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This invention relates to an evaporative: cool-
ing tower and is shewn as embodied in. a con-
denser for condensing the hot compressed. gas-of
a. refrigeration system, although. it can be em~-
ployed: wherever it is desired to.cool a.gas orliquid:
{0-a point near the wet bulb temperature of the-
atmosphere. The cooler is more particularly in-
tended: for use where there is g very heavy load,
such. as-t0 cool and cendense the hot.compressed.
gas of, say, a 350 ton refrigeration system.

One. of the principal objects of the invention
is. te- provide a cooler for cooling and/or con-
densing a. gas or a liquid, such as compressed
superheated refrigerant gas, in which the cool--
ing water is recireulated and the: cooling. effect
achieved. principally by evaporation. of cooling
water on the tubes through: which: the gas is con~
ducted. By this means an economy is effected in
the cost of. cooling water and by its use the mu-
nicipal sewer systems are. nob. overtaxed: by -the:
installation of large refrigeration systems fer
which the present cooler or condenseris particu-
larly designed and which normally require large
amounts. of cooling water for condensing the hot
compressed refrigerant. .

Another object. of the invention is to provide
such an evaporative condenser or ecoler which is
specifically intended for very. heavy loads, such-
ag.condensing the compressed refrigerant gas for

refrigerating systems producing hundreds-of tons ¢

of refrigeration.

Another- object of. the: inventioen is: to. provide:
such, & large capacity cooler or condenser which:
is. compesed. principally of velatively small sized:
identical units. which. can be readily: produced in-
a. shop. and which also. can. ke readily assem-
bled.at. the location.. .

Another object. of the invention is to provide
such. a large. capacity cooler or condenser which
is extremely flexible in.capacity, it being possible-
to cut any desired number of the units into and
out. of operation thereby to. adjust the. cooler or
condenser to the. load being handled.

Another object. of the invention is. to provide
stueh a caoler or condenser which: can be readily
repaired without.stopping operation, it being pos-
sible to cuf the defective unit out of operation and
repair  that unit without. interfering with. the
oneration of the ether units.

Another object of the invention is to arrange &

the flows of the air and water so. as to obtain
maximum evaporative cooling efficiency, therehy
to require a minimum amount of heat exchange
tube surface and space.

Another object of the invention is to provide
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such a cooler or condenser which can. be readily
keptin a clean and efficiently operating condition,
the sprays;and.sprayed surfaces being readily ac-
cessible from a large central chamber which a
man with a ladder can enter.

Another object of the invention is to. provide
a structure which is compact, considering the:
very high capacity of the apparatus. :

Another object is to provide such a cooler which
is suitable for use in cooling fluids having a rela-~
tively high: entering, temperature. Temperatures
above 115° F. spray water will evaporate rapidly.
and deposit. a. scale upon the tubes conducting
such initial high temperature medium to be
coeled. In accordance with the present inven-
tion. the temperature.of the medium to be cooled
is first reduced.to at or below 115° F. by air cool-
ing before being subjected to evaporative cooling
so.that any deposit upon the.sprayed tubes which.
does.occur is.so.soft as.to be immediately washed
off the, pipes by the sprays.

Anocther object of the present invention is to
provide such a. condenser in. which the first or
air cooling stage merely removes sensible heat:
from the gas.to be condensed to- bring it below
the point at which a.scale would form with evap-
orative.cooling and to remove the balance of the:
sensible heat and the latent heat in a second.
stage. by evaporating cooling. By this means the
preponderance-of the heat is efficiently removed
hy evaperative cooling and: g relatively small heat
exchange tube. surface is required for the first
or air cooling stage. .

Another object.of the invention is to provide,
in combination with a. condenser, means for re--
moving the maximum amount of oil from the gas:
heing condensed thereby to.prevent such cil from:
building up and caking on the heat transfer sur-
faces in. eontact with which the condensed gas
is subsequently passed.

A further-object is. to provide such an oil elimi-
nator-in which. the. oil is: conveniently- available
for reuse.

Another. object is to. provide such an: oil elimi-
nator which does not have any moving parts

other than the valves.necessary to.remove the oil

collected therein,
énotper airr.L is.to provide such-an oil eliminator
which is. particularly: adapted to an evaporative

- type of condenser in which the cooling effect is

obfained: principally: from: the evaporation of
Watel.;vqn the cooling surface which:is arranged in.
an. air stream. passing over the: surface. Such
an. evaporative: condenser has: many: times: the

i cogling_ capacity-of.a dry coil:of the same size and:
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under normeal conditions cools the fluid being
condensed o g much lower temperature than is
tle with a dry coil,

other ohiect is to provide such an oil elimi~
nator in combination with a condenser which is,
without special confrol, self-balancing under
varying load and wet bulb conditions such self-
halancing cperating to remove the maximum
amount of oil from the fluid belng condensed
under all operating conditions.

Another aim is to provide such an oil elimi-
nator, in combination with a condenser, in which
the maximum removal of oil from the gas being
condensed under all load and atmosgheric con-
ditions can be placed under accurate instrument
control.

Another object is to prrovide such a large ca-
pacity condenser which is relatively low in cost,
congsidering its extremely high capacity, both in
fabricating the units and also in setting up these
units on the job.

Other objects and advantages of the invention
will be apparent from the following deseription
and drawings in which:

Rig, 1 is a front elevational view of a large ca-
pacity, tower-type evaporative condenser em-
bhodying the present invention.

Fig. 2 is a side elevational view thereof, with
parts brokan away, and viewed from the right
hand side of Fig. 1.

