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ABSTRACT
A liquid cooling apparatus projects drops of liquid
above an open-air reservoir or conduit in trajectories,

particle sizes, velocities and volume rates which pro
vide a controlled directional wind effect in essentially
one horizontal direction for improved cooling of the
liquid on a continuous basis. The apparatus includes a
plurality of liquid spray members, each adapted to
project liquid drops having drop sizes of at least one
millimeter in diameter in trajectories, substantially all
of which have horizontal components extending in
said one horizontal direction, at initial velocities in the

range from 15 to 45 feet per second, and the spray
members are spaced from each other generally cross
wise of the desired horizontal direction of projection
and have a construction and relative spacing adopted
to spray such drops in that direction at a collective
volume rate corresponding to at least two pounds (2
lbs.) of water per second for each linear foot mea
sured horizontally, along a line perpendicular to said
one horizontal direction, between the endmost spray
members of the apparatus.

21 Claims, 11 Drawing Figures
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LIQUID COOLING APPARATUS

A preferred form of apparatus includes a plurality of
parallel disc-like spray members spaced from each
other along a common horizontal axis of rotation. All
the discs are simultaneously rotated around said axis in
a common angular direction at peripheral speeds in the
range from 20-100 feet per second, and the liquid to
be cooled is fed to at least one surface, and preferably
both surfaces, of each spray member at limited areas
from which the rotation of the spray members carries
the liquid and projects it from a circular periphery of
each spray member at the desired drop velocities and
initial trajectories, substantially all of which have hori
zontal components extending in one common horizon
tal direction to generate the desired wind effect in that
direction. The apparatus can be floated on the surface
of a liquid reservoir or mounted on stationary supports
in or along an edge of a suitable reservoir or conduit.
In one embodiment, means for selective rotation of

such disc-like spray members in either angular direc
tion provides a choice of the direction in which the
wind effect is established. Additional features of con

struction and operation are also disclosed.
CROSS-REFERENCES TO OTHER APPLICATIONS

Certain features described and claimed in the present
application, and additional spray apparatus units and
installations in which such features may be incorpo
rated, are shown in the following copending applica
tions filed on the same date as the present application
and assigned to the same assignee as the present appli

troduce substantial cost factors in the generation of
electric power, whether such towers are used for cool
ing of effluent for complete recirculation, or whether
they are used to reduce the temperature of the cooling
liquid to a point where it can be restored to the original
natural source without undesirably raising the tempera
ture of such source.

Large cooling ponds have also been used for receiv
10

ing heated liquid effluent from the customary heat
exchange apparatus of a plant, but the land area re
quired for effective cooling of large quantities of water
for an electric generating plant of substantial capacity
makes this approach costly.
As shown in a copending U.S. Pat. application, Ser.
No. 47,078, filed June 17, 1970, now issued as U.S.

Pat. No. 3,719,353 and assigned to the same assignee
as the present application, at least one system has been

designed to provide the desired cooling effect by the
use of apparatus which projects substantial quantities
20 of liquid up into the atmosphere from the surface of a
body of liquid, so that the drops of liquid are subjected
to evaporative cooling as they move up in their pro
jected paths or trajectories and then drop back into an
appropriate section of a liquid-receiving reservoir or
25 conduit. The cooling apparatus of that application,
however, projected the particles of liquid upwardly in
such a manner that they were sprayed somewhat uni
formly throughout the area vertically above the spray
members. Thus the drops moved in trajectories having
30 horizontal components extending in a plurality of dif
ferent horizontal directions, including at least two op
posite directions.

cation, i.e.:

SUMMARY OF THE INVENTON
35

Inventor(s)

Title

U.S.
Ser.
Nos.

-------

Leonard J. Boler and
Mandcl. Desnick
(now U.S. Pat. No. 3,856,280)
Leonard J. Boler

Modular Liquid
Cooling Spray
Units
Liquid Cooling
Assemblies

296,778

40

296,779

BACKGROUND OF THE INVENTION

45

Various forms of liquid cooling apparatus have been
previously developed, which are designed to provide a
desired cooling of heated liquids. For example, it has
been customary in many cases to obtain cooling liquids
for electric power generating plants by drawing such
liquids from a nearby stream, lake or other natural wa
ters. In some cases the liquid is returned to the natural
source after the desired cooling operation is complete.
Since such liquid has been used for cooling, its temper
ature at the point of discharge from such a plant is

higher than the temperature of the original source.
Thus there is a possibility of so-called "thermal pollu
tion of the natural waters by reintroduction of liquid
at a higher temperature.
To avoid these problems, the heated liquid effluent
from a cooling operation is customarily subjected to
various types of cooling, and may even be recirculated
to the particular plant and used repeatedly for the de
sired cooling effect within the plant, after the dis
charged heated liquid has been cooled in Some manner.
Thus some installations have been provided with ex
tremely large and expensive cooling towers which in

