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3,4,786 
GAS AND LIQUED CONTACT APPARATUS 

Lawrence Macrow, Fayetteville, and Martia M. Wara 
Adeisberg, Syracuse, N.Y., assignors to Carrier Corpo 
ration, Syracase, N.Y., a corporation of Deiaware 

Fied Jaa. 4, 1969, Ser. No. 2,491 
4. Clains. C. 26-24) 

This invention pertains to gas and liquid contact ap 
paratus and more particularly to an improved liquid 
distribution systein for use in such apparatus. 

in Aunters Patent No. 2,809,818, granted October 15, 
1957, there is disclosed cooling tower structure including a 
packing, Inaans for passing gas through the packing, and a 
rotary sprayer for distributing water over the packing. 
The packing may be composed of alternate corrugated 
and plain sheets attached at their points of contact to pro 
vide a plurality of adjacent parallel cells of relatively 
small cross-sectionai areas between the flat an undulating 
folds of tiae sheets so that liquid can bridge the walls of 
the cells by surface tension. Means are provided on the 
packing to break the bridging of the liquid. The undulat 
ing folds of the corrugated sheets provide the spacing of 
the partition walls of each cell, and the edge portions of 
the asserinbied sheets provide a large area through which 
liquid enters and leaves the packing. The sheets are pref 
erably composed of paper possessing qualities of high 
moisture absorbency and a large degree of wet strength. 
The moisture absorbency increases the effectiveness of the 
acking in heat transfer. 
The rotary sprayer for distributing water over the 

packing includes a plurality of arms with spaced openings 
therein. The sprayer subdivides the stream of supply 
water into droplets which are sprayed over the packing. 
The heavier droplets discharged from the sprayer con 
tact the top of the packing and flow downwardly there 
through by gravity, however, the smaller droplets dis 
charged from the sprayer may be caught up in the air 
stream and discharged from the cooling tower. To re 
move the Sinaller droplets suspended in the air stream 
before it leaves the tower, eliminator plates are often 
provided in the cooling tower over the rotary sprayer. 

revious rotary sprayers required drilling of closely 
spaced holes in the arms thereof. The diameter of the 
holes constantly increased from the center of the sprayer 
to the extrernity of the arms. This method of forming 
the openings in the sprayer arms is costly. Too, the small 
openings tend to become clogged with foreign matter in 
use and reduce the efficiency of the cocling tower as a 
res; it ci Fieqial Wetting of the packing. 
The chief object of this invention is to provide gas 

ai-d liquid contact apparattis in which these disadvantages 
or defects in prior constructions are obviated. 
An object of the invention is to provide gas and liquid 

contact apparat is including an improved sprayer which 
assures a uniform distribution of water over the top of 
the packing. 
A further object of the invention is to provide an 

improved spray arrangefinent for gas and iiquid contact 
apparatus which obviates the need for eiiminator plates. 
Another object of the present invention is to provide 

an improved sprayer for use in gas and liquid contact ap 
paratus which uniforniy wets the top of the packing and 
shich is adjustable for various water flow rates, aid can 
therefore equaize density of distribution regardiess of 
the area wetted. 
A still further object is to provide an improved sprayer 

having an elongated sict extending substantially the length 
thereof that can easily be cleaned. 

ihis invertion relates to gas and liquid contact appara 
tus and incides in combination a casing, a packing in the 
casing comprised of a series of closely spaced wall mem 
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bers defining cells open at the top and bottom adapted to 
be moistened from above, the cross-sectional area of each 
cell being so small that liquid can bridge the walls of the 
cell by surface tension, and neasis on the packing for 
breaking the bridging of liquid, means for passing a gas 
stream through the packing, and means for distributing a 
liquid over the packing comprising a sprayer rotatably 
nointed in the casing above the packing closely adjacent 
the top thereof, the sprayer including a hub adapted 
to be connected to a source of liquid, at least one tubular 
Sprayer arm connected to the hub, the ram having a slot 
therein extending substantially the length thereof, means 
for adjusting the width the slot, to affect a uniforn 
distribution of liquid over the top of the packing and 
baffle means connected to the arm extending substantially 
coextensive with the slot to redirect splashing liquid to 
the top Surface of the packing. 
The attached drawings disclose a preferred embodiment 

