COOLI NG TOANER PACK This “invention relates to a cooling pack and @i @néﬂw %
pack for a cooling tower, of the type wh¢rein, in the cooling tower, water
passes over ‘a surface as a thin film and is traversed by air which

evaporates sone of the water, and when an elimnator is used, the air

traverses the elimnator pack and sheds droplets of entrained water. An

engi neering name for such a pack is "A'direct contact mass and heat

transfer pack", and it can be useQOPUNGTOWEBWACRUr poses ot her than cooling
towers or elimnator packs. A "cooling tower pack" is such a device, which
canR{ot h (a) provide direct contact mass and heat transfer, and (b) limt

carry-over fromthe heat exchanger of drift, when used in relation to
cool i ng t ower sSThiz\GkerensbonrrelatesVveEnT ROgorddng mack rand cebininatornhpack
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proven to be an extrene Iclent way to achieve, a high ree o
cool i ng. pack”, and it can be used for various purposes other than
cooling towers or eliminator packs. A "cooling tower pack"

is such a device, which can both

(a) provide direct contact mass and heat transfer, and
(b) limit carry-over from the heat exchanger of drift, when
- used in relation to cooling towers.

BACKGROUND OF THE INVENTION

The applicant herein was the inventor in the matter of
Australian Patent 559279 (10254/83) in the name of Hydro
Thermal Engineering Pty. Ltd. The cooling tower pack
described and illustrated in that specification has proved to
be particularly successful, and was based on the principle

\ that the greater the ratio- of interface area between water

"7 and air related to the volume of water in the pack, the
greater the evaporation and hence the ability to cool the air
and water. The pack described therein maintained water as a
film over the surface of the pack elements as the water
descended, and this has been proven to be an extremely
efficient way to achieve a high degree of cooling.

The first object of the present invention is to provide
improvements whereby the face-~to~-face contiguity of the



The first object of the present invention is to provide inprovénments
the face-to-face contiguity of the cool i ng pack and el i m nator

wher eby

pack el enments is reduced so that there is a very small

anount of crevice

area, and in turn the possibility of algae growmh, or |egionella or other

bacteria growth, is substantially reduced. A second object is to provide

nmeans whereby the size of the cooling pack for a given area of air/water

i nterface,
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than with the arrangement previously invented by the inventor
herein. '

However difficulties of design occur when attempts.aré made
to avoid face-to-face contact of bridge portions of the pack
(as described in said specification 559279). If attempts are
made to nest edges of one pack element against complementary
surfaces of an adjacent pack element, the geometry is such
that it becomes necessary to have different shapes for
alternate elements, and this is=ﬁneconomicél;'both with
regard to tooling and with regard to pack assembly.
Furthermore, the_reduction'of-surfade-to;surface.contact area
is not as much as is regarded as desirable. |

BRIEF SUMMARY OF THE INVENTION

In this invention, a cooling tower pack comprises a stack of

pack elements, each said element in plan having a stepped

corrugate shape defined by a plurality of bridge portions
which are separated by webs, each said element in side edge
elevation'having a curved corrugate shape defined by a
plurality of ‘alternate oppositely facing ridge portions, and
lands each existing in a said web of each element abutted by
adjacent elements and separating the elements. The lands
avoid large face-to-face contiguity areas, and thereby result

can be substantially less than with the arrangenent previously
invented by the inventor herein. Howev& difficulties of design occur when
attenpts are nade to avoid face-to-face contact of bridge portions of tkgs

pack (as described in said specification 559279). If attenpts are nade t0
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whi ch are separated by webs, each said elenent- in side edge el evation
havi ng a curved corrugate shape defined by a plurality of alternate
oppositely facing ridge portions, and |ands each existing in a said web of
each el enent abutted by adjacent el enents and separating the el enents.

The | ands avoid | arge face-to-face contiguity areas, and thereby result

in only a mninmumof crevice area between the adjacent elenents of the
pack. It has al so been found that an elim nator pack having the sane
configuration as the cooling pack provides &8 extrenely efficient

elimpator for elimnation of water particles fromthe discharging air
stgeani The principle of elimnation of water particles fromthe air stream
i s that of caushngndyhangdnimumr ofi i onevice raneacrhetwesncithauadjagent

heavi er than a%( el PRIEhE! Sacko collide with the surfaces of the
el i mnator pack so that such vater can return into the tower body and not

be "di scharged into the atnosphere. The design of the elininator is also
concerned withr#n Ragi W1k tbeencFounACEhd® any d1limiwatbi hpack Isgiring the

corrugate shape all ows.snoath.air fl t gur  wit ) N m of

Curbutence. | sage - EYREEAREtiSh o, Bhe' GoBTiNG. Heck PAUTIAYY 0 extremely

i nportantly, tefEficiemtiehiminatercfovi ediminatiion of water particles from
the discharging air stream.