Fig. 3 is a vertical transverse section taken gen-
erally on line 8—3, Fig. 2.

Fig. 4 i3 a top plan view with a part of the air
outlet scresn broken away.

The tower-typs of condenser embodying the
present invention is substantially symmetrical
along a vertical fore-and-aft medial plane and
hence a description of the apparatus at one side
of the condenser will be deemed to apply to the
counterpart apparatus at the opposite gide of the
condenser, and the same reference numerals have
been applied.

The invention is shown as embodied in a large
tower-type condenser designced for cooling and
condensing the hot compressed gas of compresser-
condenser-expander refrigeration apparatus of
large capacity, say, 350 tons, as well as removing
oil irom this gas.

The condenser includes a main sheet metal
shell 3 of generally vectangular form having a
front wall 8, side walls 8, 8 and a rear wall 9. The
main shell is also provided with a top wall {8 con-
necting the frent, rear and side walls. The bot-
tom wall ! of the shell comprises side drain

boards or sheets each compesed of an ocuter sheet

12 each connected with the adiacent side wall 8
and running the full length of the casing to con~
nect the front and rear walls 6 and 9 and inclin-
ing downwardly foward the center of the shell,
and a sheet 18 of lesser inclination connecting at
its upper edge to the lower edge of the sheet 12
and extending the full length of the shell. These
drain bhoards or sheets {2, 13 discharge into a
sump indicated generally at {4 having vertical
side walls {3 extending the full length of the shell
and a trough shaped bottom 8. The end walls
of this sump are provided by the front and rear
walls ¢ and 9 of the main shell and the sump ccn-
tains a body ¢8 of water. This sump also has a
depressed part §8.

A palr of circular exhaust stacks 20 rice from
the top {€ of the main shell, these stacks being in
fore-and-aft allnement at the center of the shell,
as best shown in Fig. 4. Each of these circular
stacks is provided with an annular flange 21 at
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its upper end and to which 2 circular screen 22
can be secured. Within each of the stacks 20 is
mounted a disk or propeller type fan 23 mounted
on the shaft of an electric motor 24 although re-
duction gearing could, of course, be employed.
The axis of each propeller and its motor is con-
centric with the axis of the corresponding stack
20 and the motor casing can be supported in any
suitable manner as by radial arms 25 connected at
their inner ends to the main shell of the motor
2£ and at their outer ends to the wall of the cor-
responding stack 28. The propeller type of fans
23 are shown as each having four blades, al-
though any number could be used, and are ro-
tated in a direction to draw air from the interior
of the main shell up through the circular exhaust
ducts 20 and oubt past the screens 22. These
blades can be fixed or can be variable piteh blades.

Approximately midway of the height of the
main shell § a baffle plate 28 is provided at each
side thereof, this baffle plate extending the full
length of the shell and connecting with the front
and rear walls § and 9 thereof. Fach of these
bafie plates 28 comprises an upper inclined por-
tion 29 the upper longitudinal edge of which con-
nects with the side wall § about midway of the
height of this side wall. The lower edge of this
inclined portion 28 is continued downwardly at a
steeper angle to provide a downward extension 29
and from the lower edge of this downward exten-
sion 28 the bafile plate is continued horizontally
toward the center of the condenser, ag indicated
at 31. The inner edge of this horizontal part 2{
of the bafile plate connects with the upper edge
of a vertical wall 32 which extends downwardly
from the horizontal part 3{ and at its ends con-
nects with the end walls §, 9 of the main shell, this
verticel wall 382 thereby forming s part of the
baffie plate 28. The lower edge of each vertical
wall 32 is bent fo extend horizontally toward the
companion side wall 8, thereby to provide a shelf
or flange 33 extending the fuil length of the cas-
ing. In horizontal alinement with this shelf or
flange 33 a similar shelf or flange 34 iz mountsa
on the side wall & of the casing.

The baflle 28, including the vertical wall 32 znd
side and end walls of the main shell pravide a
spray chamber, indicated generally at 35, this
spray chamber being open at its bottom, ag indi-
cated at 3% and this opening 85 at the bottom of
the spray chamber being spaced from the bottom
wall {1 of the shell so as to provide a horizontal
passage 38 leading to a central plenum chambear
29 the lower part of which is defined by the verti-

i cal walls 32, 32 of the two spray chambers 35,

Each of these spray chambers 35 is provided
with a pair of air inlets indicateg generally at 48.
These air inlets are arranged in the side walls 8
of the main shell and are arranged to admit air
into the upper parts of these spray chambers.
Tach of these air inlets is in the form of a rec-
tangular neck 4 projecting ocutwardly from a
rectangular opening in the corresponding side
wall 8 and provided with an outwardly extending
vertical flange 42. This flange 42 of each of the
air inlets 40 preferably supports s sereen 43 in
any suitable manner.

A rectangular roof casing indicated generally
at 4% is mounted on the top wall {2 of the main
shell 5 on each side of the circular air exhaust
ducts 29, these casings 48 extending fore-and-aft
but not extending the full length of the main
shell §, as best shown in Figs. 2 and 4. Hach
of these roof casings 45 is shown as having front
and rear walls 46, 48, fore-and-aft side walls &9,
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50 and a top wall 5 the bottom being open and

. secured 1o the top wall 18- of the main shell 5.