of the invention in which: 
FiCURE 1 is a sectional view of a cooling tower em 

bodying the present invention; 
FIGURE 2 is a bottom view on an enlarged scale of 

the improved rotary sprayer; 
FIGURE 3 is an enlarged transverse sectional view 

through the sprayer arm taken along the line E-II of 
FIG JRE 2, with parts being omitted; 
FIGURE 4 is a sectional view showing the relation 

ship of the deflector to the arm of the water distributor. 
Referring to the drawings, there is disclosed in FG 

URE 1, a cooling tower employing the present invention. 
This cooling tower 4 includes a casing 5 mounted on sup 
port members 6. Along the lower portion of the casing 
and extending substantially around the entire casing are 
Suitable lolivers 7, which permit air to pass into the lower 
portion of the casing. In the extreme lower portion of the 
casing is located a suitable sump 8 wherein water is col 
lected. The water level is maintained at a desired height 
by means of the supply ine 9 in which is connected a 
Suitable valve 10 operated by float i? in the sump. 

Packing 2, preferably of the type disclosed in Munters 
Patent No. 2,809,818, is mounted above the sunlp 8 and 
louvers 7. This packing 2 is supported by suitable 
meat;S Such as rods or angle irons 3 which are secured 
to the inside of casing 5. 
Above the packing is mounted water distributor or 

rotary sprayer i4. In the preferred embodiment, this 
Water distributor comprises hub A5 and a plurality of 
arms 15 each having a slot if extending substantially the 
length thereof. These arms are in fluid communication 
with hub i5 which is rotatably mounted above bearing 
assembly 8. Each arm E3 has a removable cover 36 
on the Outer end thereof to permit access to the interior 
of the arm to clean the same and has a flage 3 con 
nected on the other end thereof. Scts 32 are formed in 
the fange to peririt rotary adjustment of arm 6 with 
respect to hub E5. Suitable bolts 33 extend through each 
Siot 32 and connect flange 3E to hub i5. Normally each 
arm is secured to hub 15 so that slot 47 is at an angle 
to the vertical whereby the reaction of the water leaving 
slot E7 in arrin Sé will rotate the water distributor 4. 
Rotation of arm 5 with respect to hub 5 will change 
the angie of discharge of the water leaving the slot from 
about 5 to 80. The greater the ange of discharge or 
more nearly the slot approaches the horizontal, the great 
er will be the thrust. As a consequence, the distributor 
4 will rotate faster. 
Ef desired, motor means may be incorporated in bear 

ing assembly 8. The motor means may comprise a 
Small turbine which rotates the hub and passes water into 
the arms 3 from whence the water is discharged onto 
packing E2. 
Water is introduced in bearing assembly 8 through 



3,114,786 
3 

'supply or riser pipe E9 from the place where it is used 
and the cooled water fails in the sump 8 and is conducted 
from the Sump to the place of use. 

Suitable fan means 22 are mounted in the upper por 
tion of the casing 5 to draw air through the packing in 

- heat exchange relation with water passing therethrough. 
he cooled water collects in Sump 8 and is discharged 

*therefrom through conduit 20 to the place where it is 
used. Pump means (not shown) are provided to force 
the water through conduits 19 and 28. 
FIGURE 2 discloses a bottom view of water distribu 

tor or rotary sprayer 4. Baffle 22 is suitably secured 
to arm 6 as for example, by bolt 23, and extends sub 
stantially over the length thereof. If desired, baffle 22 
may be integrally made from a plate or from sheet metal, 
however, it is preferred that baffle 22 be made in parts; 
a first rigid part 24 preferably sheet netal, connected 
to said arm and a second resilient part 25 as for example, 
rubber, connected at the rear of tha first rigid part by 
screws 40. Part 24 includes a downwardly bent por 
tion 24 the end of which in normal operation is closely 
adjacent the top surface of packing 2. Though only 
two arms are shown connected to the hub 5, it will be 
apparent that one or more arms may be employed as 
desired. 

