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: ·.·· ··' ; '.~;4fEVA,PO~TIVE HEAT EXCHANGERS 
.· .. , :·: >·~ ·': ... ::,.= .· 

. (71) ': : We,<BALTIMORE'·<:A.IRGOIL 
COMPANY INC., a SOnporatiori:,~zed: 
and)~sting, Under ;.the laws of. the :State of 

. Delaware; ·.United· ·States . of , Amet,ica, of 

S. Montevideo ROad, Je~p,, M.acyland;:u~ted 
. Smte(of 'America, do hereby decla.re 'the in­
·• ventioi:dor which we p-ay that a pa:~~nnay 

be granted tc:l. ;us; and th~ method bY, which 
.it jS, t<). be penonn~ ot be partictilarly de-

10: scri~dinand by the;follQWing statement~ -

· .... ·exJ:~ven::·•·::~~·~:f;ti:·:·~:z 
. changers of the' type whiclure usaj_ for _cooling 

)
5

_,' :tJ:;~--~X:.~o~- and.Xa~~~.~'''.~th~ 
i Co'riventioruu <:ooling rowers have ·b,er~tc).fote 

.·• .. :v~~~~rr:~~~~~~i::V:~~ 
. fanJor pumping air.to contact the laige~\ya~ 

·20 . surface.' ~n :addition; :coi;iventio~l eqUipment 

·~~~~~~ 
·25: . ent hor5ej)9wei, requii-¢1ents .. · Gene~~Y, they 

.·are kicat¢ fu.'separate_ ¢quipment,iu'eafthere­
. ·. · by · ll"Cquirlrig: extensive ' eledtri.cal wiring and 

. ·controls. Furtheniio(e,<rifost cooling,tOwers use 
. :a plurality . of fans' reql.iiring Several! motors. 

30'. Tl),e fans have to· :re•<pr0te~d again!lt. un4ue 
.• •-·_·exJ)osure ·to mo~·;~iid a certain ·\Uliqun.t of ' 

·•··. maintenance, ·sucll·u ··bearing lubricati011 arid 

.}!~ ~~~W~ryAwlic~tiC>Il:·~~.· '4;1110 
"35 . (S,e#a1 No: 1i299921)descnbes and ¢l.ai,riis an. 

. ·.• eyai>orilti\Te heai :exchanger in whi:ch:: water to 
1>e ,C9QlCd' 15 . sprayed into a co11dl.iif -an.a en"". 

.• 4o •..• ~•··_::~:~~~E~~!:~;;:1~:~~~:v~Z-
.• tiv~ iheat_ ex~ger. mc:luding ,a• longitudinally 
·ex~ding:coridUit,haV!ing m.~is .whic,h 'ex­

, 'tends. stlbStaritiallY h<)rizontally,,, said . coD.d.Uit 
.: having mi iiilef end exptised to atmosphere',and 

. 45 : an oµtlet erid,; means to spray water mto _the 
' Jiil~t enc1· of * condtiit to entrain ait' throUgh 
. .t:be i*t -to !flow µtrollgh the condl.iit, the outlet 

... IPrice 2Sp] · . ·'.' .•. ,. , .: · · 
·. "( 

end of the <,'Onduit · colll11riµl~catitig ·with the 
atinosphere ·arid w.ith. a. water· collect<>r. · 

More -particularly, the. present invention 50 

provides an evaporative heat·ej.changer includ-

ing a longitudinally extending ·conduit havfug 
an· axis·which extend.S 8ubStantially horizontal-
ly, sa~d conduit having an"iitle1; end exposed 
to atmosph'ere and ::ail outlet end, meart$ . ro SS 
spray·, watet into the inlet end of the c:onduit 
to entriiin·air'tllrougb tb.e irilet.'tO flow tht'ough 
the condµit, the eorid.uit : \having , ·a; ·thf91lt 
betweeri the inlet arid the outlet' enqs~ ··the Out-
let end' of the conduit communicating With the 60 

at:mosJ>here' an.a "7ith a::water 'colkc;tor; ., · 
. •Still more particularly, the invention pro­

vide~ a )leat eXChariger inchidirig a longitudi­
nally extending condl;rit ·of' retj:arigular oross­
section haVing an axiS whi.Ch erterids Stibstan.: 65 
tjally hQrizontally, said conduit having an inlet 
eri<fefyosed. to atmosphere and 611 outlet end, 
mean tO'' spray warer into the inlet. end of 
tl)e coridiiit . to entraii;i air through the·· inlet 
to.'fl()W':ttµ-ough the conduit, the condUit hav- 70 

ing a throat between' '-the inlet and; the outlet 
ends;· the outlet end of the conduit conimuni.:. 
eating with -the atmosphere ari.d with a·• water· 
collector. 