The outer side wall 4% of each roof casing 45
is. provided in its bottom with a. rectangalal air:

inlet neck 52 and which permits atmospherie -

air to enter the roof casing 45. Thi ;
air inlet. preferably extends the greatex part of
the fore-and-aft length of the roof casing 48, as
Lest, llustrated in Fig. 2, and preferably cair;es
8 screen 53. In line with this air in
roof casing 45 is provided with a central vert;cal.
bartition 54 which extends the full length of the
roof casing 45. The upper edge of this verbical
central partition is shown as heing appr ommately
in, line with the upper edge of the rect: i
inlet B2 and. the lower end of this

tends through a rectangular opening 5a in ’chp top
wall 8 of the main shell 5. Each rectangular
opemng is covered and’ enclosed by itg roof cas-
ing 85 and is bounded by the front and rear walls.
46 and 48, side wall 58 and vertical central parti-
tion 54 of its casing 45. The lower edge of each
vertical partition 54 projects into the main shell
5 and connects with a baffle plate §3 which in-
clines downwardly toward the center of the main
shell 5 to provide a, passage 81 leading to the
plenum chamber 38. This haffle plate connects
at its ends with the front and rear walls €, 9 of
the main shell. The lower edge of this baffle
plate 58 connects with a vertical Wa,ll, €2, the ends
of this vertical wall also conngcting with the end
walls 6, 9.0f the main shell. It will be seen that
each vertical wall 62 forms a continyation of the
baffle plate 58. - The lower edge of each vertical
wall 82 is formed, to extend toward the adjacent
side wall 8 of the main shell 5 and provide a
shelf or flange in horizontal alinement with this
shelf or flange 63. A counterpart shelf or flange
84, is provided along each of the side walls 8 of
the shell.

The baffie plate 53 veltxcal wali 82, side, front,

rear and top walls of the main shell § provide
a pair of spray chambers indicated generally ak
85, each sporay chamber being open at iis bot—
tom, as indicated at 88, this opening 85 in the
bottom of the spray chamber being spaced, from
the baflie plate 28 so 2s fo provide a horizontal
passage 68 leading to the central plenum cham-
ber- 38, the upper part, of which is defined by
the vertical walls 62, §2 0F the two spray cham-
herg 65.

Each of these spray chambere 85 -is prov1ded
with a pair of air inlets indicated generally atl

70, ‘These air inlets are arranged. in the side

walls. 8 of the main shell and are arranged to.
admit air to the upper part of the spray cham-
bers 85. Each of these air inlets is in the form
of a. rectangular neck T{ projecting outwardly
from an opsning in the corresponding side wall
2 and provided with an outwardly extending ver-
tical Aange 12. This flange 72 of each of the
air inlets 79 preferably supports a scrgen 13
in any suitable manner.

Tor access to the plenum chamber 39 an access.
door 75 is provided in the front wall § of the
main shell. Through this door a man can epter
the plenum chamber 38 and by the use of a ladder
has aceess to the fan moter 24. From this een=
tral plenum chamber aceess is also had to the
internal spray Dpiping hereinafter = described.
Access to the several spray chambers 35 and 68
is had through the several sereened inlet open-
ings 49, 18 by removal of the screens 43, 13, re-
°pect1velv

From the ahove the course of atmosphemc -air
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. usual Tecelver (not shown) of the.iefrlgerati'éﬁ

6

tbmugh thg apmmtus will be readily understood,
the sir I by the free

thwufh thA_ spxay chamher mto the hor17ontal
SSAZE: 98 and thenee. info the central part of

; 1 39, Similarly, at each side
enters, the sereened inlets 52 '

ly tm ugh the upﬂow pass 18 plovlded by the
central partition 54 into the top of the casing
45. FProm the fop of tho casing 45 this air flows
downwardly through the downflow pass T8 pro-
vided by the central vertical partition 54 and
out. through the opening 8§ in the top wall 40
of the main shell into. the horizontal passage 5T

5 and thence into the upper part ef the plenum

chamber 28. Air is exhausted from the upper
part- of the plenum chamber 38 by the fans 23
in-the discharge ducts 29.

Arranged in each of the lower spray cham-
bers 35 is a pair ef ceoling or condensing coils
8n, 8§ these cooling or econdensing coils prefer-
ably being separated by a vertical partition 8§} ex-

ing the full length of the shell and these c¢oils
bemg supported by the shelves or flanges 33 and
34. Each of these coils has an upper horizontal
inlet header 82 disposed adjacent the front wall
6 of the main shell and a lower herizental header
83 also ‘disposed adiacent the fmnt wall & of -

the main shell

22 has an inlet neck 85 extendmv through the
front wall 8 of the main shell and connescted by
a valve 86 -and vertical pipe 88 with a horizontal

header 8% arranged exteriorly of the main shell.
One end of this header 88 is closed and its op-
posite end connects with the shell of an oil
separator 50, the headers 8¢ forming the out-
Tets for this oil separato;‘. This oil separator

ture to reduce the velocl.ty and change the di-
rections of the gas passing therethrough, the
liquid particles of oil settling to the hoitom
of the snpalator from which the oil can be re-
moved through 2 valved outlet 94.