Rotary sprayer 14 is mounted closely adjacent the 
top of packing 2 as seen in FIGURE 3. The tendency 
for the water to splash and be caught up in the upwardly 
imoving air stream is resisted by baffle 22 which traps 
the splash water and redeposits it on the top of packing 
12. Thus, the necessity for the series of eliminator plates 
'commonly used in cooling tower of this type to remove 
the splash water from the air stream discharged from 
the cooling tower is obviated. 

Slot 7 is generally tapered towards the hub as best 
seen in FIGURE 2 to obtain a uniform wetting of tha 
surface of the packing. A progressively greater quan 
tity of water is discharged along the length of each arm. 
The highest efficiency of evaporative cooling is attained 
when an equal quantity of water is discharged upon each 
increment of surface area of packing A2. The width of 
the slot 17 at a given distance R from the axis of rotation 
of the sprayer is determined by the following formula: 

(Dm2-Dn'2)x GX 2.6137X 10-2 
Y-WP, (160x10-ix Nax r) 

where: 
W=the width of the slot at point in taken at R distance 
from the axis of rotation of the sprayer, expressed in 
inches. 
Di-twice the distance taken from the axis of the supply 
pipe to point in, expressed in inches. 
Dit'=twice the distance taken from the axis of the sup 
ply pipe to point ra', a minute distance from point n. 
G=t design flow rate of water in gallons per minute per 
Square foot of top surface of packing 12. 
Ps=initial static pressure supplied in sipply pipe at 
entrance to arm é, expressed in feet of water. ass 

N=desired revolutions per minute of the sprayer. 
Adjustment means 26 may be uniformly spaced along 

the arm 16 to taper slot 7 and to vary the width of 
slot 7 along the length thereof. The width of the slot 
at each adjustment means may be calculated from the 
above formula and the adjustment may be made at the 
time of fabrication. The slot gradually widens and then 
narrows somewhat near the extremity of arm 5. By 
virtue of the unique conformation of slot A7 an equal 
quantity of water is discharged upon each square inch 
of Surface area of packing 2 regardless of the water flow 
rate through the sprayer, which may be from one to 
ten gallons of water per minute per square foot of top 
Surface area of packing 22 depending upon design con 
siderations. Normally when the cooling tower is part 
of a mechanical refrigerating system, the flow rate may 
Vary from 3 to 8 gallous per minute per square foot of 
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4. 
top surface area of packing 12 and when the cooling 
tower is part of an absorption refrigeration system, the 
flow rate may vary from 1 to 4 gallons per miilite per 
square foot of top surface of packing 2. 

Each adjustment means 23 is preferabiy co: 
bolt 27 extending through openings 23 and 29 
f6 and having external threads on an end thereof 
nut 36 having complementary internal threads therein. 
As is readily apparent, by rotating nut 38 in one direction, 
the walls of sprayer arm 56 drawn together narrow 
ing the slot, and by rotating nut 38 in the opposite direc 
tion the walls of arm 96 are permitted to move apart 
widening slot S7. For clarity, only three adjustment 
means have been shown in each arim. Obviously the 
number of adjustment means used will be dependent upon 
the length of arm 16. 

if desired each adjustment means may be comprised of 
a bolt extending through a hole in arm 6 at one side of 
slot 7, said bolt having threads on the other end thereof 
adapted to be screwed into a threaded hole in arm 6 on 
the other side of the slot. Turning the boit in one direc 
tion would draw the walls of the arm closer together 
narrowing the slot and turning the bolt in the opposite 
direction would permit widening of the slot. 
Water discharged from the portion of the slot adjacent 

supply pipe A9 would have an outward force component 
and thus the packing surface adjacent supply pipe i9 
might not be uniforniy moistened. To assure that the 
packing surface immediately adjacent supply pipe 9 is 
inoistered, a deflector piate 35 is fixed in each arm about 
one-half inch from the beginning of slot 17. 
The arm may be fabricated from a length of standard 

pipe or tube having a slot cut therein or from a flat sheet 
rolled so that the opposite ends are closely adjacent one 
another to form a slot. 
An advantage of the improved rotary sprayer is the 

ease of cieaning the tapered slot. By inserting a narrow 
ife-like tool in the slot adjacent the hub and drawing 

said tool toward the end of arm 6, the slot can be readily 
cleaned. Further, cover 36 may be removed to facilitate 
cleaning the inside of each arm 6. 