50
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According to the present invention, it is recognized
that the relative cooling effects of prior systems which
depend at least in part on evaporative cooling of liquid
particles or streams may be subject to substantial varia
tions depending on the particular ambient conditions,
and especially on the presence or absence and the di
rection of any prevailing wind in the area. The present
invention accordingly provides a liquid cooling appara
tus for controlled projection of liquid drops in trajecto
ries, particle sizes, velocities and volume rates which
provide a substantial directional wind effect in essen
tially one horizontal direction for improved cooling of
the liquid on a continuous basis above an open-air re
ceiving reservoir or conduit. The directional wind ef
fect is achieved by providing the apparatus with a plu
rality of liquid spray members, each adapted to project
liquid drops having drop sizes of at least one millimeter
in diameter in trajectories, substantially all of which
have horizontal components extending in said one hori
zontal direction, at initial velocities in the range from
15 to 45 feet per second, and the spray members are
spaced from each other generally cross-wise of the de
sired horizontal direction of projection and have a con
struction and relative spacing adapted to spray such
drops in that direction at a collective volume rate cor
responding to at least two pounds (2 lbs.) of water per
second for each linear foot measured horizontally,
along a line perpendicular to said one horizontal direc
tion, between the endmost spray members of the appa
ratus.

The maximum wind effect is achieved by directing
the liquid drops along trajectories which have very sub
stantial horizontal components in the desired wind di
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rection. It is also necessary to select such trajectories,
however, so that the drops will remain in the air long
enough to achieve the desired degree of evaporative
cooling. Thus when the drops are projected from a
level at, or close to the surface of a receiving reservoir
or conduit, or when a maximum cooling time is desired,
the initial trajectories of most of the drops should be

4.
other along a common horizontal axis of rotation. The
spray members are simultaneously rotated around said

axis in a common angular direction of rotation at pe

5

directed somewhat above the horizontal. When the

drops are projected from a level sufficiently above the
receiving surface, some horizontal wind effects can be
achieved by orienting the spray members to project
such drops initially along paths somewhat below the

10

horizontal direction of the desired wind effect.

horizontal.

As a practical matter, the initial trajectories of sub
stantially all of the drops should be directed within at
least part of a diverging zone extending from a maxi

15

conditions. Also, by adjustment of the particular area
to which liquid to be cooled is fed to the surface of each

spray member, the liquid can be projected with hori
Zontal components corresponding either to the tangen

25

In another form of the invention, rotary spray mem
bers are supported in an open-topped trough which has
35

40

45

50

with at least one bottom sump or drainage section in
which a spray member of greater diameter projects
trough is designed to provide a gutter or drainage chan
nel from the trough portions immediately below the
majority of the spray members of normal diameter, and
the liquid which passes from the main trough portion
to the sump portion is then projected centrifugally and
thus removed from the sump portions of the trough by
one or more spray members or rotors of greater diame
ter. In this manner, any accumulation of liquid within
the trough is steadily removed during the operation, so
that the spray members receive liquid only at the lim
ited areas which are designed to insure projection of
most of the liquid in trajectories substantially all of
which have horizontal components extending in only
one common horizontal direction.

Other features and advantages of the invention will

55

be apparent from the following more detailed descrip
tion of the preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

60

on a continuous basis, even where the ambient air cur

rents are negligible and would not otherwise remove
that portion of the ambient air which is gradually satu
rated with water vapor as a result of the projection of
liquid drops into such ambient air.
A preferred form of apparatus includes a plurality of
parallel disc-like spray members spaced from each

a main cylindrical bottom portion closely fitting the
lower circular peripheries of the spray members, but
from the common axis of rotation. The bottom of the

tion of the direction, with reference to normal or ex

pected ambient air current conditions, the apparatus of
the present invention provides more effective cooling

tial direction of movement of the uppermost part of
each spray member or the opposite tangential direction
of the movement of the lowermost part of each such ro
tary spray member. The invention further provides a
mechanism for adjustment of the relative areas at
which the liquid to be cooled is fed to such spray mem
bers.

than 70 from the desired horizontal wind direction.

More specifically, each spray member is constructed
and oriented according to the invention to project its
liquid drops in trajectories initially extending from each
spray member within at least part of a diverging conical
zone having a maximum conical vertex angle of sub
stantially 140 as measured at the spray member, said
diverging conical zone having a central longitudinal
axis of revolution extending from its spray member
along the desired horizontal wind direction.
By insuring the projection of all or most of the drops
of liquid in such a manner that all of them move to
some degree in a single horizontal direction, even
though the drops also move vertically upwardly or
downwardly, or even somewhat laterally, depending on
their initial direction of projection and the effect of
gravity, the present invention makes it possible to gen
erate a wind effect in that particular direction. In ef
fect, the drops push or draw the surrounding air in the
horizontal direction in which such drops are projected.
Thus, as the immediately surrounding air provides
evaporative cooling of the drops and gradually picks up
a certain additional content of moisture vapor as the
result of such cooling, the generated wind effect draws
fresh air in from the opposite direction and thus main
tains a constant current of ambient cooling air in the
direction of projection of the drops. By proper selec