Each of the coil outlet headers 83 has an out~
let. neck 92 extending through the front wall 6

, of the maln shell and connecting with a manifold

iold 93 connects the ouflet necks
oils 80 at each s1de of the appara—

apparatus

Sxmﬂaﬂy arranged in each of the upper spray
chambers- 65 is a pair of cooling or condensing
coils 408 p,referably separated by a vertical par-
tition {01 extending the full length of the shell
and $hese coils being supported by the shelves or
flanges. 63 and 64. Each of these coils has an
upper horizontal inlet. header. 102 disposed ad-
jacent the front wall 6 of the main shell and a
lower horizontal header 103 also disposed ad-
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jacent the front wall 6 of the main shell. Each
inlet header 82 is connected to its companion
outlet header by a plurality of serpentine tubes
104, these serpentine tubes extending the full
length of the spray chamber 65, as illustrated
in Fig. 2. The inlet header {82 has an inlef neck
i85 extending through the front wall 6 of the
main shell and connected by a valve (86 and
vertical pipe i88 with a corresponding horizonial
header 89, this header forming one of the outlets
of the oil separator 98 as previously described.

Fach of the coil outlet headers {83 has an out-
let neck 12 extending through the front wall 6 of
the main shell and connecting with a manifold
113. This manifold {13 connects the outlet necks
112 of the two coils 188 at each side of the ap-
paratus and is provided with a single outlet 114
from which the condensate can be returned to
the refrigeration apparatus.

In each of the roof casings 45 on the roof or
top wall of the main shell 5 is arranged a precool~
" ing coil indicated generally at {{5. Each of these
precooling coils comprises an upper horizontal
inlet header 1i6 and a lower horizontal outlet
header {18, each of these headers being arranged
adjacent the front wall 48 of the casing 43. These
headers {i§ and $(8 are connected by a plurality
of serpentine tubes {i9 which extend substan-
tially the full length of the casings 45, as best
illustrated in Fig. 2. Bach inlet header {16 is
provided with an inlet pipe 120 and forms one
of the inlets for the hot compressed refrigerant
cas to be condensed. The outlet header has an
outlet pipe {21! which extends through the front
wall 45 of its casing 48 and connects with and
forms the inlet of the oil separator 28 as hest
shown in Figs. 1 and 2.

The water for the spray system is withdrawn
from the downward extension 12 of the sump i4
by the inlet line {24 of a recirculating pump {25.
The outlet line 126 from this pump connects with
the central vertical pipe 128 of a spray tree 123
arranged within the main shell 5. This central
vertical pipe {28 has four branches 128 each ex-
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tending transversely of the main shell and 48

through the corresponding vertical wall 32 or 62
into the upper part of the corresponding spray
chamber 35 or §5, these branches {38 being dis-
posed above the coils 83 or 188 within these spray
chambers. HEach branch 1230 terminates in a
valve §3{ having a stem 132 which extends the
side wall 8 of the main shell and is provided, ex-
teriorly of the main shell, with an operating
wheel 123. The outlet 134 from each valve (3!
extends upwardly and connects with a pipe 135
extending substantially the full length of the cor-
responding spray chamber 38 or 88. Each hori-
zontal pipe 135 has a plurality of lateral branches
125 each carrying & downwardly directed spray
nozzle 138.

Tt will be seen that water is withdrawn from
the sump 14 by the pump 125 and passes through
the lines 128, vertical pipe 128, branches 130 and
valves 181 %o the longitudinal pipes 135 from
which it is distributed through the branches 1386,
to the several spray nozzles 138. This water
sprays downwardly upon the coils 8¢ and 160 in
the spray chambers 35 and 85, respectively, and
wets these coils. It will be noted that both the
air and water for these coils is supplied from the
top of each spray chamber. The excess water
from the spray chambers §3 runs down the baffles
29 and vertical walls 32 to the sump (4. Excess

water from the coils. 88 runs down the drain

boards or plates {2 and {3 to the sump 4.

80

65

70

8f
‘Operation

In the operation of the condenser and oil sep-
arator as above described, the hot compressed
gases, having a temperature of, say 210° ., from
the refrigeration system is supplied through the
two inlet pipes (20, and, as best shown in Fig. 3,
enter the inlet headers {16 of the dry precooling
coils 115 and pass through the serpentine tubes
119 of these coils to the outlet headers 118 there-
of. In these coils the gases have their sensible
heat reduced to a temperature of, say, 100° P,
and at this reduced temperature the gases pass
through the outlet pipes 121 to the oil separators
98. In these oil separators, the gas is subjected
to the usual reduction in velocity and change in
direction to cause liquid particles of the oil to
settle to the bottom of the oil separator.

From the outlet headers 89 of these oil sep-
arators a part of the gases passes downwardly
through the pipes 88, under control of the valves
86 to the inlet necks 85 of the inlef headers 82
of the group of condenser coils 80. As best shown
in migs. 2 and 3 the gases pass through the ser-
pentine tubes 84 of these groups of coils and in
this passage are cooled below the condensation
point so as to enter the outlet headers 83 of these
coils as a condensate. This condensate passes
through the outlet necks 92 of these outlet head-
ers 82 into.the manifolds 93 from which the con-
densate is returned to the refrigeration system
through the outlets 94.

The other part of the gases passing through
the oil separators 98 and the outlet headers 89 of
these separators passes downwardly through the
pipes {68, under control of the valves {88, to the
inlet necks {85 of the inlet headers 162 of the
group of condenser coils {80. As best shown in
Figs. 2 and 3 the gases pass through the serpen-~
tine tubes (84 of these groups of coils and in this
passage are cooled below the condensation point
so as to enter the outlet headers 103 of these
coils as a condensate. This condensate passes
through the outlet necks 112 of these outlet head-
ers into the manifolds 112 from which the con-
densate is returned to the refrigeration system
through the outlets 114.

