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ABSTRACT @

The {(nfluence of packing and 1its geometry on the
evaporative air cooling and humification processes are
investigated ln this study, where the experimental testis are
carried out on twe mats, flat and corrugated, having the
same surface area. It was found that the corrugated packlng
enhances the heat and mass transfer processes better than
the flat mat, specilally at the smallest water to air flow
rate ratios CL-/GD,

Empirical relatlons for the varlation of the heat and

h A
mass transfer avallable coefficlents, [ ?“_CH— ] and
pm
h)l AH pa.
[ = ], with CL-G) and air Reynolds number CRe) are

given,
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NUMENCLATURE :

A, A = Heat and Mags T . T = Wet bulb
H W wh wh
1hn out
t.ransfer areas,
respectively, m>. t.emperature of air
c = Specific heat of Just upstream and
pm
malst alir at downztream of the
constant pressure, test sectlion, res-
Kl-Kg °c pectlvely, °c.
G = Alr flow rate, Vo = Bulk air mean
Kg-hr. velocity, mrs,
hH = Heat transfer P, = Bulk air mean
coefficient, density, Kg-m®
2 <
KJsm®™ hr ~C wo - w‘n
— _ u i
h Mass transfer N —w?—-:—w::— > 100

coefficient, m~hr.

L = Recirculated water ¥ o, W ut = Humidity
flow rate, kg-hr. .

ratio of air Just
1 = test section upstream and down
length, m stream of the test
sV 1 sectlon kgv/kga
a a
r» =
L4 H
Reynolds number .
Tdb_ ,Tdb = Dry bulb Wi = Humidity ratio of
N cut

temperature of air saturated air at

Just upstream and the interface

downstream of the kg ~kg
» [=}
test section, res-
(=]

pectively, C

INTRODUCTION :

The needs for indoor humidlfications continue to grow.
Commercial bulidings contain equipment such as coplers,
computers, printers and octher offlce machines that do not

function wall with in dry air, thereby stimulating the need
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for humlidification. New products, many of which require
a humidified atmosphere during production, add to the need
ln industrial piants.

Gas turbline ocutput can be inereased, during perieds of
high amblent temperature, by using conditioned inlet air [11.

One of the most common processes In the 1ndustrial
plant is the dissipation of heat and preobably the most
common way to dissipate heat Is with an evaporative ceoling
tower. A cooling tower can be a cost effective way to cool
vacuum deposition equipment (21, Bantz and John A. [3]
digcussed a method for predecting and improving cooling
towar performance.

The simultaneous heat and mass exchange takes place in
evaporative cooling equlpment due to the contact of air with
water (4]. The efficiency of heat-mass exchange depends on
the state of water and air, as well as, on surface or volume
‘of evaporation. The caleulation of equipment performace is
complicated due to the simultanecus heat and mass transfer
proceszses, since it 1s difficult to get a direct analytical
spolution of heat and mass transfer especlally for turbulent

flow. Therefore, experimental approcaches are recommended.

An experimental investigation on the performance of
water spray cross flow humidifier through the continucus
circulation of water was previously discussed by Barakat H,

Z. et al [8]. They presented the heat transfer results,

through spray chamber, 1In dimensioniess form 1in which

h A
[—G_’LCL ] was presented as a function of CRe) and C{L-GD.
rm

h A
From this relationship, it was found that [ % :] is
rm

proporticnal to CRed, to the power 0.23 and C(L-5 to the
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power 1.296. Also the evaporaticn results were presented in

h A p
dimensionless form in terms of [u—;ﬂ] whlch was glven
as a function of C(Re) and ¢L-GJ. From this relatlonship, 1t
hu All pa
was found that }: o ] ls proportiocnal to (Red to the

power ©0.14 and (LG to the power 1.296.

The performance of wetted media type evaporative
coolers under various conditions of operation, various
design parameters was I1investigated on various Lypes of
packings [(8,7]. For the same spray chamber silze the use of
packing media enhaces the air washer performance. For tLhe
same packing material and surface area the packing geometry
would have some influence on the evaporative alr cooling
equipment.. For this reason, tLhe effect of tLhe packing
geometry on the performance of the air washer is 1in-
vestigated in this work. Feor this purpose an experimantal
study have been carrlied out on cross flow spray chamber
using flat and corrugated galvanized steel mesh with the

same surface area, as lt will be discussed below.

2. Experimental apparatixe and packlng :

2-1 Experimental apparatus i

The apparatus used Iin this study. Flg., (12, consists of
a galvanlized steel rectangular tunnel. The tunnel 1s divided
lnto Ltwo portiong. the first of which has (30 x 30 cm) cross
sactional area and contains a cross flow spray washer.
An electrical ailr pre-heater of wvarlable capaclty 1=
installed in the tunnel inlet.. The spray washer and the
pre-heater are lnstalled to control the alr condition before
entering to the test sectlon. The second portion represents
the test sectlion and has (40 x 40 cmd) cross-seclional area

and Ils a cross flow spray chamber. The test sectlion consists
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of a casing contalning a spray bank of 4 tubes each of which
hags 33 holes of 1 mm diameter, a tank for the collection of
sprayed water and an eliminator section at the discharge end
for the removal of entralned droplets of water from alr.
A pump recircuiates water from the collector tank to the

spray bank through a plping system.