In some ~ferred· ~boditnertts the. conduit 75 
is: 'sliglidy doWnw-ardly · inclined from the ililet 
end to the outlet end thereof. . 

Mist 'eliminators may be provided across the 
outlet . end Q~ the. conduit ·to.· a$Sist 11tripping 
water still entrained in the air. . . . . . 80 

.. i·When•'atornized water is sprayed into the 
conduj.tJ:herebj inducing an air flow, the vel0-
¢ity of the warer relative to the -air is high, 
and the milcing betweCp. the two fluids is acet:. 
lent. ThiS i'eSults ·in a lijgh heat transfer bet-: SS 
ween the: air 1llld water. · · · 
· · While it is possible to use constant, oros.s-

' section conduits it has been ·fOU:D:d that bett~ 
results' may• be achieved if the conduit ha.s· . a 
thr()at, . 'and :it can: Sllitably be . in . the' fOmr of 90 
a veritllri: · · · 

: In or.der ht tJ:Je illvention may more readi- ', ··' 
· ly be .. Ub:derstood, the ·following description is 

given, merely hr way. of example, reference 
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being made to ·the accompanying drawing-s 
wherein::-

·Figure 1 ~ a vertical section of one form 
of apparatus according 1.'0 the invention; and 

S Figure 2 is . a detail in. section of the mi&t 
elimiriators. . 

The conduit of the apparatus of Figure 1 
has an axis which is slightly downwardly in­
clined from an inlet ·to an outlet. The conduit 

10 iliustrated is in fact of rectangular cross-sec­
tion:, -although thi-s is n<lt essential, and has a. 
flared mouth portion 84 defining a rectangular 
air inlet at 85, the short dimension of whkh 
is shown in the Figure. ·Lengthwise of the air 

15 inlet at 85 there extends a water supply pipe 
86 from which there extend a line of mutually 
spaced nozzles 87 .arranged centrally .of the 
conduit walls. The conduit .illustrated also in­
cludes a throat portion 88 of rectangular cross-

20 section and a diffuser portion 89, and is thus 
in .the form of a. venturi, although rllis is not 
essential. The outlet end of the diffuser portion 
is provided: with mist eliminators. 90 and with 
a .wind deflector 91 to prevent natural air .cur-

25 rents firom opposing the left to right. air flow 
through ·.the conduit as illustrated. . 

The c1">nduit pictured in ·Figure . 1 is tilted 
d.ownwanUy. at a slight angle in the direction 
of flow t<J prevent water from running out of 

30 the throat down the inlet and dripping to the 
floor. The water-air mixture entering the dif­
fuser portion maintains enough directional en~ 
ergy to expand !fully and fiH me upper secti9n 
of ·the diffuser portion even though this re-

35 quires some of the mixture 1iO !travel "uphill." 
In the system of Figure 1 the c0oled water 

is ret'9vered in a swnp 92 which forms part 
of ·the: lower wall of the diffuser portli.on 89. 
The ·usual water make-up and withd-rawal sys'" 

40 tems .provided in e~porative exchangers .are 
included but not illu-stmted. 

The water atomizing nozzles 87 ~ so de­
signed as to cause the water to spread in ato­
mized form in the ·throat 88. The spray may 

45 in particuhr be conical or fan shaped. The 
length of the throat and the shape of .the spray 
produce a prolonged high velocity contact bet­
ween air sucked J.nt-o the inlet SS and water 
issuing from the nozzles. Best results are 

50 .acl:tieved i'f the sprays impinge one on others 
so as to spray water over substantially ·the 
whole of a ~ss-secti~ of the co~duit. This 
ensures maximum entramment of air. 

The water which is pumping the air moves 
55 at velocitli.es much greater than the ·ah- . with 

the result that there is considerable relative 
movement between .the air and water ,with re­
sulting good mixing. This mixing causes eva­
poration .of ~m~ of the water and the. h~at 

60 of ivaponzatlon is taken tfrom the remanung 
. water which falls into the swnp region in a 
cooled condition. 

· Mist eliminators 90 are provided and pre­
vent entrainment of water through the outlet 

65 from the conduit The shape of these elimina-

._.,,>~· 

" 
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tors can .be seen by reference to Figure 2, from "'·'· 
which· it may be.seen that each mist eliminator.\.J 
comprises a fill unit made up of a plurality - · 
of parallel spaced apart fill pieces in the form 
of elongate strips, each having two planar mar- 70 
gin portions connected by · a curved central 
portion. The spaced relationship of the fill 
pieces is maintained by at !lea&t two spacing 
tabs attadhed .ro each fili piece to contact the 
adjacent fill piece. The surfaces of the mist 75 
eliminators lbecome coated with waiter and may 
remain water loaded during operation of the 
equipment. The air flow across the water load-
ed surfaces causes evaporation enough to make 
a significant contribution to the total heat ex- 80 
change. The mist eliminators also serve to re­
move mist from the water-air mix.'ture which 
impinges upon them so that air escaping 
throuib the outlet is substantially free of en.-
·trained droplets. 85 

The above described embodiment is al:SO de­
scribed in our coj>ending · Application No. 
4721/70 (Serial No. 1299921). 