A supply of spray water is maintained in the
sump 14 and this spray water is continuously
being withdrawn by the pump {25 which dis-
charges, as best shown in Fig. 3, through the out-
let pipe {26 and vertical riser {28 of the spray tree
{28, From this vertical riser the water is distrib-
uted through the branches {38 to the horizon-
tal pipes (25, the flow of water through each of
these branches 138 being under control of the
valves 131 which are manipulated from the ex-
terior of the apparatus by the hand wheels (323.
Trom the longitudinal pipes 135 the spray water is
distributed through the several branches 128 to
the spray nozzles {38 which discharge the water
downwardly against the coils 88 and (89.

- A part of this water evaporates on these coils
so as to reduce the temperature of the gas and
condensate flowing through these coils to a tem-
perature close to the wet bulb temperature of
the outside air.. The excess spray water from the
coils 169 flows down the inclined hafile 28 and
vertical wall 32 and returns to the sump 4. The
excess water sprayed upon the coils 86 fows down
the inclined drain boards or plates 2 and {3
and .also returns to the sump 14. Accordingly
it will be seen that the water is recireulated by the
pump 125 and that the nozzles {38 discharge and
digtrihute the stream of recirculated water over
each of the cooling coils 89 and {89 to wet the

$rd
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exterior of each of these cooling coils and to
evaporate and absorb heat therefrem, with the
excess returning to the sump (4. It will par-
ticularly be noted, however, that the coils 145 in
the roof-casings45 are not wetted. . )
Two groups of streams of atmospheric air are
drawn into the plenum chamber 39 by the disk
fans 24 in the discharge ducts 20 -and are dis-
charged from-these exhaust duets. ‘
One group of these air streams enters this
plenum chamber 28 through the inlets 52 of fhe
casings -45 on the roof or the top wall 40 of the
main shell and thence passes up the upfiow passes
18 and down the dewnflow passes 79 of thege roof
casings 45 and thence passes through the open-
ings 55 in the roof 40 to the passage 571 formed
by the baffle plates §8 and into the plenum cham-
ber 39.° Sl -
The other group -of air streams wenter the
screened inlets 40-angd 70 in the side walls 8of the
main shell and pass downwardly through the
spray chambers 35 and 85 and past the coils 80
and 180 in these spray chambers. From these
spray chambers 80 and 199, respectively, the air
passes through the horizontal passages 38 and 68
into the plenum chamber 39, :
The first group of air streams passes the tubes
of the dry primary or superheat cooling coils £18.
in the roof casings 45 and thereby precools the gas
to be condensed. These primary or superheat
epoling coils 115 are proportioned to remove the

superhea$ from the gas to be condensed .and to

cool it to a temperature slightly above its con-
densing temperature. - The gas to be condensed

therefore leaves the outlet headers 118 of these

14

g
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20

36

primary dry superheat coils 415 in the form of 4. -

gas and at a temperature slightly above its con~
densing temperature, o
At this temperature it has been found that the
maximum amount of oil can be separated from
the gas to be condensed. In-cocling the gas to be
condensed to this temperature slightly above its
condensing temperature the oil vapor in the gas
is condensed so as to be in liquid form. At the
same time the gas to be condensed is still in the
liquid from & gas and not of a liquid from a liquid
as would be the case if the temperature of the gas
to be condensed were permitted to fall below its.
condensing temperature, .
Accordingly in passing through the oil sepa-
rators 90 from the outlet headers 118 of the dry
superheat coils 115 the oil in the form of a liquid
is readily separated from the gas which is still
in the form of & gas. These oil separators are of
the usual type in which the velocity of the gas
is greatly reduced and the direction of its flow
changed whereby the entrained oil falls by gravity
to the bottom of the separators from which it can
be removed at intervals through the valved drains
9i.
‘The gas leaving the oil separators 80, as 'abqve
described, passes through the coils 80 and 100.
T.he_s_e coils are sprayed with water Wlt;}drawp
from the sump 14 at the bottom of the main shell
5 and discharged through the nozzles 138 against
the tubes 84 and 194 of these coils 80 and 100,

respectively, as above described. The cooling of

id passing through these wetted condensing
f’:l;flsﬂ glllda%d Ing is therehy effected egsentiany_ by
the evaporation of the water sprayed on these
coils. At the same time the fluid being treag;ed
has been cooled to such an extent on passing
through the dry primary superheat cooling coils
{15 that there is no tendency for scale to form
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45

of a gas so that the separation is of & -

80

on the condensing coils 80 and 100 from the
water sprayed thereon. By employing evapo-
rative cooling with the secondary coils 80, 108,
these coils have many times the cooling capacity
of 2 dry surface cooling coil of the same size,
Further, sincean evaporative cooling coil cperates
in response to the wet bulb temperature of the
oytside .air and sinece under normal conditions
the wet bulb temperature of the outside air is
substantially lower than its dry bulb temperature,
the condensate leaves at a very much lower tem-
perature than if the coils were not wetted. This

‘condensate leaves the outlet headers 83, 1§3 of

the coils 88, 130 respectively, and flows through
the outlets 92, 412 to the manifolds 83, (13 and is
returned through the outlets 84, 114 to the usual
receiver (not shown) of the refrigeration
system. ' o '