In one form of the invention, the driving mechanism
for rotation of the liquid spray members can drive such
members selectively in either of two opposite direc

tions of rotation, so that the desired wind effect from
the apparatus can be selectively directed in either one
of two opposite directions, depending on the ambient

mum of 70 above to a maximum of 70 below the de

sired horizontal wind direction, as measured at each

spray member. For optimum wind effect and cooling
time, each spray member should be oriented to project
most of such liquid drops in trajectories extending
above the horizontal within this diverging zone.
Preferably, each spray member should also be ori
ented to direct its liquid drops along trajectories which
not only extend within such a vertically diverging zone,
but which also have their horizontal components ex
tending along or nearly parallel to the desired horizon
tal wind direction. Here again some lateral tolerance
can be accepted, but as a practical matter, these hori
zontal components should not diverge laterally more

ripheral speeds in the range from 20-100 feet per sec
ond, and the apparatus includes means for feeding liq
uid to be cooled to at least one surface, and preferably
both surfaces, of each spray member at a limited area
from which the rotation of the spray members carries
the liquid and projects it from a circular periphery of
each spray member at the desired drop velocities and
initial trajectories, substantially all of which have hori
Zontal components extending in only the one common

In the drawings which form a part of this application,
and in which like members indicate like parts,
FIG. 1 is a perspective view of a preferred liquid
cooling apparatus according to the invention, in which
the spray members are supported within a trough which
in turn is adapted to be floatingly supported on the sur

face of a liquid reservoir or conduit;
65

FIG. 2 is a partial sectional view on line 2-2 of FIG.

6;

FIG. 3 is a view similar to FIG. 2, taken on line 3-3
of FIG. 6;
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FIC, 4 is a partial view on the line 4-4 of Flci. 2;
FG, 5 is an end view of the device of FIG, , taken
from the left of that figure;
FIG, 6 is a partial top view of the left end portion of

6

distances in the range from three to eight inches or
more, preferably four inches, depending on other fac
tors as discussed below.

the device of FG, i.

5

FIG, 7 is a side view of a modified liquid cooling ap
paratus according to the invention, in which the appa
ratus is designed for stationary support along the cdge
of a receiving reservoir or conduit for cooled liquid;
FIG, 8 is an enlarged sectional view taken on the line

()

8-8 of FIG. 7 showing dctails of the manner in which

liquid is fed to a limited area of the rotary spray mem
bers and is centrifugally projected from such members
with horizontal components in the tangential direction
of movement of the uppermost peripheral portions of

15

each spray member;
FIG. 9 is an enlarged view similar to FIG, 8 showing
details of the manner in which liquid is fed to specific
areas of the spray members to project such liquid with

The invention further provides means for feeding liq
uid to be cooled to at least one surface of each spray
member at a limited area from which the rotation of the
spray member carries the liquid and projects it in a plu
rality of trajectories, substantially all of which have
horizontal components extending in one common hori
Zontal direction from the spray members, as shown, for
example, by the arrow 24 in FIGS. 5 and 6. For this
purpose, a plurality of liquid supply conduits 26 extend
into the spaces between adjacent discs 19, and a further
supply conduit 27 extends into the space adjacent the
disc 19 which is next to cach end of the assembly as
shown in FIG.S. Conduits 26 have T-shaped ends with
delivery nozzles 28 and 29 which feed the liquid to be

cooled to only limited predetermined areas of the re
spective discs 19 and the inside surfaces of discs 19.

horizontal components in the tangential direction of 20 Similarly, conduit 27 has a discharge nozzle 31 for de

movement of the lowermost peripheral portions of
each spray member;
FIG, .0 is a schematic view similar to FIG. 9, showing
the manner in which the horizontal direction of projec
tion of liquid can be selectively changed by reversal of
the direction of rotation of the spray members; and
FIG.

livering liquid to a similar area at the outside of its disc
19.

25

is an end view of another embodiment in

which the spray members include a row of liquid spray
ing nozzles oriented to project liquid drops in paths
which provide a desired directional wind effect accord
ing to the invention.

30

EMBODIMENTS

members 13 and 14 respectively. Float members 11
and 12 are made with sufficient buoyancy to support

35

40

the apparatus on the surface of a body of fluid, for ex

17 of the device. The trough includes a main body or
rotor trough portion 32 (FIGS. 2, 3 and 5) which has
a cylindrical main bottom portion 33 fitting closely
around the lowermost peripheries of the spray mem
bers 19. The upper edges 34 and 36 of the trough mem
ber are suitably formed as shown in FIG. 2 to fit over

ample in a conduit or reservoir. The end frame mem

bers are connected to each other by the floats and by
reinforcing frame membes 16 and 17, with one or more
bridging reinforcements 8. Lifting bolts 20 are pro
vided for convenient crane handling.