The principle of elimination of water particles from the air

\_J stream is that of causing a change in direction of air
movement which causes the heavier than air water particles to
collide with the surfaces of the eliminator pack so that such
water can return into the tower body and not be discharged
into the atmosphere.

The design of the eliminator is also concerned with
minimising the resistance to air flow and the curved
corrugate shape allows smooth air flow to occur with a
minimum of turbulence. The "evaporation area" is also
increased.

But more importantly, the invention limits crevices which
N\, could harbour and release biological and chemical substances
" which may cause disease and damage if allowed to escape into

the environment as an aerosol or as particles.

It is curfently considered by many authorities in the general
science of cooling tower design that Legionnaire’s Disease
for example results from the victim breathing in an aerosol
containing bacteria which has been allowed to proliferate in
water cooling towers, and other devices such as showers, and
be discharged into the environment.



coul d harbour and Tel ease biol ogical and chem cal substances which may
cause di sease and damage if allowed to escape into the environnent as an
aerosol or as particles. It is currently considered by many authorities in
t he general science of cooling tower design that Legionnaire's D sease for
exanple results fromthe victimbreathing in an aerosol containing bacteria
and ot her

whi ch has been allowed to proliferate in water cooling towers,

devi ces such as showers, and be discharged into the environnent.
di mensi ons and spacing of the el ementstpf both the elimnator pack and the

cooling pack can be readily varied in order to vary the elimnation and{,

cooling performances required for any particular application.

BRI EF

The

DESCRI PTTDR GFimefisions NssdAspatbignert thet helemeeartts oofi saihcrtited

her eundegy _l,_ﬂlﬁQlEBrdg anWI %ﬁﬁ}hﬁ%ﬁ&ﬁﬁc‘i}aﬁé’ ﬁﬁp%e roadil yél‘.al

t he acconpanylng UstTafes a do

havi ng aOF8&Y n

ﬂn

ower

Opa&rxumnsééw%iem ARt FOPLERG m@rfgrmgms

" expl odegeqii¢i-eRe €brV any pareicRiek appIHeatiof.awn to a larger scale,
3 is a fragnentary front elevation of a pack el enent, Fig. 4 is a side

el evation of Fig. 3, showing two pack el enents assenbled
BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention is described hereunder in some
‘detail with reference to and is illustrated in the

accompanying sketches, in which:

Fig. 1 illustrates a cooling tower  having a cooling pack

surmounted by an eliminator pack,

Fig. 2 is an "exploded" perspective view of pack elements,

drawn to a larger scale,

Fig. 3 is a fragmentary front elevation of a pack_elemeﬁt,

Fig. 4 is a side elevation of Fig. 3, showing two pack

elements assembled,

- Pig. 5 is a section taken on line 5-5 of Flg. 4, but showing

the pack elements sllghtly separated, and
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Fig. 5is a section taken on line 5-5 of Fig. 4, but show ng the pack

el enments slightly separated, and Fig. 6 is a section simlar to Fig. b5,
but showi.ng the section at line 6-6 of Fig. 4. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Fig. 1 illustrates a &ooling tower 10 which is 5.
provided with a cooling pack 11 surnounted by an elimnator pack 12, and
bet ween those two packs there is provided a plurality of water distribution

pi pes 13. The tower conprises, an outer case, 14 whi ch houses the packs. The
packs .11 and 12 are i deHls calis R iIrRctippesimilar to gy s Ul Shawing angd

it i~ nportant that the el enents, shoul d b senpled sinply and inserted
into outer case 14 REEIMNiHed HHOWY, t‘?ﬁ?ﬁ%\/e tion is directed to the

shdpes of the pacﬁgﬂ t&%ﬂgi@%eﬁsﬁ;@IyREfﬁkﬁ.%s@%{rﬁ? pack

elements 16 is currugate in seen 1Th FI(s. havi ng a

stepped corrugate shaplgigg_ef.i ”Pﬂnlyttaa | ?l%&t’ﬁ{e" Bgdc er{]t{i@?is 1357,

Joi ned by webs 18. I n side elevation el enents are 20.

