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(54) INJECTOR TYPE COOLING TOWER

1) We, BALTIMORE AIlrcoi. CoM-
PANY Inc, a Corporation organized and
existing under the laws of the State of Del-
aware, United States of America, of Monte-
video Road, Tessup, Maryland, United States
of America, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it is
to be performed, to be particularly described
in and by the following statement: —

This invention relates to evaporative heat
exchangers. In particular the invention re-
lates to improvements in the heat exchangers
of our Application MNo. 1,299,922, In the
said Application we described and claim—
an evaporative heat exchanger including a
longitudinally extending conduit having an
axis which extends substantially horizontally,
said conduit having an inlet end exposed to
atmosphere and an outlet end, means to
spray water into the inlet end of the conduit
to entrain air through the inlet to flow
through the conduit, the outlet end of the
conduit communicating with the atmosphere
is in effect a cooling tower in the form of an

_injector wherein water to be cooled functions

and with a water collector, This apparatus
to pump the air, which cools the water by
evaporation. There is a large air-water inter-
face and some of the water which pumps the
air is evaporated, and the latent heat for this
evaporation is extracted from the remainder
of the water which is then collected in a
sump on the exhaust side of the injector.
The evaporated water saturates the air and
this air bearing the extracted heat is ex-
hausted to atmosphere.

The present invention provides in one as-
pect an evaporative heat exchanger includ-
ing a longitudinally extending conduit hav-
ing an axis which extends substantially hori-
zontally, said conduit having an inlet end
exposed to atmosphere and an outlet end,
means to spray water into the inlet end of
the conduit to entrain air through the inlet
to flow through the conduit, the outlet end
of the conduit communicating with the atmo-
sphere and with a water collector, and in-

[Price 25p]

cluding mist climinators to strip water from
air passing through the conduit towards the
outlet end, the mist eliminators comprising
at least two groups of substantially parallel
strips spaced apart across the conduit, the
strips of one group being substantially ver-
tical and another group of strips being spaced
from the one group along the axis of the
conduit, such that in use entrained water is
stripped from the air flowing down the con-
duit and flows into the water collector.

The present invention provides in another
aspect an evaporative heat exchanger includ-
ing a longitudinally extending conduit having
an axis which extends substantially hori-
zontally, said conduit having an inlet end
exposed to atmosphere and an outlet end,
mcans to spray water into the inlet end of
the conduit to entrain air through the inlet
to flow through the conduit, the outlet end
of the conduit communicating with the atmo-
spherc and with a water collector, and in-
cluding baffle means at the outlet end, said
baffle means comprising a plurality of up-
wardly curved plates exicnding transversely
of the outlet.

The present invention provides in another
aspect evaporative heat exchange apparatus
including at least two evaporative heat ex-
changers, each including a longitudinally ex-
tending conduit having an axis which ex-
tends substantially horizontally, each said
conduit having an inlet end exposed to atmo-
sphere and an outlet end, means to spray
water into the inlet end of the conduits to
entrain air through the inlets to flow through
the conduits, and the outlets of the conduits
communicating with respective water collec-
tors and with a single central upwardly ex-
tending stack open to the atmosphere.

The present invention provides in another
aspect evaporative heat exchange apparatus
including at least two evaporative heat cx-
changers, each including a longitudinally ex-
tending conduit having an axis which extends
substantially horizontally, each said conduit
having an inlet end exposed to atmosphere
and an outlet end, mecans to spray water
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into the inlet ends of the conduits to entrain
air through the inlets to flow through the
conduits, the outlet ends each commaunicating
with the atmosphere and with a water
collector, wherein the heat exchangers are
located one above the other, and the water
collector of the upper heat exchanger is
connected to the water collector of the lower
heat exchanger to pass water thereto, and
the apparatus including means to pass water
from the lower water collector to the spray
means of both heat exchangers.

The present invention provides in another
aspect an evaporative hcat exchanger in-
cluding a longitudinally extending conduit
having an axis which extends substantially
horizontally, said conduit having an inlet
end exposed to atmosphere and an outlet
end, means to spray water into the inlet end
of the conduit to entrain air through the
inlet to flow through the conduit, the outlet
end of the conduit communicating with the
atmosphere and with the water collector,
wherein the means to spray water includes a
plurality of nozzles arranged across the inlet
end, and the heat exchanger including at least
one vertically disposed baffle extending down-
stream of the nozzles and parallel to the axis
of the conduit to protect the inlet end and
jets of water which, in use, issue from the
nozzles from cross winds.

The present invention provides in another
aspect an evaporative heat exchanger in-
cluding a longitudinally extending conduit
having an axis which extends substantially
horizontally, said conduit having an inlet
end exposed to atmosphere and an outlet
end, means to spray water to the inlet end of
the conduit to entrain air through the inlet
to flow through the conduit, the outlet end of
the conduit communicating with the atmo-
sphere and with a water collector, and a drip
collector located below the spray means to
catch drips therefrom. .