A plurality of spray members 19 are positioned be

the frame members 17 and 16.

tween frame members 6 and 7. In this embodiment,

the spray members are in the form of substantially flat
circular disc-like plates secured to a rotary shaft 21

which has its axis of rotation extending horizontally and

essentially parallel to frame members 16 and 17. Sup
porting shaft 21, and the spray members 19 which are
carried by it, are rotatably supported and driven in an
gular rotation by an appropriate motor 22, which is
preferably a hydraulic motor of substantially known

55

construction. One or more such motors is supported at
23 on an end frame member 13, 24. If desired, an ap

propriate flexible coupling (not shown) may be in
supporting shaft 21 for the spray members. Thus the
hydraulic motor 22 serves as means for simultaneously
rotating the spray members 19 around the axis of shaft
cluded between the shaft of motor 22 and the common

21 in one common angular direction of rotation. In the

embodiment shown in FIGS. 1-6 the spray members
have individual diameters of 18 inches and are Spaced

from each other along their common axis of rotation by

liquid from the reservoir is constantly fed through con
spray members. Slidably adjustable valve plates 25
(FIG. 4) provide means for controlling and adjusting
the rate of flow of liquid to the spray members.
In the specific floating apparatus of FIGS. 1-6, the
present invention further provides mechanism for limit
ing the fluid delivery from the reservoir to only those
desired limited areas of the spray members which will
provide the desired path of projection for the drops of
liquid centrifugally projected by such members. For
this purpose, the apparatus 10 includes a longitudinally
extending rotor trough, which is an open-topped trough
with its upper edges secured to frame members 16 and
duits 26 and 27 to the selected limited areas of the

DESCRIPTION OF THE PREFERRED

A preferred embodiment of the present invention is
shown in FIGS. 1-6. The liquid cooling apparatus 10,
shown generally in FIG. 1, includes two parallel float
members 11 and 12 secured to end frame or bridge

The opposite ends of liquid delivery conduits 26 and
27 are supported on the assembly in such a manner as
to be open to the liquid within the reservoir on which
the cooling apparatus 10 is adapted to float. Thus the

60

Although most of the main bottom portion 33 fits
closely around the bottom peripheries of the discs 19,
the trough member 32 has a downwardly depressed
gutter or drainage channel 37 which extends lengthwise
of the trough parallel to and directly below the shaft 21.
The gutter 37 is provided, according to the invention,
to remove undesired liquids from the area of the spray
members 19, so that the spray members will not dip
into any such liquid within the trough, but will receive
liquid only from the feeder conduits 26, 27 with their
spouts 28, 29, 31. As shown particularly in FIGS. 2 and
4, the feed spout members 26 have open ends at 38

through which liquid from the reservoir can readily

flow into the spout 26 and against the selected areas of
the spray members 19, at volume rates controlled by
valve member 25.

65

-

Since the feed spouts, such as 26, are constantly open
at 38 to the liquid within the reservoir, there will be a
constant flow of liquid against the spray members 19
within trough 32. Thus, when spray members 19 are

3,904,713
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To achieve the desired wind effects, liquid is fed to
the spray members at volume rates which, when the
axial spacing of the rotary spray members is taken into
account, sprays the drops in the direction of arrow 24
at a collective volume rate corresponding to at least 2
pounds of water per second for each linear foot mea
sured, horizontally, along the axis of shaft 21, between
the end most spray member 19' and 19'. Thus the drops

this shaft, a plurality of spray members 62, essentially
identical to spray members 9 previously described,
are secured for rotation in a common angular direction
by shaft 6. For this purpose, the shaft is suitably cou
pled to a driving motor 63, which is illustrated as an
electric motor having an electric supply cable 64 con
nected through a control panel 66 to a suitable source
of electric current at 67. Control panel 66 includes suit

essentially fill a substantial cross-section or frontal area

able connections for a speed control knob 68 to adjust

of the space above the reservoir, as they diverge verti
cally within the specified zone. The movement of the
sprayed drops of liquid throughout such a frontal area
in effect physically pushes or drags some of the air
above the reservoir in the direction of arrow 24 and
draws additional air from the other side of rotor axis 45 15

across the rotor in the same direction.

In this way, instead of projecting particles of liquid at
random in each of two opposite horizontal directions
perpendicular to the axis of the spray members, the
present invention provides a unidirectional flow of liq
uid particles which are thus instrumental in establishing
a definite directional wind effect parallel to arrow 24.
This directional wind effect brings fresh air into the
area of liquid projection to replace the original air
which gradually becomes more saturated with moisture
vapor as a result of evaporative cooling of the projected
drops in the air above the reservoir. The projection of
liquid particles in this special manner according to the
invention thus tends to maintain the cooling efficiency
of the apparatus even under conditions in which there
is no natural wind or air current moving in the direction
or arrow 24 to remove the air of higher moisture con
tent and replace it with fresh and dryer air. The effi

the rate of rotation of shaft 6i and spray members 62,
as well as a reversing control knob 69 which can be op
erated to cause rotation of the shaft 6i selectively in
either angular direction of rotation.
In this case, the means for feeding liquid to limited
areas of the spray members 62 include the conduits 7
which are suitably connected at one end to the interior

20

25

of supply conduit 51, and which have discharge spouts
72 for directing the liquid to be cooled against the de
sired limited areas of the circular, disc-like spray mern
bers 62. For convenience, conduit 71 has been shown

in FIGS. 7 and 8 and projecting directly and rigidly up
wardly from supply conduit 5 to the desired limited
areas of liquid feeding. It should be understood, how
ever, that conduit 7 and its outlet spout 72 may be
movably supported in the manner more specifically
shown in FIG. 9, for desired selective adjustment of the
exact areas of spray members 62 to which liquid is to
be directed for different directions of rotation, and/or

