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To all whom it may concermn: -

Be it known that I, HENRY L. DOHERTY a
citizen of the United States, residing at
Madison, in the county of Dane and State of

Wlseonsm have invented certain new and .

useful ImprovementsmApparatus for Cooling
Laquids, of which the following 1s a specifi-
cation, reference being had to the drawings
accompanying and forming part of the same.

My invention, subject of the present appli-

cation, relates to apparatus for-cooling liquid
of the type in which the liquid is distributed
over a large area or surface and exposed to
the atmosphere, whereby the heat lost by

evaporation and radlatron from. the hqmd“
- will be rapid and the temperature reduced to

a degree at least as low and in some instances
even lower than that of the surrounding air.

Among the objects which I'seek to attain
by my invention several of the more impor-
tant may be mentioned as follows: first, to
provide an apparatus of the kind referred to
which shall distribute the water or other lig-
uid to be cooled over a very large radiating-
surface; second, to eflect such distribution

evenly and make the quantity of liquid ex-

posed per unit area of radiating-surface uni-
form throughout the apparatus; third, to pro-
vide a constant, uniform, and ra,pld circulation
of air through the epparetus without the use

of artificial-draft devices; fourth, to produce,

such an apparatus which shall possess & very
high efficiency and yet be inexpensive both as
to materials and as to labor in constructing 1t.

In ca,rrymg out my invention I employ a
“tower,” constructed in any desired manner
suitable for the purpose—as, for example,
oné of the well-known “mill”’ type of struc-
ture. The tower contains a number of
“floors,”’” as many as may be necessary, com-
posed of a large number of stringers, prefer-
ably arranged in series in consecutive parallel
planes. Over these stringers are stretched
sheets or strips of fabric or other material.

On the topmost floor 1s a system of distribut-
from which the liquid to be.

cooled is delivered upon the aforesaid sheets
or strips with substantially perfect uniform-
ity throughout the apparatus, so that all

parts of the structure will be utilized to the |
Spreading over the strips .

best advantage.

or sheets the liquid is exposed over a large
area, and the loss of heat due to redlatlon '

i and evaporation is therefore rapid. The

apparatus being provided with suitable

' egress and 1ngress openings at top and bot-

tom, the air therein, warmed by absorption
of heat from the hquld will rise, and passing

out at the top will permit cooler air to enter

below, which in turn will be. warmed and
caused to pass out of the apparatus. The
circulation thus produced will continue as
long as the supply of warm liquid upon the
exposure-sheets is kept up. As the liquid

. spreads over the sheets it nally reaches the

lower ends of the same, by which time 1t
should have been reduced to at least the tem-
perature of the outside atmosphere or lower.
From the exposure-strips it falls into a suit-
able drain located below the same, from
which 1t may be collected for _utlhzetron

For further explanation of the invention
reference may now be made to the accom-
panying drewmgs whleh show the preferred
embodiment.

Figure 1 is a side elevation with part of
the wall brcken away to show the interior
arrangement of the apparatus. Fig. 2 1s a
plan view of the same, showing the arrange-

ment of the conduits for dlstrlbutmg the

31sa.

liquid to the exposure-sheets. Fig.
KFig. 4 1s

transverse central section of Fig. 1.

' a detail plan view of one of.the supply-con-

duits,showing the arrangement for deliver-
ing ]1qu1d at a substantially constant head to
the discharge-conduits. Fig. 5 is a detail
elevation of the same with one side partly
broken away. Fig. 61is a detail cross-section

of one of the discharge-conduits, showing ex-

posure-strips connected thereto. Fig. 7 1s a

detail side elevation of the same with the ex-

posure-strips omitted.
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The structure consists, breadly, of any

suitable framework hawng a number of
stringers arranged in tiers or floors. As the
precise construction of the preferred form is
important, from an economical standpoint,
at least, 1t may be described somewhat in
detail. The sides of the supporting-frame
are compcsed of uprights-1, connected in
pairs by transverse erlls 2 and dmgonel braces
3 3, the whole forming a series of cross-trusses

JOO

of the desired strength and rigidity. The

cross-trusses are connected by lengltudma,l |

sills 4 4.
Upon the supporting-frame ]ust described

10k
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rests the structure which carries the cboling I cooli_ng—étrips upbﬁ the colle@ﬁing—surface 16,

devices proper. In the preferred embodi-
ment of the mvention it consists of two side
and one central series of uprights 5, carrying
longitudinal string-pieces 6 and upper sills 7.
Transversely across the string-pieces and also
the sills 4 are stringers 8, arranged in vertical
series, as shown in Fig. 1. The whole ¢f the
tower above the supporting-frame 1s inclosed
by suitable walls, as shown at 82, Fig. 1.