The present invention provides in another
aspect an evaporative heat exchanger in-
cluding a longitudinally extending conduit
having an axis which cxtends substantially
horizontally, said conduit having an inlet
end exposed to atmosphere and an outlet
end, means to spray water into the inlet end
of the conduit to entrain air through the inlet
to flow through the conduit, the outlet end
of the conduit communicating with the atmo-
sphere and with a water collector, and in-
cluding a water conductor connected to a
water supply means connected to the spray
means, such that in use some water in the
supply passes to the conductor, said con-
ductor being located at least in part in heat
exchange relation to at least part of the inlet
end of the conduit.

These aspects of the invention may be
provided singly or, where appropriate, to-
gether.

Certain aspects of the invention make it
easier to achieve a heat exchange capacity
equal to or greater than that of a conven-
tional counter-current cooling tower with a

piece of apparatus far simpler to build ang~

to maintain as well as cheaper to operate.
Higher thermal efficiency and low noise level
are advantages of the invention.

In some forms of the invention the conduit
can have a throat such that there is an ex-
pansion zone downstream of the throat. As a
preferred feature, it is advantageous to define
the conduit as rectangular in cross section
with vertical side walls and with upper and
lower walls diverging. It is also preferred to
provide the nozzles such that they provide
fan shaped water sprays. It is a further pre-
ferred feature of the invention that, in this
case, the long axes of spray cross sections
are parallel to vertical side walls of the con-
duit. The conduit is preferably slightly down-
wardly inclined from the inlet end to take
account of gravitational cffects on the sprays
of water.

In order that the invention may be more
clearly understood, the following description
is given, merely by way of example, with
reference to the accompanying drawings, in
which:

Figure 1 is a view in transverse section of
a single module horizontal injection type heat
exchanger constructed in accordance with
various aspects of the present invention;

Figure 2 is an end view of the apparatus
oi Figure 1 taken from the intake end there-
o1,

Figure 3 is a view in horizontal section
taken on line 3—3 of Figure I;

Figure 4 is a view partly in section and
partly in side elevation of a single water
spray nozzie of the type preferably cm-
ployed in the present invention showing the
spray pattern as seen from the side;

Figure 5 is a view in cross section on the
line 55 of Figure 4 to show the cross-
sectional shape of the spray as it appears
close to the nozzle;

Figure 6 is a view in section taken on the
line 66 of Figure 4;

Figure 7 is a view partly in side elevation
and partly in section illustrating in particular
the first aspect of the invention;

Figure 8 is a view partly in section and
partly in side elevation of heat exchange
apparatus according to the aspect of the in-
vention in which two heat exchangers are
used one above the other;

Figure 9 is a view in elevation taken at the
air inlet end of the apparatus of Figure 8;

Figure 10 is a schematic view in vertical
section of heat cxchange apparatus accord-
ing to the invention in the aspect where two
or more heat exchangers are arranged to
discharge into a common stack;

Figure 11 is a fragmentary view in section
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illustrating to an enlarged scale one of the
aspects of the invention included in the em-
bodiment of inter alia Figure 1;

. Figure 12 illustrates for reference appara-
tus shown an described in our Application
No. 1,299,922; and

Figure 13 is a fragmentary view in section
of the mist eliminators shown inter «¢lia in
Figures 1 and 3.

Referring to Figure 1 in greater detail,
the apparatus there shown comprises a cool-
ing tower having an air entry mouth at 10, a
throat at 11, and downstream of the throat,
a diffusion or expansion region 12. Water to
be cooled is supplied through a header 13
to a series of horizontal conduits 14, cach
provided with nozzles 15 spaced along the
length of the respective conduit. Water is
sprayed from the nozzles 15, and this action
draws air into the mouth 10 of the apparatus.
In a manner to be hercinafter more fully ex-
plained, the nozzles 15 are so spaced and
the spray therefrom is of such shape that a
water seal is established across the throat 11.
The air which is drawn into thc mouth 10
and passes through the throat 11, mixes
intimately with the droplets of water. Flow
continues through the diffusion region 12.
Evaporative cooling takes place because
some of the water is evaporated and the heat
of vaporization is extracted from the remain-
ing water, which, moving from left to right
as seen in Figure 1, falls into the sump 16
from which it is withdrawn through conduit
17 to be used. The air exhausts from the
tower through a group of mist eliminators
18 which strip out any remaining water cn-
trained thereby so that the substantially drop-
let free air discharging from the eliminators
18 is passed to atmosphere through turning
vanes 19. These vanes cause the air 1o flow
upwardly and away from the cooling towcer
to avoid recirculation of the hot discharged
air to the region of the mouth 10. The turn-
ing vanes 19 also function to minimize the
effect of severe cross winds opposing the air
flow through the unit. Should conditions per-
mit, these vanes may be omitted. Should con-
ditions require it, they may be supplemented
with a wind deflector such as is shown at 59
in Figure 12,