WHAT WE CLAIMIS·:-
1. An evaporative· beat exchanger including 90 

a longitudinally extending .. conduit having an 
axis which extends substan.tially horizontally, 
said conduit havling an ·inlet end exposed to 
atmosphere and an outlet end, means to spray 
water into the inlet end of the conduit to en- 95 
train aiT through the inlet to flow through the 
conduit, .the outlet end of the conduit com­
municating with the atmosphere :and with a' 
water collector. · 

2. An evaporative heat exchanger including 100 
a longitudinally extending conduit having an 
axis which extends subStantially horizontally, 
6aid condui.t having an fu.let end exposed to 
atmosphere and an outlet end, means to spray 
water into the inlet end of the conduit to en- 105 
train air through the fu:let to flow through .the 
conduit, .the conduit having a throat between 
the i~ and the autlet ends, the butlet end 
of the conduit comm.unieating with the atmos-
phere and with a water collector. 110 

3. A heat extjranger according to claim l 
or 2, wherein the conduit is irectangular in 
cross-section .. 

4. An evaporative heat exchanger including 
a longitudinally atending conduit of rectangu- 115 
:l.ar cross-section having an axis which extends 
substantially horizontally,. said conduit liaving 
an inlet end exposed to atmosphere and ·an 
outlet end, means -to spr-ay water into the inlet 
end of the conduit to entrain air through the 120 
inlet to flow through the ccinduit, the conduit 
:having a throat be1lWeeD .the inlet and the out-
let ends,· the outlet end of' the conduit com­
municating w..ith the atmosphere and with a 
water collector. · 125 

5. A heat exchanger a,ccording to any one 
of the preceding claims, wherein the conduit 
is slightly downwardly :inclined from the inlet 
end to the outlet end thereof. 

6. A heat exchanger according to any one 130 
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being made to the accompanying drawings 
whetein:-

Figure 1 is a vertical section of one form 
of· ai)paratus accoroing t:o the invention; and 

S· Figure 2 is a detail in section of the mist 
eliminators. 

The conduit of the apparatus of Figure 1 
has an axis which :i$ slightly downwardly in­
clined from ail inlet -to an outlet. The conduit 

10 illustrated is in fact of rectangular cross-sec­
tion, -although this is not essential, and has a 
flared mouth portion 84 defining a rectangular 
air inlet at 85, the short dimension of which 
is shown in the Figure. ·Lengthwise of the air 

IS inlet at 85 there extends a water supply pipe 
86 from which there extend a line of mutually 
spaced nozzles 87 arranged centrally of ·the 
conduit walls. The conduit illustrated also in­
cludes a throat portion 88 · 6f rectangular cross-

20 section and a diffuser portion 89, and is thus 
in the form of a verituti, although thi$ is not 
essential. The outlet end of the diffuser portion 
is provided with mist eliminators 90 and with 
a wind deflector 91 to prevent natural air cur-

25 rents :from opposing ·the left to' right air flow 
through ·.the conduit as illustrated. 

The c1,nduit pictured hi ·Figure 1 is tilted 
downwarllly at a slight angle in the direction 
of flow .tll prevent water from running out of 

30 the throat down the inlet and dripping to the 
floor. The water-air mixture entering the dif­
fuser portion maintains ·enough directional en­
ergy to expand fully and· fill the upper section 
of ·the diffuser portion even though this re-

35 quires some of the mixture t:o ttavel "uphill." 
In the system of Figure 1 the cooled water 

is recovered in a sump 92 which. forms part 
of -the lower wall of the diffuser portion 89. 
The usual water make-up and withdrawal sys-

40. ten1$ provided in evaporative exchangers are 
included but not illusti"ared. 

The water atomizing nozzles 87 are so de­
signed as to cause the water to spread in . ato­
mized form in the throat 88. The spray may 

45 in particuhr -be conical or fan shaped. The 
length of the throat and the shape of the spray 
produce a prolonged high velocity contact bet­
ween air sucked .into the ···inlet 85 and water 
issuing from the nozzle$: Best results are 

50 .adhieved if the sprays impinge one on others 
so as to sptay wa~r . oVei' substantially the 
whole of a cross'-section of the conduit. This 
ensures maximum entrainment of air. 