30

for different desired points of liquid projection.
As shown in the embodiment of FIG. 8, the apparatus
is again designed and operated to rotate the spray

members 62 in the direction of arrow 73 and thus

project the desired sized particles of liquid from the up
permost portions of the periphery 72 of members 62,
a level more nearly comparable to that which can be 35 i.e. a projection of liquid in the general horizontal di
achieved with the additional cooling effect of normal rection toward which these uppermost spray member
ambient winds above the reservoir. In this device the
portions are moving. FiG. 8 shows some of the typical
direction of rotation of the spray members and the par trajectories of liquid particles projected in this manner.
ticular location of the area of liquid feeding to the spray 40 Thus essentially all of the projected particles will be
members are chosen and selected so as to project the projected toward the right of FIG. 8, and no substantial
liquid generally in the horizontal direction at which the amount of liquid is projected to the rear, i.e. to the left
uppermost periphery of each spray member is moving. of the perpendicular reference line 76. Moreover, the
This arrangement is particularly desirable in cases point of discharge of the liquid from supply conduit 7
where the lower portion of such a rotary spray member 45 is selected and adjusted so that essentially no portion
does not have clear horizontal access to the atmo
of the liquid is carried all the way around by the spray
sphere. In this case, for example, the lower portions of member to a point extending rearwardly or to the left
each spray member are substantially enclosed within of the downward perpendicular reference line 77 at the
the trough 32 of the floating apparatus, and it is very opposite side of the disc. Thus essentially all of the liq
advantageous to utilize the gravity flow of liquid from uid projected by this apparatus is adapted to be pro
the reservoir through the feed conduits 26 and 27 by 50 jected with some horizontal component of velocity
maintaining the lower portions of the rotor below the toward the right. In some cases, as shown by the in

ciency of cooling of the apparatus is thus maintained at

reservoir surface 39.

Another embodiment of the invention is shown in

FIGS. 7 to 9, in which the spray members are mounted

on a stationary support above ground level at an edge
of a suitable receiving reservoir of conduit for the
cooled liquid. Thus, as shown in FIG. 7, a supply con
duit 51 is supported above the ground level 52 by suit

able supports 53. This supply conduit or header pipe 51
receives heated liquid, which is to be cooled by the
present apparatus, through an inlet end 54 and may
feed any excess of heated liquid through an outlet 56

55

farther around the direction of rotation of members 62

may have an inclined path indicated at 52 in which the

60

to similar further units downstream along the conduit

51.

Supporting brackets 57 and 58 are secured on the
upper surface of conduit 51 and provide bearings such
as 59 for a horizontal rotary supporting shaft 61. On

clined path of projection at 78, particular drops will
have a somewhat larger component 79 of horizontal ve
locity than the vertical component 8, which in this
case is directed upwardly. On the other hand, some
particles which are projected from peripheral points

65

horizontal component of velocity at 83 is substantially
less than the downward vertical component at 84.
Those particles which are projected outwardly from the
top of members 62 is a generally horizontal direction,
will of course have the greatest horizontal component
of Velocity and initially a negligible vertical component.
The desired horizontal wind direction is shown in

FG. 8 by arrow 92. Dotted arrows 92a and 92b show

the practical upper and lower limits of the vertically di
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the axis 97. As illustrated, a plurality of adjusting open
ings 99 in member 96 may be provided for selective
alignment with a corresponding opening in member 98.

verging zone within which substantially all of the pro
jected drops should be initially directed. These maxi
mum angles are 70 above and 70 below the desired

A locking key 101 is then pushed through aligned

horizontal wind direction 92.

openings, after the desired angular adjustment is ob

As shown in FIG. 8, the cooling apparatus of this em
bodiment is supported along one edge 86 of a receiving
reservoir or conduit defined by appropriate side walls
87 and bottom wall 88. The cooled liquid received in
10

tained, to hold the parts in the adjusted angular posi
tion. Thus the vertical location of the discharge spout
72 can be adjusted as shown in the heavy line and vari
ous dotted line positions of FIG. 8.
For horizontal adjustment of the limited area of liq
uid feeding, the carrier 98 is supported for horizontal
movement toward and away from shaft 61 as shown by
arrow 102. An appropriate rack portion 103 on carrier
98, and a driving pinion 104 on a stationary portion of

ble to draw desired directional air currents across the 5

the apparatus, can be used to move the carrier 98, con

reservoir in the common horizontal direction shown by
arrow 92, with some of the air currents passing above
the spray members 62 and other air currents passing

duit 71, and discharge spout 72 to the desired adjusted
horizontal location. Thus a combination of adjustments
at 104 and 97 can be used to position the discharge
spout 72 at either of the limited areas previously de
scribed, as well as other adjacent areas. As further
shown in FIG. 9, the fixed liquid supply conduit portion
71 is connected by a flexible conduit section 106 to the
main supply conduit or header pipe 51.

this reservoir is shown at 89.