It will be noted in Figure 1 that the upper
defining wall 20 of the diffuser section 12 has
a different slope from the lower defining wall
21 thereof whereas the sidewalls 22 are
vertical, see Figures 2 and 3. This is to take
advantage of the effect of gravity on the
trajectory of the water streams issuing from
the nozzles 15. Because of the effect of
gravity, the upper expansion angle, that is,
the angle between the horizontal and the
upper boundary 20 of the expansion region
12 of the tower, is smaller than the lower
expansion angle which is the angle between
the horizontal and the lower boundary 21

of the cxpansion region 12 of the tower.
By so disposing the walls 20 and 21 maxi-
mum effictency for the expansion of the air-
water mixture is assured as well as maximum
air-water contact,

It should be noted that the entrance to the
mouth 10 is arranged in bell form to reduce
air resistance. The upper wall 23 at the

cfining edge of the mouth is curved as can
be readily seen in Figure 1. A trough 24
which defines the lower edge of the bell
mouth has a narrow slit in it at 24 which
runs the full width of the mouth 10 but
which is sufficiently narrow as not to inter-
fere with the entering air flow. This trough
or gutter 24 is connected at the left end, as
seen in Figure 2, to a pipe 25, which is con-
nected to a waste discharge conduit 26.

All evaporative cooling towcrs require
some portion of the recirculating water be
discharged or bled to waste in order to pre-
vent excessive accumulation of mineral salts.
In the present construction, the lowermost
nozzle supply conduit 14, again see Figure 2,
is connected by a conduit 27 to the end of
the gutter 24 opposite from the end to which
the gutter drain 25 is attached. This means
that water discharged from the system is
warm water, i.e., part of the water being sup-
plied to the tower for cooling and that ijt
flows across the entire bottom of the air
admission mouth in order to reach the waste
line. Thus, the warm water is in heat ex-
change relation with the metal of gutter 24
and by conduction, with adjacent metal
parts. Furthermore when the tower is shut off
and the water from the conduits 14 drains
out, some of its falls to the region of the
slot 24* in the bell mouth trough 24. To
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ensure that this takes place, there are small 105

projections 28 under each of the nozzles 15,
sec Figures 1, 4 and 5. The projections 28
may be provided by a single piece of metal
extending lengthwise of conduit 14, as shown,

or may be provided by individual pieces 110

under each nozzle. In either case the position
and length will be chosen to avoid inter-
ference with the incoming air flow. These
projections 28 function to prevent water from

falling outside of the mouth 10 so that 115

ultimately drippage from the nozzles is re-
ceived somewhere along the length of the
slot 24°.

In winter, during shut off or operation,

any water drippage entering the slot 24! 120

is prevented from freezing because of the
heat of the bleed water which is passing
through conduit 27 through the gutter 24
to waste conduits 25 and 26. This warm

bleed water then prevents freezing when the 125

header water is draining off after shut off.
The quantity of water needed to prevent ice
formation is very small and may, if desired,
be discharged into the sump, without ma-

terially affecting the capacity of the tower. 130
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The heat exchange effect of the bleed water
in gutter 24 is, of course, valuable in winter
weather even when the header is not draining
after shut off because it keeps the lower part
of the throat warm and prevents ice forma-
tion.

In addition to the features heretofore des-
cribed it is to be noted that discharge conduit
26 is connected by an elbow 28' to a short
conduit 29 which protrudes into the sump
area above the level of the water. This short
conduit 29 is provided with a dam 30 at one
end, the dam being of sufficient height so
that water coming from line 25 will not over-
flow it but, should there be a mulfunction in
the water level control or stoppage in the
main cold water outlet 17, a drain for dis-
charging overflowing sump water is pro-
vided. These details are shown in Figure 11.

The sump is provided with the usual
strainer screen 31 and with a make-up water
spigot 32 controlled by a float 33 in the con-
ventional manner, that is to say, when the
water level falls below a pre-determined value
the sinking of float 33 opens a spigot 32 and
adds make-up water to the system.

In Figures 1, 2 and 3 there is shown a
baffle 12a which is used with units of con-
siderable width to prevent cross flowing wind
from displacing mist-like droplets of water
so that they escape from the air entry end
of the unit. While a single baffle is shown,
it is intended that the number used be a
function of unit width. The baffle 124 cxtends
from a plane tangent to the conduits 14 to
somewhat beyond the throat 11, sce Figure 1.

