detailed understanding of the method and 
apparatus of the invention, reference may be made to 
the following detailed description taken in conjunction 
with the accompanying drawings wherein: 
FIG. 1 is a schematic diagram of a cooling system 

constructed in accordance with the invention; 
FIGS. 2 and 3 show, in cross-section and in greater 

detail, the evaporator and attached transducers of FIG. 
1; 
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FIGS. 4 and 5 show, in cross-section, an alternative 
arrangement of an evaporator and transducers for use 
in the system of FIG. 1; and 
FIG. 6 shows, in cross-section, a third arrangement of 

an evaporator and transducers for use in the system of 
FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A cooling system incorporating the concept of the 
invention is shown in FIG. 1. It includes a condenser 10 
and an evaporator 12 through which the refrigerant is 
arranged to flow by various connecting pipes. A trans 
ducer means 13 is provided for producing continuous 
vibrations within the system whereby the rate of heat 
transfer between the apparatus of the system and the 
refrigerant is increased. 
The system may be operated with or without a com 

pressor 14. When the compressor 14 is in use, water 
from the area to be cooled is supplied to the tubes 15 
of the evaporator 12 by a pipe 16 and withdrawn by a 
pipe 18 under the force of a pump 17. As the water 
passes through the tubes 15, it is brought into heat ex 
change relationship with a refrigerant in the shell of the 
evaporator 12. Accordingly, the water is chilled as the 
refrigerant is heated and vaporized. The vaporized re 
frigerant from the shell of the evaporator 12 is supplied 
by a pipe 20 to the compressor 14, and the compressed 
refrigerant is supplied by a pipe 22 to the shell of the 
condenser 10 where it is brought into heat exchange 
relationship with water flowing through the tubes 23. 
This water is supplied to the condenser 10 by a pump 
25 through a pipe 26 and then withdrawn through a 
pipe 28. For purposes of defining the invention, the re 
frigerant may be referred to as the first fluid and the 
water to be cooled as the second fluid. 
As the water flows through the tubes of condenser 

10, it is heated by the refrigerant which is thus cooled 
and liquified. The heated water temperature is lowered 
toward the ambient wet bulb temperature in a conven 
tional cooling tower 30 which includes a blower 32 and 
a spray system 34. A pipe 36 supplies liquid refrigerant 
from the condenser 10 to an intercooler 38 from which 
is supplied by a pipe 40 to the evaporator 12. 
The system of FIG. 1 is capable of operating without 

the compressor 14 in the manner disclosed in the afore 
mentioned Pat. No. 2,718,766. This mode of operation 
is employed when the demands on the system are rela 
tively low. Refrigerant vapor from the evaporator 13 is 
supplied by a pipe 41 through a gas bypass valve 42 to 
the condenser 10 without compression. It is liquified by 
the loss of heat to the water from the cooling tower 30 
flowing through the tubes 23 of the condenser 10 and 
is returned to the evaporator 12 via the intercooler 38. 

If the expected range of ambient temperature is such 
that the compressor 14 is not needed, it may, of course, 
be eliminated from the system entirely. Conversely, if 
it is expected that the compressor 14 will be needed at 
substantially all times, the line 41 and the bypass valve 
42 may be eliminated. The effect of vibrations is of spe 
cial importance in systems that operate without a com 
pressor, because they increase the operating range of 
this more economical method of cooling. 
The evaporator 10 of the system of FIG. 1 is shown 

pictorially and in greater detail in FIGS. 2 and 3. The 
upper portion 43 of the heat exchanger 10 is generally 
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4. 
cylindrical in shape. The lower portion 44 is trough 
like and contains the transducer means 13. Refrigerant 
vapor is supplied to the condenser 10 and the compres 
sor 14 through an opening 45. 

In this embodiment the transducer means comprise 
a plurality of submersible transducers driven by one or 
more generators 46. The number and size of these 
transducers is, of course, dependant upon the require 
ments of an individual installation. 
The transducers 13 are enclosed within a liquid-proof 

housing 48. The transducers 13 are, nevertheless, con 
sidered to be submerged as they are located within the 
evaporator 10, and the vibrations need not be transmit 
ted through the relatively heavy exterior wall of the 
evaporator 10 with a resulting loss of power. The trans 
ducers 13 are vented through a tube 50 to the refriger 
ant vapor in the shell of the evaporator 10. Thus, the 
transducers 13 need not operate across the pressure 
differential between the inside and the outside of the 
evaporator 10 with a further resulting loss of power. 
FIGS. 2 and 3 show the formation of refrigerant foam 

52 on the surface of the liquid refrigerant 54 in the shell 
of the evaporator 10. The tubes 15 of the evaporator 
10 are not shown in these figures to avoid unnecessary 
complexity in the drawings. For optimum performance, 
the tubes 15 should be arranged so that they are all cov 
ered by the liquid 54 or the foam 52 of the refrigerant. 