in operation, water is pumped through supply pipe 9 
to hub 25. The reactive force of water issuing from 
tapered slot 7 rotates the sprayer A4 and effects a uni 
form distribution of water over the surface of packing 2. 
Deflector plate 35 directs a small portion of water flowing 
in arm 16 onto the surface of packing A2 adjacent pipe 
59 to assure wetting said surface. The water flows down 
wardly by gravity through the cells formed by the closely 
Spaced Wall members of packing 2 and forms a film on 
the wall members. Fan means 21 causes air to be drawn 
through louvers 7 into casing 5 and up through packing 
22 in counterflow relation to the water to effect evapora 
tive cooing thereof. This is done at the cost of evap 
orating approximately two percent of the water passed 
through the packing. The cooled water collects in sump 
8 and is removed therefrom through conduit 29 to the 
place where it is used. 
Water issuing from slot 27 strikes the surface of the 

packing and splashes. In the absence of baffle 22 the 
Splash water would be picked up in the air stream and 
discharged from the cooling tower. This would neces 
sitate drawing more water through supply line 9 and 
would increase the operational costs of the cooling tower. 
Part 24 is initially adjusted so that the lower tip of bent 
portion 24 is approximately one-half inch from the sur 
face of packing 12. Most of the splash water is deflected 
back to the packing surface by part 24 and portion 24'. 
The remainder of the splash water is redirected to the 
acking Strface by resilient part 25 which can trail on 

the top of packing 2. Because of the upwardly moving 
air stream, part 25 contacts the surface of packing 12 
only lightly or flutters adjacent the surface of packing 
E2 as the distributor 4 rotates. 
While we have described a preferred embodiment of 
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the invention, it will be understood that the invention is 
not limited thereto since it may be otherwise embodied 
within the scope of the claims. 
We claim: 
1. In a gas and liquid contact apparatus, the combina 

tion of a packing, means for passing a gas stream through 
said packing, liquid supply means, and means for dis 
tributing the liquid over said packing to flow therethrough 
in contact with the gas stream passing therethrough, said 
distributing means comprising a sprayer rotatably mount 
ed above said packing adjacent the top thereof, means 
for rotatably mounting said sprayer, said sprayer includ 
ing a tubular arm having a slot therein extending sub 
stantially the length thereof and placed in the lower por 
tion thereof to discharge liquid from the arm toward the 
packing, said liquid supply means communicating with 
the interior of said tubular arm, and adjustment means 
for tapering the width of said slot toward the axis of ro 
tation of the sprayer whereby the liquid discharged from 
said slot is uniformly distributed over the top of the 
packing, said adjustment means including a plurality of 
bolt means spaced from each other longitudinally of the 
arm for adjusting the width of the slot. 

2. A gas and liquid contact apparatus according to 
claim 1 in which baffle means are provided extending 
Substantially coextensive with the slot therein to redirect 
Splashed liquid onto the top of said packing, said baffle 
means including a resilient part adapted to trail said arm 
closely adjacent the top of said packing to substantially 
confine liquid discharged from said slot to the top surface 
of said packing. 
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3. Gas and liquid contact apparatus according to claim 

2 in which the baffle means include a plate secured to 
said arm having a downwardly bent portion the end of 
which in operation is adjacent the top surface of the 
packing. 

4. Gas and liquid contact apparatus according to claim 
1 in which a deflector plate is provided in the arm ad 
jacent the slot and proximate the axis about which the 
arm rotates to assure that the packing most proximate the 
axis about which the arm rotates is moistened. 
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