If now reference is made to Figures 4, 5
and 6, the construction and function of the
various nozzles 15 can be better understood.
The discharge opening of each nozzle 15 is
such as to produce a spray having, as viewed
from the side, the shape illustrated in Figurc
4 and as viewed in section the shapes illus-
trated in Figures 5 and 6. The pipes 14 are
so spaced vertically from one another that
the upper and lower edges of each spray
intersect just about in the throat 11. The
nozzles 15 are so spaced in relation to one
another along the respective pipes 14 that
the side edges of the spray just about touch
one another in the throat. See in this regard
Figure 2. Air is drawn into the mouth 10 of
the conduit in between the various water

jets but the seal formed in the throat 11 is

so complete that there is no tendency for
blow-back of air from downstream of the
throat in normal conditions of operation.
Water spray issuing from any nozzle
orifice will expand to some degree in all
directions downstream of the nozzle. The
amount of expansion in certain directions
can be controlled by the design of the orifice.
It has been discovered that maximum usage
of input energy to pump air in an injector
cooling tower is importantly related to the

nozzle orifice and the orientation of the
nozzles in relation to one another and in
relation to the other parts of the cooling
tower. Thus, it is an advantage of the present
invention that the expansion of the jets of
water is principally in vertical planes since
this corresponds to the expansion in the
diffusion zone which is brought about by the
slope of walls 20 and 21 which define the
upper and lower boundaries of the diffuser
section. It is preferred for the nozzles to
produce fan shaped sprays of water, with the
flat sides of the fan shaped sprays parallel
and for the nozzles to be arranged such that
the divergence of the upper and lower walls
of the conduit is the same as the divergence
of the upper and lower edges of the fan
shaped sprays. One desirable nozzle arrange-
ment is four rows of closely spaced nozzles
each of which produces a high velocity,
highly atomized spray in fan-shaped pattern.
Several features of the design of the nozzle
contribute significantly to the air aspiration
and the heat transfer action. The spray pat-
terns present at the exit of the nozzles, see
Figure 5, are thin sheets of water which have
considerable surface area to transfer momen-
tum to the air to start its movement into the
throat, yet which present, at the same time,
streamlined profiles for air entry. The spray
pattern as illustrated in the drawings has also
the advantage that it permits filling a rect-
angular throat such as is shown in Figure 2
without wasting water and energy on the side
walls or from the excessive overlapping
which would be necessary to produce a seal
using conical sprays.

Of course, the nozzles 15 are directed
generally horizontally toward the discharge
end of the tower so that the major thrust of
the water is in the direction that the air is
to be moved. Yet, any spray issuing from a
nozzle must expand to some extent down-
stream of the nozzle which produces it. The
lateral displacement of water from the flat
sides of the sprays is small and in fact is
just enough to form a seal between the closely
spaced adjacent sprays. The nozzles are
such as to limit the sprays in this fashion
because any more lateral movement of the
water would be wasteful of energy as the
forward rather than the lateral movement of
the water functions to pump air through the
unit. The angle of expansion of the water
spray issuing from the nozzles in vertical
planes is much greater than the lateral ex-
pansion of the sprays. This is desirable be-
cause it helps to expand the air-water mix-
ture into the diffusion region which is de-
fined by walls 20 and 21 diverging in the
same general direction as the vertical cxpan-
sion of the sprays. The end result is that the
input water energy is directed primarily to-
ward the mist eliminators 18. This, of course,
is the optimum pumping direction. In addi-
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tion, the other needs of the ejector, such as
good air diffusion and streamlining, are met.
Thus, the pumping energy put into the water

is used to a maximum extent to bring about

aspiration of air and entrainment thereof
through the apparatus and also to achieve
excellent air-water contact and mixing for
maximum heat transfer. The efficiency of the
air pumping action is appreciated when the
quantity of air pumped is considered.
Approximately three times the quantity of
air is used to achieve the same degree of
heat transfer as would be necessary in a con-
ventional counterflow tower. Even with the
large increase in required air flow which
results in high internal air velocities, this
necessary amount of air is pumped with an
input energy which is less than that required
in many counterflow towers.

In conventional cooling towers, different
capacities may be obtained from a given
module plan area by changing the amount
of wet-deck fill or varying the air gquantity
through the tower by adjusting the fan spead.
Capacity adjustment is obtained in an ejector
tower simply by variations in the nozzie
sizes {o obtain different operating spray pres-
sures. The nozzle pressure determines the
quantity of air flow and the degrec of air-
water contact and hence the amount of heat
transfer available, The higher the water pres-
sure is raised the greater is the input encrgy
and hence the greater the amount of air
pumped. This in turn makes for finer spray
and mixing and heat transfer.

The high flow rate of the air and water
makes the job of the mist eliminators very
difficult. In Figure 1, there are shown two
sets of mist eliminators 18 which are used
for what may be called averagec water flow
rates and pressures. In some applications
where the nozzle pressure is very low or the
water flow rate is less than average a single
bank of mist eliminators can function to
sirip the water droplets from the air. Most
often, however, the velocities through the
tower are in excess of the capabilitics of a
single bank eliminator adequately to strip
all water from the air. In addition, the
velocity of the water leaving the nozzles is
very high and impinges on the first set of
blades in large quantities. Therefore, the
first deck, and a large portion of the second,
are completely wetted further to function as
conventional wet-deck surface significantly
to contribute to the heat transfer in cooling
the water and achieve very close approaches
between the leaving water temperature and
the leaving air temperature. This, of course,
is very important in order to obtain maxi-
mum heat transfer efficiency particularly with
a parallel flow heat exchanger.