An important feature of the invention resides
in the fact that the apparatus as above described
is self-balancing in response to variations in load
and in response to variations in atmospheric con-
ditions influencing the operation of the eon-
denser. - Under normal conditions the cutside dry
bulb temperature rises and falls with the outside
wet bulb temperature. With a light load upon
the condenser, or g low wet bulb temperature of
the outside air-drawn inte the air inlets 48 and 18,
greater cooling is effected by the sprayed con-
denser coils 89 and 188 and consequently the head
pressure drops.  The cendensing temperature
rises and falls with the head pressure and hence
under light load or low wet bulb. .conditions the
condensing temperature of the gas being con-
densed drops. ' At thesame time with such a light
load or low dry bulb temperature of the oubside
air the primary dry .superheat cooling coils {15
cool the gas to be condensed to a lower tempera~
ture. Hence, with light load or low outside wet.
and dry bulb conditions, while the head pressure
and condensing temperature of the gas is lowered,
the primary dry superheat coils 15 effect a
greater amount of cooling and hence bring the
gas to its lowered condensing temperature. Con-
versely, with heavy load -or high outside wet bulb
conditions, & higher head pressure and higher
condensing temperature is maintained by the
sprayed condensing coils 838 and {86 and at the
same time, because of the higher entering tem-
perature. of the gas or the higher dry bulb tem-
perature of the outside air, the primary cooling
coils 119 are less effective and the gas leaves these
coils at a higher temperature. The apparatus is
self-balancing, therefore, in that under varying

5 load or outside temperature conditions -the

~ sprayed coils 80 and 100 adjust the head pressure
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and corresponding temperature to accord with
the increased or decreased cooling effect of the
dry primary coils {i5. Henece these dry primary
Superheat cooling coils 115 can be designed to-
bring the gas close to but not below the condens-
ing temperature under all normal cenditions of
operation. ,

An important feature .of the invention resides
in supplying both the air and sprayed water from-
the upper parts of the spray chambers 25 and 65
downwardly upon the coils 88 and 16@ therein so
as to provide a downflow of hoth air and water
over these coils. Thus it is important that the
spray nozzles {38 spray from above the coils so
as to keep all parts of these coils wetted. By alsc
having a downflow -of air the air movement aids
the movement, of the films of water on the tubes-
of the coils by pushing the water along and in
doing so reduces the thickness of each film to a
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minimum. By so reducing the thickness of the
films of water on the tubes to a minimum heat
transfer from the outer surface of the film, which
is subjeet to evaporation, to the tube surface, is
improved and holding the water thickness to a
minimum also prevents such build up of the
water as would impede the air. Further by such
downward flow of air, the air meets the evapora-
tive coil surface at a minimum wet bulb tempera-
ture, thereby utilizing the highest possible mois-
ture absorbing properties of the air. If the air
moved upwardly, the air would first be contacted
by the water falling from the coils which would
increase the wet bulb temperature of the air be-
fore the air reached the evaporative coil surface.

From the foregoing it will be seen that the pres-
ent-invention provides a large capacity evapora-
tive condenser or cooler which is composed of
units which can be readily fabricated at a factory
and also readily assembled in the field; which is
fully accessible for repair, inspection or cleaning;
which can be used in any number of sections to
adjust it to less than capacity demands and to
permit of repair of certain sections without shut-
ting down the apparatus completely; which is free
from scaling and also in which the oil is advan-
tageously separated from the gas when the appa-
ratus is used as a condenser; and which cperates
efficiently and without service difficulties.

Iclaim:

1. A cooler of the character described, com-
prising a shell having top, bottom, front, rear and
side walls, an internal bafie at each side of said
shell and extending horizontally lengthwise of
said shell and forming with the corresponding side
wall a pair of spray chambers arranged one above
the other, a generally vertical wall enclosing the
inner upper part of each of said spray chambers
and having a space thereunder providing an air
outlet from the lower inner part of each spray
chamber to a central plenum chamber bounded
by said generally vertical walls, a plurality of air
inlets in each of said side walls and each leading
to the upper part of a corresponding spray cham-
ber, a pair of cooling coils in each of said spray
chambers between its air inlet and its air outlet
and through which the fluid to be cooled is
adapted to pass and over which the air from the

corresponding air inlet flows dowawardly and out

through the corresponding air outlet, the cooling
coils of each pair being arranged side by side to
extend generally parallel with the adjacent side
wall of said shell, a vertical partition between
each pair of said coils and extending parallel with
the adjacent side wall of said shell, means ar-
ranged in the upper part of each spray chamber
above the cooling coils therein to discharge and
distribute a stream of water over the ccoling coils
therein to wet the exterior of said cooling coils
and to evaporate and absorb heat therefrom, a
sump in the bottom wall of said shell, a pump

recirculating water from said sump to said dis~-

charging and distributing means, an exhaust duct

in said shell leading from said plenum chamber,

and an exhaust fan in said exhaust duct.

2. A cooler of the character described, com-
prising a shell having top, bottom, front, rear
and side walls, an internal baffle at each side of
said shell and extending horizontally lengthwise
of said shell and forming with the correspond-
ing side wall a pair of spray chambers arranged

one above the other and said baflles forming with -

one another a central plenum chamber hounded
by said top, bottom, front and rear walls, a plu-
rality of air inlets in each of said side walls and
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each leading to a corresponding spray chamber,
the side of each of said spray chambers opposite
its said air inlet being open to said plenum cham-
ber, a cooling coil in each of said spray chambers
and through which the fluid to be cooled is
adapted to be passed, means arranged to dis-
charge and distribute a stream of water over each
of said cooling coils to wet the exterior of each
of said cooling coils and to evaporate and absorb
heat therefrom, a sump in said bottom wall of
said shell, a pump recirculating said water from
said sump to said discharging and distributing
means, an exhaust duct in said shell leading
from said plenum chamber, an exhaust fan in
said exhaust duct, a precooling coil, means ar-
ranged to pass a stream of air over said precool-
ing coil, and means conducting the fluid to be
cooled in series first through said precooling coil
and then through said wetted coils.