of curved ., si NUOUSERF{ 3Rt D APl il i padiel 1 DadiMovhtdd! g idny Of
alternative oppositely facing ridge portions 20.
eliminator pack 12, and between those two packs there
is provided a plurality of water distribution pipes 13.
The tower comprises an outer case 14 which houses the
packs. The packs 11 and 12 are identical in the shape
of their eiements.'énd it is important that the elements
should be assembled simply and inserted into outer case
14.
As explained above, this invention is directed to
the shapes of the pack elements and their assembly, and
15. each pack elements 16 is currugate in plan as best seen
in Figs. 2, 5 and 6, having a stepped corrugate shape
defined by a plurality of bridge portions 17, joined
by webs 18.
\_ In side elevation (Fig. 4) the pack elements are -—
'IZO;M o .of.cﬁfvéd sinu&ﬁs coérugate”shéée-which is definedmby“
a plurality of alternative oppositely facing ridge
portions 20.
At the locality of'each'fidge portion 20 the webs
g 18 of each side of that ridge portion are deformed to
25. "~ have an outwardly convex projection 21 adjacent an
outwardly concave projection 22 (this is probably best
seen in Figs. 2 and 3). On what may be regarded as the

outer face of each web 18, the convex projections 21



At the locality of each ridge portion 20 the webs 18 of each side of that
ridge portion are deforned to 25. have an outwardly convex projection
21 adj acent an outwardly concave projection 22 (this is probably best seen
in Figs. 2 and 3). On what may be redarded as the outer face of each web
18, the convex projections 21 termnate in a |land designated L1, the
| and being spaced fromthe adjacent bridge portions 17 by a vertical
di stance D, while each of the concave projections 22 extends inwardly and
extends up termimatdrinige Jand idesbgnated LY, the landibwires spaced
downwardly facing land L2, also a vertical distance D fromthe other brj
portion 17,fxem smﬂvnadmafeerstpemﬁcmemqrtmw gb7 by andvextigal t hese | ands’ Ll
and L2 abut surfaces of adjacent pack el ements 16, in each instance
abutting a dif§aree o d”l’blf %Ig%‘%r?f obhe 7cqmcave DroiRFtiang i2€e of a web.
By this nmeans therefore ack elements 16 are accurately located with

respect to YEEPE Hway SREENDS IR FR HRAF PTAIE P 1R,
8 o e LA LT AR, R AR 0,
Ll TR G SRR et BELIR Ydsefin el o the
shown more specifically in Figs. 5 and 6, and these lands
L1 and L2 abut surfaces of adjacent pack elemeﬁﬁs'IG, in
each instance abutting a surface of a bridge portion 17 o
10. . and a surface of a web. "By this means therefore the pack \w(
elemehts 16 are accurately located with respect to each
other. |
In order‘that.é single moulding can be used,
~ alternative pack elements are reversed end to end with
15. respect to the remainder, and ae can be best seen in Fig.
4, the projections 21 and 22 are asymmetrical with the
bridge portions 17, being off-set so .that at the locality
of every ridge portion 20, there'are two abutment areas
at L1 and L2 on each 51de of each brldge portlon 17. ;~ \,J
m"ib; - Slnce the convex and concave portlons 21 and 22 o R
respectively open to the lower and upper portions of the
channels as seen in Figs. 5 and 6, each pack element 16
can be identical to the other pack elements and can be
formed by a_simple and inexpensive drape or vacuum.
25. moulding process. Since the corrugations in side
elevation (Fig. 4)'ére smooth curved, very little

turbulence will occur either to water which passes over

their surfaces or to the flow of air, and yet as



at L1 and L2 on each side of each bridge portion 17. 20 Since the
convex and concave portions 21 and 22 respectively open to the |ower and
upper portions of the channels as seen in Figs. 5 and 6, each pack el ement
16 can be identical to the other pack elements and can be fornmed by a
sinpl e and i nexpensive drape or vacuum 25. moul di ng process. Since
the corrugations in side elevation (Fig. 4) are snooth curved, very little
turbul ence will occur either to water which passes over their surfaces or
to the flow of air, and yet as illustratedythey have sufficient |ateral
dlspPapenents betmeen ridge portions 20 for the elimnator pack 12 to be
effectlve inelimnating droplets of water. A consideration of Figs. 5 and

6, and conpari ééﬂ-“(ﬁtmtﬁéspbhﬁl’nd’lwavmﬁigﬁfﬁ-ﬁl%w Aateral adimplacements
559279 wi || Insbﬁabent alddd)i Sot€iéhs | DUEFIONEKE eélhﬁlh&ﬁbﬂaiﬁﬁzﬁ h£2 to be