The shape of the eliminators is appreciated
from reference to Figures 3 and 13.

The illustrated configuration provides a

very effective eliminator with a very low air
resistance as compared to conventional sharp
break mist eliminators. Because the elimin-
ator is wet, the surfaces function also as
wet-deck. Both of these features importantly
contribute to the thermal efficiency of the
apparatus. Note that the eliminators are so
mounted as to leave the bottom edges open
for free discharge of water into the sump 16,
see Figure 1.

Under temperature conditions that permit
very large quantities of water to be used, it
may be that two units of mist eliminators
such as are shown in Figure 3 will not be
adequate to strip the entrained water from
the airstream. It should be noted that as the
water rate is increased the energy input is
proportionally increased thereby resulting in
a significantly higher air flow rate as well.
An arrangement for handling large volumes
of water is shown in Figure 7. This figure
illustrates an injection type cooling tower
basically similar to that shown in Figure 1
except for the mist climinators. In Figure 7
there are three banks of mist clminators 34,
35 and 36. In cross section each of these is
of the same shape as is shown in Figure 13.
Because of the effect of gravity on the
flowing water in the diffusion zone 12, it is
cvident that by the time the water is in the
region of the mist eliminators there is more
water per unit volume near the bottom of
the tower than at the top. Even so, the velo-
city of the water at the time it reaches the
first elminator 34 is such that if that elimin-
ator werc used alone a considerable volume
of water would go through it but would
thereafter assume a trajectory with a much
larger gravity component. To prevent the
velocity of the water from driving some of it
even through three banks of eliminators,
banks 35 and 36 are disposed at an angle to
the vertical such as to define a space tri-
angular in vertical section between the first
bank of eliminators 34 on the one hand and
the second and third on the other. Thus
water which passes through eliminator 34 is
considerably decelerated as it enters elimin-
ators 35 and 36. The combined effect of
gravity and the sloping eliminator channels
is to provide a path to the sump through
which the remaining component of horizontal
energy in the water is dissipated so that the
water will fall for recovery into the sump.

It is important to note that the mist elim-
inators 34, 35 and 36 are made of long strips
having straight edges connected by a curved
central portion and are thus of the samc
shape as eliminators 18. Again sec Figure 13.
These are nested also as shown in Figure 13
and each has at least two spacing tabs ex-
tending therefrom and touching the next
adjacent strip to maintain a predetermined
spacial relationship therebetween. In the
position of the mist eliminators shown in
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Figure 7 a great deal of water actually chan-
nels vertically downwardly through the mist
eliminators. There is so much water, how-
ever, that even three banks would not be
adequate in the situation of Figure 7 if it
were not for the fact that space is allowed
between bank of eliminators 34 and banks
35 and 36. Great quantitics of water fall in
this region such that the water flowing from
the channels of bank 36 actually represents
the last of the entrained water so that mist
elimination is complete.

These eliminators, of course, function as
fill in the ordinary sense that fill is used in
cooling towers. The mist eliminators shown
in Figure 1 also so function, and it has been
found that this fill contributes very import-
antly to the efficiency of the unit.

The basic units which have been hereto-
fore described may be arranged in various
ways to work with one another where the
load requirements are such as to require a
multiple unit. One way that the units may be
combined is shown in Figures 8 and 9. In
this instance the lower unit is basically
similar to the unit of Figure 1. Another unit
37 similar to it is placed above it and pipes
38 are arranged along the opposite side walls
22 of the region above the sump 16 for con-
necting a small sump 39 with sump 16
therebelow. The small sump 39 functions
with the upper unit but is structurally a part
of the lower one.

Another difference between the upper unit
of Figures 8 and 9 and the basic module of
Figure 1 is that the trough 40 at the lower
bell mouth of the upper unit, although it is
similar in structure and function to trough
24, discharges differently. It is fed from the
hot water line 14 feeding the lowest row of
nozzles but, instead of discharging to waste,
it discharges through a pipe 41 into the
upper sump 39, the amount of water not
being enough materially to affect efficiency.
The hot water bleed for the system is the
same as that shown in Figure 1 associated in
Figure 8 with the lower of the two units.
The sump water level control shown in the
lower unit of Figures 8 and 9 is differently
positioned from the arrangement shown in
Figure 1. In Figures 8 and 9 the sump is
defined by two end walls 42 and 43 as well
as side walls 22. The upper edge of end wall
42 is spaced below the bottom 21 of the
diffusion region 12 thus defining an access
space at 44. A partition 45 extends from wall
21 with its lower edge below the normal
water level of the sump. The float 33 and the
spigot 32 are located between the partition
45 and the end wall 42. Since the wet region
of the cooling tower is above the wall 21 and
to the right of partition 45 as seen in Figure
8, an operator may adjust the float system
without getting wet even though the tower
is operating. He simply reaches through ac-

cess space 44 and makes the necessary ad-
justments. The strainer screens are also ac-
cessible through access space 44. Except for
the differences in the location of the make-
up water controls, the hot watcr bleed and
the interconnection of the sump, the upper
unit 37 of Figures 8 and 9 is the same as the
lower unit which in turn is the same as the
unit shown in Figure 1. The construction of
the lower unit of Figures 8 and 9 may, if
desired, be used alone in lieu of the Figure 1
arrangement.