3. A cooler of the character described, com-
prising g shell having top, bottom, front, rear and
side walls, an internal baffle at each side of said
shell and extending horizontally lengthwise of
said shell and forming with the corresponding
side wall a pair of spray chambers arranged one
above the other and said bafles forming with one
another a central plenum chamber bounded by
said top, bottom, front and rear walls, a plurality
of air inlets in each of said side walls and each
leading to a corresponding spray chamber, the
side of each of said spray chambers opposite its
said air inlet being open to said plenum cham-
ber, a eooling ceil in each of said spray chambers
and through which the fluid to be cooled is
adapted to be passed, means arranged to dis-
charge and distribute a stream of water over each
of said cooling coils to wet the exterior of each
of said cooling coils and te evaporate and absorb
heat therefrom, a sump in said bottom wall of
said shell, a pump recirculating said water from
said sump to said discharging and distributing
means, an exhaust duct in said shell leading from
sald plenum chamber, an exhaust fan in said ex-
haust duct, a precooling coil, means arranged to

. passa stream of air induced by said exhaust fan

over said precooling coil, and means conducting
the fluid to be cooled in series first through said
prelcoohng coil and then through said wetted
coils

4. A cooler of the character described, com-
prising g shell having top, bottom, front, rear
and side walls, an internal bafile at each side of
said shell and extending horizontally lengthwise
of said shell and forming with the corresponding
side wall a pair of spray chambers arranged one
above the other and said baflles forming with
one another a central plenum chamber bounded
by said fop, bottom, front and rear walls, a plu-
rality of air inlets in each of said side walls and
each leading to a corresponding spray chamber,
the side of each of said spray chambers opposite-
its said air inlet being open to said plenum cham-
ber, a cooling coil in each of said spray chambers
and. through which the fluid to be cooled is
adapted to be passed, means arranged to dis-
charge and distribute a stream of water over each
of said cooling coils to wet the exterior of each of
sald cooling coils and to evaporate and absorb heat

_therefrom, a sump in said bottom wall of said
70

shell, a pump recirculating said water from said
sump to said discharging and distributing means,
an exhaust duct in said shell leading from said
blenum chamber, an exhaust fan in said exhaust
duct, a precooling coil at each side of said casing,
mears arranged to pass a stream of air over each’
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of said precooling -ceils, and means conducting
the fiuid to becocled in two streams each stream
of said fluid passing in series first through one of
said precooling coils and then through the wetted
ceils on the corresponding side of said shell.

5. A cooler of the character described, com-
prising a shell having top, bottom, front, rear
and side walls, internal baffles at each side of said
shell and extending horizontally lengthwise of
said shell and connected to said shell to provide
with said side walls a pair of spray chambers ar-
ranged ohe above the other, .each of said bafiles
being formed to extend downwardly toward the
center of the .shell and to provide an :air outlet
opening from the lower part of each spray.cham-
ber to a plenum chamber bounded by said bafiles
and said top, bottom, front and rear walls, a plu~-
rality of air inlets in each of said side walls and
each leading to the Upper part of a corresponding
spray chamber, a cocling coil.in each of said spray
chambers between its air inlet and .outlet and
through which the fluid 4o be cooled is adapted
to-pass and over which the air from the corre-
sponding air inlet flows downwardly and. oub
through the corresponding air outiet, means ar-
ranged in the upper part of each spray chamber
above the cooling coil therein to discharge and
distribute a stream of water over the cooling coil
therein to wet the exterior of said cooling coils
and to evaporate and absorb heat thereirom, a
sump in. the bettom wall -of said shell, a pump
recirculating said water from said sump to said
discharging and distributing means, an exhaust
duct in said shell leading from said plenum
chamber, an exhaust fan in said exhaust duct, a
precooling coil, means arranged t0 pass a stream
of air over said precooling coil, and means con-

‘ducting the fuid to e cooled in series firsy

through said precooling coils and then through
said wetted coils.

6. A cooler of the character described, com-
prising a shell having top, bottom, front, rear
and side walls, an internal baffle at each side of
said shell and extending horizontally lengthwise

of said shell and forming with the correspond- -4:

ing side wall a pair of spray chambers arranged
one above the other and said baffles forming with
one another a central plenum chamber bounded
by said top, bottom, front and rear walls, a plu-
rality of air inlets in each of said side walls
and each leading to a corresponding spray cham-
ber, the side of each of said spray chambers
opposite its said air inlet being open to said
plenum chamber, a cooling coil in each of said
spray chambers and through which the fluid to
be cooled is adapted to be passed, means ar-
ranged to discharge and distribute a stream of
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water over each of said cooling coils to wet the .

exterior of each of said cooling coils and to evap-
orate and absorb heat therefrom, a sump in said
bottom wall of said shell, a pump recirculating
said water from said sump to said discharging
and distributing means, an exhaust duct in said
shell leading from said plenum chamber, an ex-
haust fan in said exhaust duct, a casing mounted
on the exterior of said shell, an opening in said
shell and providing communication between the
interior of said casing and said plenum cham-
ber, an air inlet for said casing whereby said
exhaust fan induces the flow of a stream of air
through said casing, a precooling coil in said
casing, and means conducting the fluid to be
cooled in series first through said precooling coil
and then through said wetted coils.