- Interwoven vertically through the string-
ers are strips or sheets 9 of porous material,
as shown in Figs. 1 and 3, constituting the

- exposure-surface upon which the water 1s

15

distributed. It will be understood that the

~.tower is substantially filled with these strips

20

of material, though only a portion thereof is
shown in Hig. 1. ' '

- For the purpose of _deliverihg' the hquid

uFon the expcsure or radiation sheets 1 em-
ploy a system of conduits, which is preferably
constructed as follows:

Liocated transversely across the structure

~ and resting on the upper sills 7 is a V-shaped

30
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trough 10, into which the liquid to be distrib-
uted 1s discharged, as from a pipe 11, termi-

nating at about the center of the trough, as

shown in Figs. 1, 2, and 3. At the ends of
the trough and in communication therewith
are longitudinal distributing-conduits 12 12,
and extending inwardly from the latter are
lateral conduits 13, registering with the
stringers 8 and resting upon the upper sills 7.
The lateral conduits are provided with dis-

charge-openings in their side walls, through

- which the water to be cecled issues upon the

- 40
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depending strips 9. The distributing sys-
tem may e protected by acasing 15 entirely
open at the top, so as to offer no impediment
to the flow of air from the tower, and may be
strengthened by longitudinal and transverse
connecting strips or braces, (indicated by 12®
and 12° respectively.) The casing 15 consti-
tutes, in effect, a continuation of the walls of
iéheftower and serves to increase the natural
ratt. | |

From the foregoing the operation of the

apparatus will be readily understcod. The i

liquid discharged into the central trough is
delivered to the longitudinal conduits 12,
from whence it passes to the lateral conduits
13. From the latter it flows out upon the
exposure-sheets 9. Spreading over the lat-
ter, both by gravity and capillary attraction,
1t parts with its heat by evaporation and
radiation into the air in the tower, which sir,
being thus warmed, rises and passes out
through the open top of the structure. The
partial vacuum thus produced causes cocler
alr to enter through the open bottom to be in
turn heated and discharged. A portion of
the water in the sheets 9 will of course evap-
orate and pass out as vapor with the warm
alr; but the remainder will descend to the
bottom of the apparatus and drip off the

f

ation of the sluices will now be clear. |
water flows through the outer division of a

from whence it runs into the drain 17 and is

finally collected in the sump 18. '
My invention alsp embraces a number of

structural detaills which have been found to

be of wvalue.
describe. - | S

It 1s desirable of course that the liquid to
be cooled be uniformly distributed over the
cooling-surface. Otherwise, as would be the

T'hese 1 shall now proceed to

case 1f one part of the same were thoroughly

saturated while "another part contained a

70
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smaller amount of moisture, the apparatus

as a whole would not operate with the de-

sired efficiency. To insure such uniform dis-

‘tribution, so that the saturation of all the
cooling-sheets may be kept at the maximum,

1f desired, 1 have devised the following sys-
tem of distributing conduits or channels:

As before stated, the central trough 10 dis-
charges into longitudinal conduits or sluices

12 12. The latter are of the same depth

throughout, but are divided by diagonal par-

80

titions 19, extending from the trough 10 and

gradually approaching the outer walls of

their conduits, as shown more clearly in Fig.

2.  Asshown in Figs. 4 and 5, the partitions
19 are provided at intervals with vertical
shts 20, through which the two divisions of
the sluice are in communication. The oper-
As the

Q0
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sluice it escapes into the inner division

through the slits 20, and its volume is thereby

diminished. At the same time, however,
the cross-section of the outer division is.con-

stantly growing less on account of the ap-

proach of the diagonal partition 19 to the
outer ~wall. Consequently the level or

““head” of water in the outer division is the

same throughout its length, and as the inner
division 1s receiving water at uniform pres-
sure from the same-sized openings located at
regular mtervals the head in that division is
also uniform. In the inner walls of the inner
divisions are slits 21, Figs, 2, 4, and 5, through
which the hiquid flows into the lateral con-