Like reference numerals have been used
throughout to identify like parts. It is, of
course, understood that the advantage of
having a connection between sump 39 and
sump 16 is that the recirculation through a
heat load to the spray nozzles takes place
from the lower sump only.

Instead of the arrangement of Figures 8
and 9, it is also possible to face two units
such as are shown in Figure 1 toward one
another or radially arranged around a cen-
tral stack. This is shown by way of example
in Figure 10 where there is a tapering air
discharge stack 46 having a partition 47
dividing it into a left side 48 serving a unit
49 such as is shown in Figure 1 and a right
side 50 serving a unit 51 such as is shown in
Figure 1.

In Figure 12 a horizontal water flow
arrangement such as is described in our
Patent No. 1,299,922 is depicted. There is a
flared mouth portion 52 defining a rect-
angular air inlet at 53, the short dimcnsion
of which is shown in Figure 12. Lengthwise
of the air inlet at 53 there extends a water
supply pipe 54 from which there cxtend a
line of mutually spaced nozzles 55 arranged
centrally of the ejector walls. The ejector
also includes a throat portion 56 of rect-
angular cross section and a diffuser portion
57. The outlet end of the diffuser is provided
with mist climinators 58 and with a wind
deflector 59 to prevent natural air curreits
from opposing the left to right air flow
through the cjecior as illustrated.

The ejector pictured in Figure 12 is tilted
downwardly at a slight angle in the direction
of flow to prevent water from running out
of the throat down the inlet and dripping to
the floor. The water-air mixture entering the
diffuser maintains enough directional energy
to expand fully and fill the upper section of
the diffuser even though this requires the
mixture to travel ‘‘uphiil”,

In the system of Figure 12 the cooled water
is recovered in a sump 60 which forms part
of the lower wall of the diffuser portion 57.
The usual water make-up and withdrawal
systems are included but not illustrated.

The term injector as used in the claims
hereof is intended to define the pumping of
air by water jets regardess of whether or not
the throat is restricted.
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WHAT WE CLAIM IS:—

1. An evaporative heat exchanger includ-
ing a longitudinally extending conduit having
an axis which extends substantially horizon-
tally, said conduit having an inlet end ex-
posed to atmosphere and an outlet cnd,
means to spray water into the inlet end of
the conduit to entrain air through the inlet
to flow through the conduit, the outlet end
of the conduit communicating with the atmo-
sphere and with .a water collector, and in-
cluding mist eliminators to strip water from
air passing through the conduit towards the
outlet end, the mist eliminators comprising
at least two groups of substantially parallcl
strips spaced apart across the conduit, the
strips of one group being substantially verti-
cal and another group of strips being spaced
from the one group along the axis of the con-
duit, such that in use entrained water is
stripped from the air flowing down the con-
duit and flows into the water collector.

2. Apparatus according to claim 1 where-
in the said another group is downsiream of
the said one group.

3. Apparatus according to claim 2 where-
in the space between the groups is triangular
with its apex uppermost when regarded in a
vertical cross section including the axis of the
conduit.

4. Apparatus according to claim 3 in-
cluding a further group of strips adjacent and
parallel to said other group of strips.

5. Apparatus according to claim 1, 2, 3
or 4 wherein each strip is elongate, having
flat margin portions connected by a curved
central portion.

6. Apparatus according {0 any preceding
claim including on each strip at least two
spacing tabs extending therefrom and touch-
ing the next adjacent sirip to maintain a pre-
determined spacial relationship therebetween.

7. An evaporative heat exchanger includ-
ing a longitudinally exiending conduit hav-
ing an axis which extends substantially hori-
zontally, said conduit having an inlet end
exposed to atmosphere and an outlet end,
means to spray water into the inlet end of the
conduit to entrain air through the inlet to
flow through the conduit, the outlet end of
the conduit communicating with the atmo-
sphere and with a water collector, and in-
cluding baffle means at the outlet end, said
baffle means comprising a plurality of up-
wardly curved plates extending transversely
of the outlet.

8. Evaporative heat exchange apparatus
including at least two cvaporative hcat ex-
changers, each including a longitudinally cx-
tending conduit having an axis which ex-
tends substantially horizontally, cach said
conduit having an inlet end exposed to
atmosphere and an outlet end, means to
spray water into the inlet end of the con-
duits to entrain air through the inlets to flow

through the conduits, and the outlets of the
conduits communicating with respective
water collectors and with a single central
upwardly extending stack open to the atmo-
sphere.