7. A cooler of the character described, com-
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14
prising .a shell having top,- bottom, front, reas
and side walls, an internal baffle at each side of
said shell and extending horizontally lengthwise

-of said shell- and forming with the correspond-

ing side wall a pair of spray chambers arranged
one above the.cther and said bafles forming with
one another a central plenum chamber bounded
by said top, bottom, front and rear wails, a plu-
rality of air inlets in each of said- side walls
and each leading to a corresponding spray cham-
ker, the side of each of said spray chambers
opposite its said air inlet being open ta said
plenum chamber, a-cooling coil in each of said
spray chambers and through which the fiuid to
be cooled is adapted to 'be passed, means ar-
ranged to discharge and distribute a stream of
water over each of said cooling coils to wet the
exterior of each of said cooling coils and to evap-
orate and absorb heat therefrom, & sump in said
bottom: wall of said shell, a pump recirculating
said water from said sump to said discharging
and distributing means, an exhaust duct in said
shell leading from said plenum chamber, an ex-
haust fan in said exhaust duct, a casing mounted
on the exterior of said shell, a central partition
across said casing and extending generally per-
pendicular to the adjacent wall of said shell a
distance short of the oppcsite end of said casing
to provide two passes therein, an opening in said
shell and providing .communication between the
adjacent end of one of said passes and said
plenum chamber, an air inlet for said casing lead-
ing to the end adjacent said shell of the other
pass, & precooling coil in said casing, and means
conducting the fluid to be cooled in series first
through said precooling coil and then through
said wetted coils. » '

8. A cooler of the character described, com-
prising a shell having top, bottom, front, rear
and side walls. an internal bafile at each side of
said shell and extending horizontally lengthwise
of said shell and forming with the correspond-
ing side wall a pair of spray chambers arranged
one above the other and said bafiles forming with
one another a central plenum chamber bounded
by said top, bottom, front and rear walls, a plu-~
rality of air inlets in each of said side walls
and each leading to a corresponding spray cham-
ber, the side of each of said spray chambers
opposite its said air inlet being open to said
plenum chamber, a cooling coil in each of said
spray chambers and through which the fluid to
be cooled is adapted to be passed, means ar-
ranged to discharge and distribute a stream of
water over each of said cooling coils to wet the
exterior of each of said cooling coils and to evap-
orate and absorb heat therefrom, a sump in said
bottom wall of said shell, a pump recirculating
said water from said sump to said discharging
and distributing means, an exhaust duct in said
top wall leading from said plenum chamber, an
exhaust fan in said exhaust duct, a casing
mounted on the roof of said shell at each side
of said exhaust duct, an opening in said shell
and providing communication between the in-
terior of each casing and said plenum chamber,
an air inlet for each casing whereby said ex-
haust fan induces the flow of streams of air
through said casings, a precooling coil in each
of said casings, and means counducting the fluid
to be cooled in two streams each stream of said
fluid passing in series first through one of said
precooling coils and then through the wetted
coils on the corresponding side of said shelil.

9. A cooler of the character described, compris-
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ing a shell having top, bottom, front, rear and
side walls, an injernal bafile at each side of said
shell and extending horizontally lengthwise of
said shell and forming with the corresponding
" side wall a pair of spray chambers arranged one
above the other and said baffles forming with one
another a central plenum chamber bounded by
said top, bottom, front and rear walls, a plurality
of air inlets in each of said side walls and each
leading to a corresponding spray chamber, the
side of each of said spray chambers opposite ifs
said air inlet being open to said plenum chamber,
a cooling coil in each of said spray chambers
and through which the fiuid to be cooled is
adapted to be passed, means. arranged to dis-
charge and distribute a stream of water over each
of said cooling coils to wet the exterior of each
of said cooling coils and to evaporate and absorb
heat therefrom, a sump in said bottom wall of
- said shell, » pump recirculating said water from
said sump to said discharging and distributing
means, an exhaust duect in said shell leading from
said plenum chamber, an exhaust fan in said
exhaust duct, a preccoling coil, means arranged
to pass a stream of air over said precooling coil,
means conducting the fiuid to be cooled in series
first through said precooling coil and then
through said wetted coils, and an oil separator
in said fluid conducting means between said pre-
cooling coil and said wetted coils.

18. A cooler of the character described, com-
prising a shell having top, bottom, front, rear
angd side walls, an internal bafile at each side
of said shell and extending horizontally length-
wise of said shell and forming with the corre-
sponding side wall a pair of spray chambers
arranged one above the other and said baffles
forming with one another a central plenum
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chamber bounded by said top, bottom, front and
rear walls, a plurality of air inlets in each of
said side walls and each leading to.a correspond-
ing spray chamber, the side of each of said spray
chambers opposite: its said air inlet being open
to said plenum chamber, a cooling coil in each
of said spray chambers and through which the
fluid to be cooled is adapted to be passed, means
arranged to discharge and distribute a stream of
water over each of said cooling coils to wet the
exterior of each of said cooling coils and to evap-
orate and absorb heat therefrom, a sump in said
bottom wall of said shell, a pump recirculating
said water from said sump to said discharging
and distributing means, an exhaust duct in said
shell leading from said plenum chamber, an
exhaust fan in said exhaust duct, a precooling
coil at each side of said casing, means arranged
to pass a stream of air over each of said precool-
ing coils, means conducting the fiuid to he cooled
in two streams each stream of said fluid passing
in series first through one of said precooling coils
and then through the wetted coils on the corre-
sponding side of said shell, and a pair of oil
separators in said fluid conducting means and
each arranged between one of said precooling
coils and the weited coils on the corresponding
side of said shell.
‘ CHARLES N. DEVERALL.
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