ICH

105'
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duits 13." The walls of the latter are also

slitted, as shown in Figs. 6 and 7, permitting

| the water to be discharged upon the cooling
sheets or strips 9, which, it will be remem-

rry

bered, are directly under the lateral conduits

13. The strips may, in fact, be secured to

the projecting bottoms of the lateral conduits,

as shown in Fig. 6, so that the liquid will be

discharged directly upon the strips. Since
the head of water delivered to the trans-

verse channels 13 is the same in all, the flow
therethrough is alse uniform in all. These

| passages might also be made with decreasing

cross-section, as by causing the walls thereof

120

to approach each other toward the center, so -

as to make the head of liquid therein uniform
throughout the length of each; but. a simpler
and for most purposes a satisfactory method

130
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1s shown 1n Figs. 6 and 7. The walls of each
of the transverse or lateral conduits are par-
allel, but the outlet-slits 132 therein are in-
clined upwardly away from the middle of the
conduit, toward the sluices from which the
liquid 1s received. By inclining the slits the
iquid is more evenly distributed upon the
strips than would be the case if vertical slits

were used. In the latter case the liquid

would be discharged in separate streams
some distance apart from each other, where-

‘as In the former arrangement the delivery is

- 1n 1ts effect more like a cortinuous sheet of

L5
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liquid, as would be the case if the water were
discharged through a longitudinal slot in the
side wall of the %ateral conduits or were al-
lowed to overflow the side walls. '

By the distributing system above de-

-scribed the distribution of liquid on the ex-

posure-surtace is made substantially uniform.
throughout the tower. The quantity of wa-

ter to be cooled is in most casesvarying, and

the demand on a cooling-tower is that it takes
care of the entire amount of waterthat inust
be cooled irrespective of its relation to the
quantity at which the apparatus, theoret-
ically at least, 1s most efficient. In my ap-
paratus, regardless of the amount of water
vhat passes through the tower, the liquid sup-
plied 1s distributed equally to all parts of the
same, so that the operation of the tower is at
all times maintained at substantially the
highest efliciency of which it is capable under
the given circumstances. Though I prefer
to use the distributing system just described,
1t will be understood that other means for dis-
tributing the liquid may be employed, if de-
sired, without unduly sacrificing the advan-

tages flowing from other features of the in- |

vention.
The material which I prefer to use for the

exposure or radiation surface is a woven fab-

ric of organic material, such as burlap or can-
vas. Heretofore metal fabric, aswire-gauze or
other inorganic materials, have usuaﬁy been
used and so far as the broad scope of my in-
ventlon is concerned may alsobeused therein;
but I have found that burlap or some other

orfi{_a,nic tabric gives much better results. 1
believe this to be duein part to the fact that it

1s more porous, and therefore holds a greater
quuantity of liquid, causing it to flow more
slowly through the apparatus. Conse-
quently a comparatively small apparatus
using such material for the exposure-surface
will expose the liquid to the air as long as a

- much larger apparatus in which wire-gauze is
~ used for that purpose. The organicfabric also

Oc

65

has Innumerablefine threads or filaments pro-
jectingfrom its surface and into theinterstices
of 1ts mesh, which by capillary attraction be-
comes covered with liquid. The liquid is thus
hnely divided and its exposed surface greatly
mcreased. The capillarity of the fabric also
causes the liquid to distribute itself over the

surface.

same, so that if the supply is concentrated at

one polnt the liquid nevertheless spreads to all
parts of the fabric and is prevented from
flowing along paths of least resistance, a
tendency Whicﬁ in most towers 1s very
marked.
whatl more rapidly than wire-gauze; but it is
cheap and may be replaced when necessary
at a comparatively slight expense.

The weaving of the exposure-strips alter-
nately “‘over and under’” the stringers,
whereby the strips are disposed in zigzag

lines, 1s also imporiant, as it gives a baffling
eflfect, causing the air rising through the
tower to be divided into a number of cur-

rents of sinuous formm. A given volume of

| air 1s thus distributed over a greater area—

that 1s, 1t 1s made to have a larger absorption-
. The sinuous paths of the currents
also cause all parts of the currents to come
1in contact with more or less of the exposure
or radiating surface on which the liquid to be
cooled is distributed before they finally es-
cape at the top of the tower. A greater pro-

portion of the total heat-absorbing capacity

of a given volume of air is thus utilized.
This feature is also capable of use to advan-
tage In other apparatus. S

1t will be noted that the exposure sheets or
strips are arranged edge to edge across the
frame 1n one direction and side by side across
the frame in another direction, thereby form-

ing rows or series in two directions across the

- apparatus.