9. Apparatus according to claim 8 in-
cluding at least onc partition in the stack to
isolate the respective outlet ends.

10. Apparatus according to claim 8 or 9
including vanes in the outlet ends to direct
air upwardly in the stack.

11. Evaporative heat exchange apparatus
including at least two evaporative heat ex-
changers, cach including a longitudinally cx-
tending conduit having an axis which extends
substantially horizontally, cach said conduit
having an inlet end exposed to atmosphere
and an outlet end, mcans to spray water into
the inlet ends of the conduits to entrain air
through the inlets to flow through the con-
duits, the outlet ends each communicating
with the atmosphere and with a water
collector, wherein the heat exchangers are
located one above the other, and the water
collector of the upper heat exchanger is con-
nected to the water collector of the lower
heat exchanger to pass water thercto, and
the apparatus including means to pass water
from the lower water collector to the spray
means of both heat cxchangers,

12. An evaporative heat exchanger in-
cluding a longitudinally extending conduit
having an axis which extends substantially
horizontally, said conduit having an inlet
end exposed to atmosphere and an outlet
end, means to spray water into the inlet end
of the conduit to entrain air through the
inlet to flow through the conduit, the outlet
end of the conduit communicating with the
atmosphere and with a water coilector,
wherein the means to spray water includes a
plurality of nozzles arranged across the inict
end, and thc heat exchanger including at
least one vertically disposed baffle extending
downstrean of the nozzics and paralle] to the
axis of the conduit to protect the inlet end
and jets of water which, in use, issue from
the nozzles from cross winds.

13. An evaporative hcat cxchanger in-
cluding a longitudinally extending conduit
having an axis which extends substantially
horizontally, said conduit having an inlet end
exposed to atmosphere and an outlet end,
means to spray water to the inlet end of
the conduit to entrain air through the inlet
to flow through the conduit, the outlet end
of the conduit communicating with the atmo-
sphere and with a water collector, and a drip
collector located below the spray means to
catch drips thercfrom.

14. Apparatus according to claim 13
wherein the spray means include a plurality
of nozzles each having a drip guide associ-
ated therewith to direct drips therefrom into
the collector.

70

80

85

90

95

100

105

110

115

120

125

130



1,346,253

10

15

20

25

30

35

45

50

55

60

65

15. Apparatus according to claim 13
wherein the spray means includes a plurality
of nozzles arranged in at least one horizontal
row and including a strip fixed to and ex-
tending below the nozzles of a row to direct
drips therefrom into the drip collector.

16. Apparatus according to claim 13, 14
or 15 wherein the drip collector is a gutter
extending across the lower edge of the air
inlet at least below the spray means to
catch drips therefrom, and including a dis-
charge from the gutter.

17. An evaporative heat exchanger in-
cluding a longitudinally extending conduit
having an axis which extends substantially
horizontally, said conduit having an inlet end
exposed to atmosphere and an outlet end,
means to spray water into the inlet end of the
conduit to entrain air through the inlet to
flow through the conduit, the outlet end of
the conduit communicating with the atmo-
sphere and with a water collector, and in-
cluding a water conductor connected to a
water supply means connected to the spray
means, such that in use some water in the
supply passes to the conductor, said con-
ductor being located at least in part in heat
exchange relation to at least one part of the
inlet end of the conduit.

18. Apparatus according to claim 17
wherein the water conductor is in heat ex-
change relation to at least part of the lower
edge of the inlet.

19, Apparatus according to claim 16 and
claim 17 or 18 wherein the water conductor
includes said gutter.

20. Apparatus according to claim 17, 18
or 19 including a waste water discharge to
which said water conductor is connected.

21. Apparatus according to any one of
claims 1 to 6 and 11 to 20, including baffle
means at the outlet end of the or each con-
duit, said baffle means comprising a plurality
of upwardly curved plates extending trans-
versely of the or each outlets.

22.” Apparatus according to any preced-
ing claim except claims 1 to 6 and claim 21
when appendent thereto, and including in the
or each conduit mist eliminators to strip
water from air passing through the conduit
towards the outlet end, the mist eliminators
comprising at least two groups of substan-
tially parallel strips spaced apart across the
conduit, the strips of one group being sub-
stantially vertical and another group of strips
being spaced from the one group along the
axis of the conduit, such that in use en-
trained water is stripped from the air flowing
down the conduit and flows into the collector.

23. Apparatus according to claim 22
wherein the said other group is downstream
of the said one group.

24. Apparatus according to claim 23
wherein the space between the groups is tri-
angular with its apex uppermost when viewed

in a vertical cross section including the axis
of the conduit.
25. Apparatus according to claim 24 in-

cluding a further group of strips adjacent._ .

and parallel to said other groups of strips.

26. Apparatus according to claim 22, 23,
24 or 25 wherein each strip is elongate having
flat margin portions connected by a curved
central portion.

27. Apparatus according to any onc of
claims 22 to 26 including on each strip at
least two spacing tabs extending therefrom
and touching the next adjacent strip to main-
tain a predetermined spacial relationship
therebetween.

28. Apparatus according to any preced-
ing claim, except claims 13 to 16 and 19 and
any one of claims 20 to 27 when appendent
thereto, including a drip collector located
below the spray means of the or each conduit
to catch drips therefrom.