By supporting the spray members 62 at a substantial
distance above the ground 52, and by providing some
appropriate vertical clearance at 91 below the supply
conduit 51 and above the ground level, the liquid cool
ing apparatus shown in this embodiment makes it possi

beneath the supply conduit 51 through space 91. Thus
a greater vertical cross-section of sprayed particles and
a correspondingly greater area of air movement can be
achieved by supporting this embodiment above the
ground, than is possible in the case of the partially sub
merged embodiment of FIGS. 1-6.
As illustrated in FIG. 9, it is also possible to operate

FIG. 10 is a schematic view similar to FIGS. 8 and 9,
25

which illustrates the manner in which selective rotation

of spray member 62 in each of two opposite angular di
rections of rotation can be used to change the common

this embodiment of the invention in such a manner that

the desired sized drops of liquid are projected in a com
mon horizontal direction shown by arrow 93 in which
the horizontal component of movement of the particles

horizontal direction in which the desired wind effect is

obtained. Thus, with the liquid delivery spout 72 ad

is in the same direction as the tangential direction in 30 justed to a limited area of liquid feeding located di
which the lowermost portion of the periphery of each rectly below the axis of rotation of the spray members,

spray member 62 is rotated. The direction of rotation
of the spray members in FIG. 9 is shown by arrow 94.
In this case, the details of supply conduit 71 are shown
in such a manner that the point of discharge from its
discharge spouts 72 to the spray member surfaces can
be readily adjusted from the area shown in FIG. 8 (and

rotation of the members 62 in a counter clockwise di

rection as shown by the full-line arrow in FIG. 9 will

35

also shown in dotted outline at 95 in FIG. 9) to another
limited area of the spray member surface as shown in

heavy lines in FIG. 9. Thus, for purposes of projection
in a horizontal direction corresponding to the tangen

40

tial direction of movement of the lower portion of each
rotary spray member 62, the preferred limited area for

liquid feeding is located vertically below the shaft axis
61. Here again, some variation in the exact location can
be tolerated, although I have found that good results

are obtained at peripheral speeds in the range from 20
to 100 feet per second, if the limited area of liquid dis
charge is located on the spray member surface within
a radial angle measured at the axis of rotation and ex
tending substantially 10 each way from the vertical.
The radial distance of this liquid feeding area below the
axis of shaft 61 may also be varied, and I have found
that particularly good results are achieved when this
limited area of liquid feeding is further located at a ra
dial distance in the range from 0.6r to 0.9r below the
axis of rotation, where r again is the radial distance
from the axis of rotation to the circular periphery of the
spray member.
The desired adjustment of the location of spray dis
charge point 72 is achieved by supporting the rigid sup

justing means for selectively positioning member 96
and conduit 71 at different angular positions around

posite direction, i.e. clockwise, as shown by the dotted

arrow in FIG. 9, will project the liquid particles along
paths which have horizontal components extending
toward the left of the figure. Here again, the common
horizontal direction of movement of the particles is the

45

same as the direction of movement of the lowermost

portions of the peripheries of spray members 62.
Although the present invention has been described
primarily with reference to a plurality of spray mem
bers which have been shown in the form of flat circular

50

discs spaced along a common axis of rotation perpen
dicular to such discs, other spray members capable of

providing its necessary drop sizes, projection velocities

and volume rates of flow can be used to achieve the di
55
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rectional wind effect according to the present inven
tion. Thus, as shown in FIG. A., spray members in the
form of spray nozzles
may be used. These spray
nozzlels 11 are adjustably supported for pivotal move
ment at 12 on supporting members 13 somewhat
above the ground level 14 at one edge of a suitable

reservoir or conduit 16 for receiving the cooled parti
remaining nozzles being located along the edge of res

cles of liquid. Only one nozzle is visible in FIG. 11, the
ervoir

ply conduit portion 71 on a tiltable support member 96

which is pivoted at 97 for rotation on an axis generally
parallel to shaft 61. Member 96 is pivoted at 97 to a
movable carrier 98, and members 96 and 98 have ad

project liquid particles tangentially toward the right,
i.e. along paths which have horizontal components ex
tending in the direction of movement of the lowermost
portions of the peripheries of spray members 62.
Conversely, rotation of spray members 62 in the op
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6 directly behind the visible nozzle

1.

Liquid to be cooled is supplied at appropriate pres
sure to such nozzles by appropriate pumping means
117 which draws heated liquid through a conduit 128

extending into a nearby reservoir or channel i. 19 in
which heated liquid has been discharged, for example,
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from the heat exchangers of an operating plant, such as
an electrical generating plant. By adjustment of the de

14
Said trajectories, substantially all of which have hori
Zontal components extending in one common horizon

gree of atomization of the nozzle 1 and its vertical
angle of projection of particles above reservoir 116,
and by appropriate spacing of the additional nozzles
111 along the edge of receiving reservoir 116, the liq
uid cooling apparatus of FIG. can project substan
tially all the desired liquid particles in paths which have
their horizontal components extending in one common
horizontal direction as illustrated by arrow 121. Thus
the directional wind effect from left to right in FIG. 1
can be achieved in essentially the manner previously
described. Whether a pump and nozzle system as
shown in FIG. i. 1 or one of the rotary spray member
systems as shown in FIGS. 1-10 should be used will de
pend in part on the particular volumes of liquid to be
cooled, the relative costs of pumping such liquid, the
available vertical elevations which may provide ade
quate gravity feed of the heated liquid, and other fac
tors which will be apparent to those skilled in the art
now that the teachings of the present invention have
been made available. The present specification has ac
cordingly described the principles of operation of the

tal direction.