The water whiCh is pulnping the air moves 
55 at velocities much -greater than the air with 

the result that there is considerable relative 
movement between -the air and water with re­
sulting good mixing. This mixing causes eva­
poration of some of the .water and the heat 

·.:·. 

60 of vaporization is taken from the remaining 
water which falls iinto the sump region in a 
cooled condition. · 

Mist eli~inator5 90 are provided and pre­
vent entramment ·of water through the outlet 

65 from the conduit. The shape of these elimina-

tors can be seen by reference to Figure 2, from 
which it may be seen that each mist eliminator 1 
comprises a fill unit made up of a plurality 
of parallel spaced apart fill pieces in the form 
of elongate strips, each having two planar mar- 70 
gin portions connected by a curved central 
portion. The spaced relationship of the fill 
pieces is maintained by at least two spacing 

·tabs attadhed 1JO each fill piece to contact the 
adjacent fill piece. The surfaces of the mist 75 
eliminators become coated with water and may 
remain water loaded during operation of the 
equipment. The air flow across the water load-
ed surfaces causes evaporation enough to make 
a significant contribution to the total heat ex- 80 
change. The mist eliminators also serve to re­
move mist from the \\'8.ter-air mix.'tUre which 
impinges upon them so that air . escaping 
~ug;h the outlet is substantially free of en-
trained droplets. 85 

The above described embodiment is also de­
scribed in our copending Application No. 
4721/70 (Serial No. 1299921). 

WHAT WE CLAIM IS:-
1. An evaporative heat exchanger including 90 

a longitudinally extending conduit having an 
axis which extends substantially horizontally, 
said conduit having an inlet end exposed to 
atmosphere and an outlet end, means to spray 
water into the inlet end of the conduit to en- 95 
train air through the inlet to fiow through the 
conduit, -the outlet end o:f the conduit com­
municating with the atmosphere and with a 
water collector. 

2. An evaporative heat exchanger including 100 
a longitudinally extending conduit having an 
axis which extends substantially horizontally, 
eaid conduit having an inlet end exposed to 
atmosphere and an outlet end, means to spray 
water into the inlet end of the conduit to en- 105 
train air through the inlet to flow through .the 
conduit, -the conduit having a throat between 
the inlet and the outlet ends, the outlet end 
of ·the conduit comµiunicating with the atmos-
phere and with a water collector. 110 

3. A heat exc~anger according to claim 1 
or 2, wherein the conduit is rectangular in 
cross-section. 

4. An evaporative heat exchanger including 
a longitudinally e~ding conduit of rectangu- 115 
1ar cross-section having an axis which extends 
substantially horizontally, said conduit having 
an inlet end exposed to atmosphere and an 
outlet end, means to spray water into the inlet 
end of the conduit to entrain air through the 120 
inlet to flow through the -~Q!!clajt, the conduit 
:having a throat between the inlet and the out-
let ends, the outlet end of the conduit com­
municating with the atmosphere and with a 
water collector. 125 

5. A heat exchanger according to any one 
of the preceding claims, wherein the conduit 
is slightly downwardly inclined from the inlet 
end to the outlet end thereof. 

6. A heat exchanger according to any one 130 
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.. "' · of the ~clirt~ #~ _arid illclhding an air 

.-~ deflector 'tQ' protect 'the outlet:from external 

air7~fexchallge~ acc6r~--~ any one 

5 of the preceding .claii)ls,. wherein a mist eli­

ntj~~r is l~ted acro8s ·the (ludet end of the 

oonciuit.. . · '<: . . .· 

> . L~·. ~ htheeat ex~a~,=-=·· ~td~gcludto claim 7, 
. . :;w1g;~ . . nust ~umator• .in . es a wet 

· 10 ·. 'de¢k fill unit aompril!ing a . Plurality of . fill 

. . . .· :pi~ lying in substantialfy ·parallel;; spaced re-

.. . :- l~tion, each fill piece being)m,:e)Dngate strip 

··• fa1Ving two flat mar~ porti°-m 'connected by 

9. A h~t exchanger according to claiin 8, lS 

w4ere~~ ~tji- fjll piece has at least ·two spacing 

tab$ --e~Ctmg :µi~efrom and touching the 

neit ~dfaCerit- .pie~ to maintain a predeter­

mint4: $pacia,tr~tfonship therebetween. · 

W· ~-·11e,af ei,changer colll!tructed and ar- 20 

·rarig'ed/subStaJ:itiaJly as hereinbefore described 

with·: reference· .tQ'.and as illustrated in the ac­

C01llpanfing ·Cifawmgs. 

J. A. KEMP & CO., 
Chartered Patent Agents, 

14 1South Square, 

-'; :_'._'.. ;~·; 
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