As above stated, the form or construction
of the specific embodiment of my invention

which I have shown herein is also important,

as 1t 1s simple, light, and strong and may be
constructed at low cost of labor and mate-
rials. The framework and walls may be of
wood or metal, and in either case common

commerclal shapes may be used. It is to be

understood, however, that theinventionisnot
confined to the precisestructurementioned, as

the latter is merely the preferred form, but

may be embodied in other forms to suit dif-
ferent circumstances. - -
- What I claim is— -

1. Ina cooling apparatus, the combination

| of a frame, a plurality of radiation sheets or
- strips suspended vertically therein in zigzag

lines in staggered relation to one another, and

means for discharging liquid upon the said

sheets or strips, as set forth.
2. In a'cooling apparatus, the combination

of a frame, a plurality of exposure strips or

sheets suspended vertically therein, arranged
edge to edge in one direction across the frame
and side by side in another direction across
the frame, forming rows or series across the
apparatus, and a plurality of spaced stringers
extending across the frame and engaging al-
ternate strips, whereby the latter are given a
sinuous form, as set forth.

3. Ina cooling apparatus, the combination

70

Such material deteriorates some- -
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S0

35

gQ

95

100

105

I10

1.15

120

125

130



i

of a frame, an exposure-surface therein, and

means for discharging liquid upon the said

10

Y

20

~ head of liquid will be maintained fshroughm_l_t-

30

surface, comprising a plurality of conduits
discharging upon said surface, and one or
more sluices discharging into the conduits,
said sluices being adapted to maintain a sub-
stantially uniform head of liquid throughout

‘their extent; as set forth.

4. In a cooling apparatus, the combination
of a frame, an exposure-surface therein, a plu-
rality of transverse conduits discharging liq-
uid upon said surface, a pair of longitudinal
sluices discharging into the conduits at the
ends thereof, a transverse trough discharging
into the sluices, and means for maintaining a
substantially uniform head of liquid in the
sluices, as set forth.

5. In a cooling apparatus, a distribﬁtingi-

sluice of unvarying depth and varying cross-

section. whereby a substantially uniform

its length, as set forth. | o
6. In a cooling apparatus, a distributing-

sluice of unvarying depth, having parallel

side walls, and a diagonal partition therein

‘having ports for delivering liquid from one
division of the sluice to the other, as set forth.

7. In a cooling apparatus,the combination
of a distributing-sluice of unvarying depth
and. varying cross-section, whereby a sub-
stantially uniform head of liquid will be

‘maintained throughout its length, a plurality

of conduits extending laterally from the
sluice, having discharge-apertures, and a plu-

1
1

844 336

from the conduits to receive liquid therefrom,
as set forth. -

8. Ina cooling apparatus, the combination
of a distributing-sluice of unvarving depth,
having parallel side walls and a diagonal ap-

erture therein having ports for delivering

| rality of ‘exposure sheets or stripsdepending 35

40

liquid from one division of the sluice to the

other, a plurality of conduits extending later-

ally from the sluice and having apertures for

the discharge of liquid, and a plurality of ex-

posure sheets or strips depending from the
conduits to receive liquid thereirom, as set

| forth. | - _
- 9. Inacooling apparatus, the combination

- of an open supporting-frame consisting of a

| plurality

of trusses; a superstructure com-
osed of vertical side members, a plurality of

horizontal string-pieces carried thereby, a
plurality of stringers carried by the string-
55

pieces, and a _waﬁl surrounding the super-

structure; a plurality of sheets or strips of

organic fabric disposed vertically on the

 stringers; a distributing sjstem for discharg-

ing liquid upon the said sheets or strips at- .
o

‘rate upon all; a casing surrounding the dis-

their upper ends and at substantially the same

tributing system; and means below the su-

perstructure for collecting the cooled liquid;

as set forth. - - - -
HENRY L. DOHERTY.
Witnesses: | - . |
R. B. SuLLIVAN,
EUGENE Y. SAYER.
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