present invention and disclosed some of the embodi
ments by which the invention may be practiced, includ
ing the best mode presently contemplated by the inven

5

mum of 70 above to a maximum of 70 below the hori
O

5

5. A liquid cooling apparatus according to claim 1 in
which each spray member is constructed and oriented
to project its liquid drops in trajectories initially ex
tending from each spray member within at least part of
a diverging conical zone having a maximum conical
25
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struction and relative spacing adapted to spray Such
drops in said one horizontal direction in trajectories
substantially all of which are initially directed within a
zone extending above the open-air reservoir and below
a maximum of 70 above the horizontal, as measured

at each spray member, and at a collective volume rate
corresponding to at least 2 lbs. of water per second for
each linear foot measured horizontally, along a line
perpendicular to said one horizontai direction, between
the endmost spray members of said apparatus, and
thereby essentially filling a substantial frontal cross Sec

40
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6. A liquid cooling apparatus for controlled projec
tion of liquid drops above an open-air receiving reser
voir in trajectories, particle sizes, velocities and volume
rates providing a directional wind effect in essentially
one horizontal direction for improved cooling of the
liquid on a continuous basis, said apparatus comprising
a plurality of liquid spray members each adapted to
project liquid drops having drop sizes of at least one
millimeter in diameter in trajectories, substantially all
extending in said one horizontal direction, at initial ve
locities in the range from 15 to 45 feet per second, and
said spray members being spaced from each other gen
erally crosswise of said one horizontal direction and
having a construction and relative spacing adapted to
spray such drops in said one horizontal direction in tra
jectories substantially all of which are initially directed
within a zone extending above the open-air reservoir
and below a maximum of 7O above the horizontal, as
measured at each spray member, and at a collective
volume rate corresponding to at least 2 lbs. of water per

50
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tion area of the space above the reservoir in said one
horizontal direction beyond said spray members, Said

liquid spray members comprising a plurality of rotat
able spray members mounted for rotation around a
generally horizontal common axis of rotation, means
for simultaneously rotating said spray members around
said axis in one common angular direction of rotation,
and means for feeding liquid to be cooled to at least
one surface of each spray member at a limited area
from which the rotation of the spray members carries
the liquid and projects it from each spray member in

spray member, said diverging conical zone having a

of which have very substantial horizontal components

one horizontal direction, at initial velocities in the

wise of said one horizontal direction and having a con

vertex angle of substantially 40 as measured at the
central longitudinal axis of revolution extending from
its spray member along said one horizontal direction.

1 claim:

range from 15 to 45 feet per second, and said spray
members being spaced from each other generally cross

Zontal as measured at each spray member.
3. A liquid cooling apparatus according to claim 2 in
which each spray member is oriented to project most
of said liquid drops in trajectories which extend above
the horizontal within its diverging zone.
4. A liquid cooling apparatus according to claim 3 in
which substantially all of said trajectories have horizon
tal components extending in only said one horizontal
direction.

tor for carrying out the invention.

1. Liquid cooling apparatus comprising an open-air
receiving reservoir, a source of heated liquid and liquid
projection means for controlled projection of liquid
drops of said heated liquid above said open air receiv
ing reservoir in trajectories, particle sizes, Velocities
and volume rates providing a directional wind effect in
essentially one horizontal direction for improved cool
ing of said heated liquid on a continuous basis, said liq
uid projection means comprising a plurality of liquid
spray members each adapted to project liquid drops
having drop sizes of at least one millimeter in diameter
in trajectories, substantially all of which have a very
substantial horizontal components extending in Said

2. A liquid cooling apparatus according to claim in
which said spray members are constructed and ori
ented to project the liquid drops in trajectories, sub
stantially all of which are initially directed within at
least part of a diverging zone extending from a maxi
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second for each linear foot measured horizontally,
along a line perpendicular to said one horizontal direc
tion, between the endmost spray members of said appa
ratus, and thereby essentially filling a substantial fron
tal cross section area of the space above the reservoir
in said one horizontal direction beyond said spray
members, said liquid spray members comprising a plu
rality of parallel disc-like members spaced from each
other along a common axis of rotation and having cir
cular peripheries concentric with the axis of rotation,
said axis of rotation being generally horizontal and per

pendicular to said spray members, means for simulta
neously rotating said spray members around said axis
in one common angular direction of rotation at periph
eral speeds in the range from 20 to 100 feet per second,
and means for feeding liquid to be cooled to at least
one surface of each spray member at a limited area
from which the rotation of the spray members carries

the liquid and projects it from each spray member pe

3,904,713
6
have horizontal components extending in said one hori
zontal direction, at initial velocities in the range from
15 to 45 feet per second, and said spray members being
spaced from each other generally crosswise of said one
horizontal direction and having a construction and rel
ative spacing adapted to spray such drops in said one

5
riphery in said trajectories, substantially all of which
have horizontal components extending in one common
horizontal direction.

