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CHAPTER 33

AR WASHERS, EVAPORATIVE AR- COOLING
~ EQUIPMENTAND HUMIDIFIERS :

Air Washers: Humidification, Debunudlﬁcuhon and Coc

A

Rotary Packaged Al! Coolers, i e;

\Mamlemnce; Evaporative Air Cooling: Wetted-Pad, Slinger, and
nd I

iaf Hllﬂ’"dlﬁ(ﬂ'loﬂ. Sizing, Typu of Equipment, Controls
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HIS chapter discusses: (1) the use of air washers for
; evaporative air cooling, humidification and dehumidifi-

"cation; (2) evaporative air-cooling equipment; and (3). res:\{

_.dential and mdustrm] humxdlﬁmhun pnncxplm and eqmp-
muxL - s e

) EVAPORA‘_HVE AIR ,cQo'uno, :

AR WASHERS
Spray-Type Washers®

A spray-type, ur washer eunsnsts esenhally of s
or casing oonmmmg a spray nozsle system, a tank for scal-
lectmg the spray water as it falls, and an ¢ Imunamr section
; at the disch end for 1 of ained drops of water
fmm the air. A pump recirculates water at a rate great.ly‘
excess of the jon rate. Inti contact bet the

N spru)f water and the flowing air causes heat and mass tms{er

the air and the water. -

- In.its ‘broadest sense, the evap cooling pﬁnciple
applies-to all equip that exch 1 ibl he.af.l_'nr
- Istent beat. Coolmg wwers, porative d

eooling ap and pack

‘coolers utilize the pnnclple Thxs eqmpment fa.l]s mw two
general categories: (1) apparatus for air cooling ‘and'i(2)
-apparatus-for heat’ re;ectmn This chapter. deals primarily

* with equipment. for air cooling, but the use_of air washérs

" for humidification and dehumidification also will be discussed.
Evaporauve air cooling apphes the well known process of

- evaporating‘water into an air stream. Fig. 1 illustrates the
Iolbwmg thermodynamic dm.nga t.hnt. can take phwc betwesn

¢ the air and water:"
B InA‘t-hewncerlsmnsu.nd mrcuhtedaothahtmn
rescties an e&uxhbnum with the tﬁ ic wet-bulb:tem-
mﬁn e entering air, both water. temperature and-wet-
A of the air becoming :the same. The constant
. tempemture water lowers d:e dry—bulb temperature of the am:r—
m&u 80 that it
batic ‘heat transfer process in whmh the wet-bulb- tcm,pem—

. Air washers vary in length from4fa10ft de; ding
l.a.rgv_ly on’the number of spray bauks. The cross—sechona.l
area is determined by the dmxgn velocity of, the air

through
. the spray chamber. Wasbers are commonly available, !mm

. 2000 to 250,000 cfm h

, there is no

. limit to sizes gpecially conerucfed There is no mndzi.zdm»

. tion in washers. Instead, each manufacturer publishes ¢
. giving physical data and ratings for his own sizes. Hen

- of floodi

valoclty, water spray. de.usnty, Spray prssure, md otb.er e-
_sign factors must be i d for

The simplest design has a single bank of spray nou!ee th
a casing usually 4 o 7 ft long, This type lsapphed primarily
.83 an evaporative cooler, humidifier, and 8ir cleaner. An in-
crease in cleaning eﬁme.ncy may be expecmd by the a.ddmon
nozzles for hing the el - plates. Two or

.momspmybanksmustmﬂyusedwhemaveryhghdegree
- of

tare of the air remaina constant, but the dry-bulb ¢
dmpuuthehumxdxtynm
2. If the air is heated, as in B, the warm water entering the
appantua will be cooled as the wet-bulb temperature of the air
Increased. Inmchahmmm,tbeﬁnﬂnwmmpem-
h b temperature of the air,

tm'aa roaches

3. If the air ia cooled, a1 in C, the cold water en the
apl;zamuuwmbewamedumew temperature of the air
Bow.lnxuchumohng rocess, the final wet-bulb tempera-

Evnpornhve air cooling equ.lpment may be placed in two
general claises, direct and indirect. The first of these uses pri-
mary wet surfaces which evapomte water directly into the
alr&mplxed to the spice being cooled. This may be done

aser\esofspmysasmanmwasherorbyuseofm

exw:ded wetted-surface material as in packaged air coolers.

seoond class of evaporative air cooling is termed in-

The indirect cooler uses the evapamative principle to

eoolauorthermadevmsuch as a cooling tower. The

resultant cool air or water is then used by means of a second-
lri&heatexchangerwoooltbawmﬂxeoccup)edspaee‘

]

ts of.-this lnve been
used. By applying recircu

i , tem-
peratureg below the initial wetrbulh may  be produced. 2 Thz

complexity and cost of these devices has made them rare.
—

Contl Erienl reapansibiityfor this chateris wnigod to TG 9.4, Evaporative

593

y, and for cooling and dehumidifica-
" tion nppl.la\t:ons requmng chl.lled water. Two-stage wnshem
are used for deh when the ntity of chilled
water is limited or when the temperature of water is above
that necessary for the single stage design. Arranging the two
stages for counterflow of the water permits the use of smaller
qumuty “of watér with a higher wnpemtme rise.

ﬁ@.Zmdemehe ofwu
spmy—type air wash Ex ial" in the air
washer operation - m-e uniform distribution of the air across -
the spray chamber, air veloclh/as of from 300 to 700 fpm in the
washer chamber, an X’ t of sprey water broken
up into fine dmplefs at pmums of from 15 to 30 psig, good
spray distribution across the air stream, sufficient length of
travel thiough the spray and wetted surfm, and the elimi-
nation of free moisture from the outlet air. -

Washefs of nearly equal he:ght s.ud mdt.h are dwmhle
from an sir flow and h these
proportions are not necessary. The lengv.h of washers varies
considerably. A space of ly 2} to 4} ft betwe
epray banks i5 used, and the first and last banks of sprays are
located about' 1 to 13 tt (mm the mtenng or leaving end of
the washer. In additi h y be, furnished with
heating or cooling coils wﬂ.hm the washer chamber. These
coils may aflect the overall length of the washer.

Spray water requirements for-spray-type air washers used
for washing or evaporative cooling vary from 4 gpm with a