Patont). By foPfe %Esﬁrv%aféwn w%%s%a?rm% R ¥2H8T any { nt er  upt i on
to air and water flow is mnimsed. ) A coollng t over pack conpri sing
a stack of pack eLgHE Y\ ur£E£EnS%F eéf&?(‘t 5N 2ha" §2VidWa? 8o6BREYson of
corresponding drawings in said Australian Patent 559279 will
indicate that this later invention greatly increases the
evaporation surface area (to almost double that shown in the
earlier Patent). By formation of the projections in the webs
U . 18, any interruption to air and water flow is minimised.



corrugate shape defined by a pluregity of bridge portions whi ch are
separated by webs, 5 each said elenent in side edge el evation
havi ng a curved corrugate shape defined by a plurality of alternate
oppositely facing ridge portiogpgp e | ands each existing in a said web of
each el enent abutted by adjacenmt etenments and separating the elenments. 10
- 2. A cooling tower pack according to claim1l wherein each said web
conprises a Rl uraki I n ti,0 chee di ng for
portion onIyRof t eE%o%En%“SW?%?ﬁ*a |%§ﬁpgﬁghﬁé é P%agi gf éta%ﬂ:coollng
t ower pé@&méﬁﬁgrdeaﬁhtQaihae!b&eﬁﬁeiﬁ'Pl&ﬁ haviBgCh Stegpwdb conprises QJL
plurality of outmardly concave, inwardly forned projections extending for®
porti oncéskigatet Bhapebdesidetcby aaplugality ofi Briagd. pértiofiscool i ng
tower pack according to claim1l wherein each said web is provided with a
pl ural ivhich paersepérdfed bypwebsections spaced along its length, each palr
f projections conprising an outwardly fornmed convex portion of the web

xt endi ng frenpbneaéé|elsmeugeiposiﬂeneéaete&ayatépgsgavhegwebcanued
termnating a distance 'D__from an adjacent said bridge portion,

and an ?ﬂﬁﬁ?ﬂ??eféhﬁﬁﬂ gsfiinsd BYo?eEiP6ﬂ1é§¥eﬂﬁlﬁQtPFﬁﬁgﬁhat adjacent

bri dge ort| sai gd_one_-br e portion and termnating the sane
di st anc g£ﬁ£¥m? gl‘fﬁiii&i’ﬁf@&ii 1111111222 11 * cC L M

S ¥ and lands each . existing in a said web of each element

&

- abutted by adjacent elements and separating the. elements
10 - 2. A cooling tower pack according to claim 1 wherein o/
each said web comprises a plurality of outwardly convex
projections each extending for portion only of the web, and
terminating in a said land.
3. A cooling tower pack according to claim 1 wherein
15 each said web comprises a plurality of outwardly concave,
inwardly formed projections extending fer portion only of the:
web, and terminating in a said land.
4. A cooling tower pack according to claim 1 ﬁherein
each said web is provided with a plurality of pairs of _
20 - projections spaced along its length, each pair of projeetions ™~
comprising an outwardly formed cohvex portion.of the web
extending from one said bridge portion part-way across the
web and terminating a distance ‘D’ from an adjacent said
bridge portion, pe
25 and an inwardly formed concave projection extending from

that adjacent bridge portion towards said one bridge portion

and terminating the same distance ‘D’ therefrom.
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g 5. A cool ing tower pack according Ef claim4 wherein the shapes of the
pack elenments are simlar, but adjacent’elenents are in reverse orientation
with respect to each other and one | and of each said pair of |ands of any

one 5 el enent is abutted by a bridge portion of an adjacent el enent. 6.
A cooling tower pack according to claim1 further conprising an outer case

retaining said el egent sastaskefly Cower p&eR! 48E0LE £3CK1 864k Of WrH@ré On
claiml1l wherein 10 each said el enment” conprises a thernoplastic sheet

whi ch has beethéosh@pek Ooft 6héapackheDembits AF&PeimDLAE] Mueratfssentd. A
cool1ng t ower -pack according to claim1l wherein each said el enment conprises
a thernnplastebemhnts ahe cinhneverse éviemtiationtwithi despegpe ty eaclcuum
forn1ng process. 15 9. A cooling tower pack substantially as

her-ei nbef or e @kheriaed onenlandcefneach sadd pair|ofistandef ranncone

aCQonpanylng dramnng
element is abutted by a bridge portion of an adjacent

element.
6. A cooling tower pack according to claim 1 further
comprising an outer case retaining said elements stacked.
7. A cooling tower pack according to claim 1 wherein
10  each said element comprises a thermoplastic sheet which has
been formed to its said shape by a drape moulding process.
8. A cooling tower pack according to claim 1 wherein
each said element comprises a.thermoplastic sheet which has
been formed to its said shape by a vacuum forming process.
15 9. A cooling tower pack substantially as hereinbefore

described with reference to and as illustrated in the

accompanying drawings.
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