7. Liquid cooling apparatus according to claim 6 hav

ing means for supporting said spray members with said

axis of rotation extending along one edge of a reservoir
adapted to receive cooled liquid and with said common
horizontal direction extending from said axis across
said reservoir, thereby projecting said liquid into said
reservoir in a manner providing a directional wind ef
fect from said apparatus across said reservoir for effec

horizontal direction at a collective volume rate corre

sponding to at least 2 lbs. of water per second for each
linear foot measured horizontally, along a line perpen
10

tive continuous projection and cooling of the liquid.
8. Liquid cooling apparatus according to claim 6 in

which the means for feeding liquid is selectively adjust
able along the spray member surface to adjust said lim
ited area both horizontally and vertically with respect

15

to the axis of rotation.

9. Liquid cooling apparatus according to claim 6 hav
ing means for selectively rotating said spray members
around said axis in each of two opposite angular direc
tions of rotation.

10. Liquid cooling apparatus according to claim 6 in
which said one common horizontal direction is the tan

gential direction in which the uppermost portion of 25
each spray member periphery is rotated.
11. Liquid cooling apparatus according to claim iO
in which said limited area of liquid feeding is spaced

horizontally from the axis of rotation on that side of the

axis at which the direction of rotation of said spray
member surface is directed upwardly.

2. Liquid cooling apparatus according to claim 11
in which said limited area of liquid feeding is further lo
cated on said spray member surface within a radial

angle measured at the axis of rotation and extending

substantially 10° above and below the horizontal.
13. liquid cooling apparatus according to claim 12
in which said limited area of liquid feeding is further lo
cated on its spray member surface at a radial distance
in the range from 0.6r to 0.9r from the axis of rotation,

where r is the radial distance from the axis of rotation
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to the circular periphery of the spray member.
14. Liquid cooling apparatus according to claim 6 in
which said one common horizontal direction is the tan

dicular to said one horizontal direction, between the

endmost spray members of said apparatus, said appara
tus and spray members further comprising a plurality of
parallel disc-like spray members spaced from each
other along a common axis of rotation and having cir
cular peripheries concentric with the axis of rotation,
said axis of rotation being generally horizontal and per
pendicular to said spray members, means for simulta
neously rotating said spray members around said axis
in one common angular direction of rotation at periph
eral speeds in the range from 20 to 100 feet per second,
and means for feeding liquid to be cooled to at least
one surface of each spray member at a limited area
from which the rotation of the spray members carries
the liquid and projects it from each spray member pe
riphery in said trajectories, substantially all of which
have horizontal components extending in one common
horizontal direction, and in which apparatus said spray
members are supported for rotation within an open
topped trough having a main cylindrical bottom por
tion generally concentric with said axis of rotation and
fitting closely around at least the lowermost portions of
the spray member peripheries, means for supporting
said trough and spray members in a body of liquid to
be cooled, with the limited area of liquid feeding posi
tioned below the expected normal liquid level in said
body and with the top of the trough extending above
such expected liquid level, said means for feeding liq
uid including a conduit extending to each such limited
area from a point outside the trough and below the ex
pected normal liquid level, said conduit at least partly
filling the trough when said spray members are station
ary, said trough having at least one bottom sump por
tion at a greater radial distance below the axis of rota
tion than said main cylindrical bottom portion, and at
ieast one of said spray members having a greater radius
than the remaining spray members and extending

gential direction in which the lowermost portion of 45 downwardly into said bottom sump portion for substan
tially emptying the trough by centrifugal projection of
each spray member periphery is rotated.
5. Liquid cooling apparatus according to claim 14 liquid from the sump portion during rotation of the
in which said limited area of liquid feeding is spaced
vertically below the axis of rotation.

16. Liquid cooling apparatus according to claim 15

in which said limited area of liquid feeding is further lo
cated on said spray member surface within a radial

angle measured at the axis of rotation and extending
substantially 10° each way from the vertical.
17. Liquid cooling apparatus according to claim 16
in which said limited area of liquid feeding is further lo
cated on said spray member surface at a radial distance
in the range of from 0.6r to 0.9r below the axis of rota
tion, where r is the radial distance from the axis of rota
tion to the circular periphery of the spray member.

18. Liquid cooling apparatus for controlled projec
tion of liquid drops in trajectories, particle sizes, veloci
ties and volume rates providing a directional wind ef
fect in essentially one horizontal direction for improved
cooling of the liquid, said apparatus comprising a plu
rality of liquid spray members each adapted to project
liquid drops having drop sizes of at least one millimeter
in diameter in trajectories, substantially all of which
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spray members.
19. Liquid cooling apparatus according to claim i8
in which the means for supporting said trough and
spray members includes at least one float member hav
ing a buoyancy supporting the apparatus on the surface
of said liquid at a first partially submerged level when
the spray members are rotating to empty said trough
and at a second more deeply submerged level when the
spray members are stationary.
20. Liquid cooling apparatus according to claim 19
in which said trough has a sump portion at each end,
and in which one spray member at each end of the axis
of rotation has a greater radius than the remaining
spray members and extends into the corresponding
sump portion at its end of the trough.
21. Liquid cooling apparatus according to claim 20
in which the main cylindrical bottom portion of the
trough has a common drainage channel extending be
tween the sump portions below the remaining spray
members for removal of liquid from the main bottom
portion during rotation of the spray members.
ck
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