29. Apparatus according to claim 28
wherein the spray means include a plurality
of nozzles each having a drip guide associ-
ated therewith to direct drips therefrom into
the collector,

30. Apparatus according to claim 28
wherein the spray means includes a plurality
of nozzles in at least one horizontal row and
including a strip fixed to and extending
below the nozzles of a row to direct drips
therefrom into the drip collector.

31. Apparatus according to claim 28, 29
or 30 wherein the collector is a gutter ex-

70

80

tending across the lower edge of the air inlet 100

at least below the spray means to catch drips
therefrom, and including a discharge from
the gutter.

32. Apparatus according to any one of

the preceding claims, except claims 17 to 20 105

and any one of claims 21 to 31 when appen-
dent thereto, and including for the or each
conduit a water conductor connected to a
water supply means connected to the spray

means, such that in use some water in the 110

supply passes to the conductor said con-
ductor being located at least in part in heat
exchange relation to at least part of the inlet
end of the conduit.

33. Apparatus according to claim 32 115

wherein the water conductor is in heat ex-
change relation to at least part of the lower
edge of the inlet.

34. Apparatus according to claim 31 and

claim 32 or 33 wherein the water conductor 120

includes said gutter.

35. Apparatus according to claim 32, 33
or 34 including a waste water discharge to
which said water conductor is connected.

36. Apparatus according to any preced- 125

ing claim, except claim 12 and any one of
claims 21 to 35 when appendent thereto,
wherein the means to spray water includes a
plurality of nozzles arranged across the inlet

end of the or each conduit, and the appara- 130
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baffle in the or each conduit extending down-
stream of the nozzles and paraliel to the axis
of the conduit to protect the inlet ends and

“jets of water which, in use, issuc from the

nozzles from cross winds.

37. Apparatus according to any preced-
ing claim, except claims 8 to 10 and any one
of claims 22 to 36 when appendent thereto,
including an upwardly extending air deflector
plate positioned to protect the outlet end of
the or each conduit from external air cur-
rents.

38. Apparatus according to any one of
the preceding claims including a throat in
the or each conduit between the inlet and
outlet ends.

39. Apparatus according to any one of
the preceding claims wherein the or each
conduit is slightly downwardly inclined from
the inlet to the outlet end.

40. Apparatus according to any preced-
ing claim, wherein the means to spray water
includes a plurality of nozzles and wherein
the nozzles are disposed so that, in use, water
spraying from each nozzle impinges against
the water spraying from at least one adjacent
nozzle, the water spraying from at least some
nozzles contacting the inner walls of the con-
duit, such that water is sprayed over sub-
stantially an entire cross section of the con-
duit and such that air is entrained by the
sprayed water to flow through the conduit.

41. Apparatus according to claim 40
wherein the nozzles are located side by side
in one or more rows.

42. Apparatus according to claim 41
wherein the rows are horizontal.

43, Apparatus according to claim 40, 41
or 42 wherein the or each nozzle is adapted
to spray a fan shaped spray of water.

44. Apparatus according to claim 43
wherein the nozzles are arranged such that,
in use, the flat sides of the fan shaped sprays
are parallel.

45. Apparatus according to any preced-

ing claim wherein the or ecach conduit is rect-
angular in cross section.

46. Apparatus according to claim 45
wherein side walls of the or each conduit
are vertical.

47. Apparatus according to claim 45 or
46 wherein the side walls are in cross section
less long than the bottom and top walls.

48. Apparatus according to claim 44 and
claim 46 or 47 wherein the flat sides of the
fan shaped sprays are parallel to the side
walls.

49. Apparatus according to claim 46, 47
or 48 wherein the upper and lower walls of
the conduit diverge in the downstream direc-
tion thereof.

50. Apparatus according to claim 44 and
claim 49 wherein the nozzles are arranged
such that the divergence of the upper and
lower walis of the conduit is the same as the
divergence of the upper and lower edges of
the fan shaped sprays.

51. An evaporative heat exchanger con-
structed and arranged substantially as herein-
before described with reference to and as
illustrated in Figures 1 to 6, 11 and 13 of
the accompanying drawings.

52. An evaporative heat exchanger con-
structed and arranged substantially as herein-
before described with reference to and as
illustrated in Figures 4 to 7, [l and 13 of
the accompanying drawings.

53. Evaporative heat exchange apparatus
constructed and arranged substantially as
hereinbefore described with reference to and
as illustrated in Figures 8 and 9 of the ac-
companying drawings.

54. Evaporative heat exchange apparatus
constructed and arranged substantially as
hereinbefore described with reference to and
as illustrated in Figure 10 of the accom-
panying drawings.
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Chartered Patent Agents,
14 South Square, Gray’s Inn,
London, WCIR 5EU.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1974.
Published at The Patent Office. 25 Southampton Buildings, London WC2A 1AY,
from which copies may be obtained.

NI

50

55

60

65

70

75

80

85