An alternative evaporator and transducer arrange 
ment 60 is shown in FIGS. 4 and 5. Here, a plurality of 
transducers 62 are attached to the lower wall 64 of the 
evaporator 60, but are not submerged in the refriger 
ant. Instead, they are mounted in exterior fashion. 
However, in this arrangement, as in the arrangement of 
FIGS. 2 and 3, the vibrations are induced directly in the 
evaporator. The vibrations could be induced at another 
point in the system and transmitted to the evaporator, 
but this would be less efficient. One or more generators 
66 drive the transducers 62. The shell of the evaporator 
60 is generally cylindrical in shape except for the lower 
wall 64 which is flat to accommodate attachment of the 
transducers 62. Refrigerant vapor is supplied to the 
condenser 10 or the compressor 14 through an opening 
68. . 
Another evaporator and transducer arrangement that 

can be used in the system of FIG. 1 is shown in FIG. 6. 
This arrangement, as compared to those of FIGS. 2 and 
4, is particularly well suited for relatively large installa 
tions. The transducers 70 are attached to the walls 72 
of a cylindrical evaporator 74 just above a perforated 
diffusion plate 76 that extends horizontally across the 
bottom of the evaporator 74. The transducers 70 are 
each attached by a plate 78 which is bolted to a com 
panion flange 71 on a wall 72 and powered by one or 
more generators 80. 
The tubes 82 of the evaporator 74 pass through the 

lower portion thereof and are arranged in groups to fa 
cilitate connections between the tubes and in water 
boxes (not shown) at the ends of the evaporator. This 
arrangement of tubes leaves an open vertical channel 
84 between the groups of tubes 82. There is a tendancy 
for the bubbles formed in the liquid refrigerant to rise 
through this opening, whereas heat transfer and foam 
ing are improved if they are dispersed throughout the 
tubes 82 as they rise. Therefore, a blocking member 86 
is disposed above the open vertical channel 84. Similar 
blocking members should be disposed above any other 
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channels through which bubbles tend to rise. The liquid 
refrigerant level 88 is below the uppermost tubes 82 
which are contacted by the refrigerant foam 90. 
The refrigerant vapor is supplied from the evaporator 

74 to the condenser 10 or the compressor 14 of the sys- 5 
tem of FIG. 1 through an opening 9. The transducers 
70, which are each enclosed in a liquid-proof housing 
92 similar to the housing 48, are vented by lines 94 to 
the upper portion of the evaporator 74 where the pres 
sure of the refrigerant vapor is present. 

In a typical installation, a four foot section of an 
evaporator may contain, for example, perhaps a suffi 
cient number of transducers to provide 1000 watts of 

10 

output. Instead of the type of transducer represented in 
the drawings, it would be possible to employ whistles or 
sirens for the transducer means. 
The vibrations produced by the transducer means 13 

improve heat transfer throughout the system. This ef 
fect is particularly beneficial with respect to heat trans 
fer from the evaporator tubes 15 to the refrigerant. 
There is a tendancy for bubbles to accumulate around 
the tubes 15 that are enclosed by liquid refrigerant, and 
these bubbles act as an insulating layer. The formation 
of bubbles on these tubes 15 is believed to be greatly 
reduced by the vibrations. 
Another beneficial effect of the vibrations is that the 

depth of the foam 52 (shown in FIGS. 2 through 6) is 
increased significantly and the size of the bubbles is 
kept advantageously small. This enables a larger num 
ber of evaporator tubes 15 to be brought into effective 
contact with the refrigerant. 
Vibrations have been found to increase the rate at 

which gas is formed in the liquid refrigerant by nucle 
ation. It is believed that heat transfer between the evap 
orator tubes 15 and the water therein is also improved. 
Similar effects take place in the condenser 2 to the ex 
tent that vibrations are present there. 
The optimum vibration frequency depends upon the 

configuration and construction of the particular sys 
tem. The frequency may vary from approximately 
5,000 to 500,000,000 cycles per second. If the fre 
quency is too low the system will be noisy: if it is too 
high the transducers will consume too much power. 
The preferred frequency range is from approximately 
10,000 to 100,000 cycles per second. Ultrasonic vibra 
tions are preferred because of the lack of undesired 
noise. Commercially available transducers that operate 
at 25,000 and 40,000 cycles per second have been 
found to perform well and do not result in excessive 
noise. 
The effect of the vibrations is synergistic when com 

bined with the presence of a foaming agent mixed with 
the refrigerant in the evaporator 10. Oil is generally a 
good foaming agent for this purpose. The quantity of 55 
oil in the evaporator should be equal to between ap 
proximately 0.5 and 10 percent of the weight of liquid 
refrigerant in the evaporator. Accordingly, the foaming 
agent is effective to produce bubbles of the desired size 
in concentrations in excess of 2 percent by weight of 6 
the refrigerant in the evaporator, whereas this is above 
the intended concentration of other systems. This rela 
tively high concentration of foaming agent has not 
been effective in previously known systems. 
The preferred embodiment described above is 

merely exemplary and is susceptable of variation and 
modification by those skilled in the art without depart 
ing from the spirit and scope of the invention. For in 
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6 
stance, although the deployment of the transducers in 
the positions shown in FIGS. 2 through 5 is advanta 
geous, the transducers could be attached to the system 
at other locations. In fact, the vibrations may be trans 
mitted from the transducer means 13 through the water 
that flows through the tubes of the evaporator or the 
condenser. Therefore, the invention is not deemed to 
be limited except as defined in the appended claims. 

I claim: 
1. A cooling system including an evaporator in which 

a first fluid is boiled and a second fluid is cooled, a 
means for cooling and condensing the boiled first fluid 
after it leaves said evaporator, and means for returning 
the first fluid to said evaporator wherein the improve 
ment comprises transducer means for producing vibra 
tions at a frequency between approximately 5,000 and 
500,000,000 cycles per second within said first fluid 
while it is in said evaporator whereby the rate of heat 
transfer between said first and second fluids within said 
evaporator is increased substantially. 

2. The cooling system of claim 1, further comprising 
a foaming agent mixed with the first fluid whereby the 
amount of refrigerant foam produced is substantially 
increased by the interaction of said vibrations and said 
foaming agent. 

3. The system of claim 2, wherein the foaming agent 
is an oil and the quantity of the foaming agent is equal 
to at least 2 percent by weight of refrigerant in the 
evaporator. 

4. The cooling system of claim 2, wherein said evapo 
rator includes a plurality of tubes through which said 
second fluid passes arranged so that some tubes are im 
mersed in liquid refrigerant and others are not, substan 
tially all of those tubes which are not immersed being 
covered by refrigerant foam when the system is in oper 
ation. 

5. The cooling system of claim 1, wherein said vibra 
tions are produced substantially continuously while 
said system is in operation. 

6. The cooling system of claim 1, wherein said evapo 
rator is of the tube and shell type having the tubes 
thereof arranged in groups with at least one open verti 
cal channel defined between said groups wherein the 
improvement further comprises a blocking member 
disposed across said channel to disperse bubbles that 
tend to rise therethrough. 

7. The system of claim 1, wherein the vibrations pro 
duced have a frequency between approximately 10,000 
and 100,000 cycles per second. 

8. A cooling system comprising an evaporator 
wherein a first fluid is boiled and a second fluid is 
cooled, a means for condensing the boiled first fluid 
without compressing it after it leaves said evaporator, 
means for returning said first fluid from said condens 
ing means to said evaporator, and transducer means for 
producing vibrations at a frequency between 5,000 and 
500,000,000 cycles per second in said first fluid while 
it is in said evaporator whereby the rate of heat ex 
change between said first and second fluids within said 
evaporator is increased substantially. 

9. The cooling system of claim 8, wherein the vibra 
tions produced have a frequency between approxi 
mately 10,000 and 100,000 cycles per second. 

10. The cooling system of claim 8, further comprising 
a foaming agent mixed with the first fluid whereby the 
amount of refrigerant foam produced is substantially 
increased by said vibrations. 
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11. The system of claim 10, wherein the foaming 
agent is an oil and the quantity of the foaming agent is 
equal to between approximately 0.5 and 10 percent by 
weight of refrigerant in the evaporator. 

12. The system of claim 10, wherein the foaming 
agent is an oil and the quantity of the foaming agent is 
equal to at least 2 percent by weight of refrigerant in 
the evaporator. 

13. A method of cooling a liquid including passing a 
refrigerant through an evaporator in which it is brought 
into heat exchange relationship with said liquid, 
whereby said liquid is cooled and said refrigerant is 
boiled, and passing the boiled refrigerant through a 
condenser wherein said refrigerant is cooled, wherein 
the improvement comprises producing vibrations in the 
refrigerant whereby the rate of heat transfer is in 
creased substantially, said vibrations having a fre 
quency between approximately 5,000 and 500,000,000 
cycles per second. 

14. The method of claim 13, wherein said vibrations 
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are induced directly in a wall of said evaporator and 
thus transmitted to said refrigerant. 

15. The method of claim 13 further comprising mix 
ing a foaming agent with the refrigerant in the evapora 
tor, the foaming agent being an oil and being present 
in a quantity equal to between approximately 0.5 and 
10 percent by weight of the refrigerant in the evapora 
tor, the combined effect of said foaming agent and said 
vibration substantially increasing the depth of refriger 
ant foam in the evaporator. 

16. The method of claim 13 further comprising mix 
ing a foaming agent with the refrigerant in the evapora 
tO. 

17. The method of claim 13, wherein the vibrations 
have a frequency between approximately 10,000 and 
100,000 cycles per second. 
18. The method of claim 13 wherein the refrigerant 

is condensed without compressing it. 
sk k k k k 