The air flow is measured by a calibrated sharp-edged
arifice meter and the rate of air flow is controlled by
a sliding door axs shown in Flg. €1). {Calibrated cupper-
constantan ther mcouples are used for temperature
measurements. The air temperature at the inlet and outlet of
the test section 1s measured, by 32 thermocouples which are
fixed on two screens, one of which is Ilnstalled upstream of

the test section and the other downstream.

The cross section of the duct (40 x 40 cmd ls divided
into 18 equal rectangular areas and a thermocouple Jjunction
ls placed at the center of each rectangle. Also, 18
thermyeouples are fixed and equally distributed, on two
screens wlth cross sectional area of (30 x 30 cmd, lntalled

up and down-stream.

The wet bulb temperature of air stream is measured by
calibrated wetted-wick thermometers, which are lnserted into
the duct perpendicular to the air flow just up and

downstream of both the test section and spray washer.

The flow rate of reclrculated water flow ls measured by
a calibrated sharp-edged orifice. The water flow rate 1s
controiled by a gate valve on the deilvery side. The water
temperature at inlet to the spray bank and at the water
surface 1ln the c¢ollecting pan are measured by Ltwo
thermyouples, [7). Metailie packing ls placed in the test
section and it 1s sprayed with reclrculatlng water lssuing
from the tube bank,
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2.2 Packing :

Two mats of packing are ugsed in this study, where the
two mats have the same surface area but are different in the
geometrical shape. The packing material is galvanized steel
mesh. The first mat 1is made of four interfering flat mesh
boxes whose dimensions are shown in Fig. ¢2). The second mat
is made of four layer corrugated mesh, whose dimenzions are
shown Iin Fig., ¢3). The air flow 1is parallel to the
laongitudinal axis of the packing while the water s=spray ix
perpendecular to them.

In the following paragraphs the performance of the air
washer using the two types of packings 1s disecussed and
conpared to its characteristics without the packing and the
effect of the packing geometry iz examined.

3. Results and dlscussion s
3.1 Huwmidification system performance during the nonadl-

abatic bohavior in presence of the flat mat of packing

The results presented in [S) show that some deviation
from the adiabatic humidification behavior takes place
during humidification by water spraying. thi=s section shows
the humidifier characteristics when using the flat mat of
packing during the nonadiabatie humification behavior.

it worth mentionning here that where water is
considered as the system, then pump work and assosiated
energy losses which is added to the circuylating water cause
deviation from conditions establishec for adiabatic

saturation process [S].

The experimental results piotted in Fig. (42 show the
varlation of humidifying efficiency Cnn) with water flow
rate (1D at different alr velocities CV°). This graph shows
that at constant air valocity cvan, the humidifying
efficiency Cn") increases as the water filow rate LD
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lncreases. Alseo, it can be seen that the ilnhcrease in air
velocity Vq) leads to decrease in efficiency ( n") . The
maximum efficlency < n") is 75 % and it is ocbtained at the

lower air velocity 1 mrss.

Az expected, the humidification 1in presence of flat
packing increases the humidifying efficiency Cn") than the
humidification without packing. Vhere it can be noted that
the max. efficliency Cnﬂ) increased from 83.8 % without the
packing as reported in [B] to 7% % in this case due to the
flat mat influence.

h A
Figures-9 and A shows the variation of each [ _G"_CH_]

pm

h A p
and l:_“—;—?—] with water to air ratio (LD at different

air velocities CVn) for the flat mat paking. It can be zeen

h A
H H
G C

from these graphs that the increase of both ]:
pm

] and

h A p
[ M ;_“] with C(CL-G> 1is a linear. The relationship

between these parameters are reopresented by:

]
]

0.0048 ¢L % "% (Ren® 34 €1>

= 0.0381 ¢LG% %7 cRed?® 7 =)

These eoquations represent the humidification system
behavior through the nonadiabatic condition in presence of
flat surface packing. The graphical displays of tLhese
equations are presented in Figs. C7> and e where

hll An a. 49 hu Au i O, 245
[TC_] ~CRa2? 4\ and [——Ta—] ~CRad ’ are

piotted versus (L-G). It ix seen from these figures that all}
the data are contalned within about * 8 % band around the

correlating 1ines.
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Through examination of the graphs of Figs. (4 to 8), it
can be observed that the heat and mass transfer avallable

h“ An hn An P,
G_C] and [_G_] increased, in

-]
presence of flat mat by 18 % and 22,5 X respecitvely at

LG = 2 and by 38 2 and 42 % at LG = 12 as compared with
the humidification without packing reported in (9] at

coefficients [

h A
Re = 5.4 »x 10*. For Re = 8.7 x 10". the values of [——]

h A p
and [__n_g_a] increased by 40 % and B0 % at LG = 1.3 and

by 70 % and BO % at LG = 0.78.

From the=e results, 1t can e found that the flat
surface packing has a noticeable effect on the heat and mass
transfer processes specially at low water to air ratios
(LsG = 0.700 - 1.3,

3.2 Humidification system performance during the
nonadiabatic behavior in presence of corruogated mat
packing :

The graphs of Figs. 9 to 11/ show the experimental
hll An

relationship of the avallable coefficlents [ - ] and
pm

G
velocitles qu) on the log—-iog coordinates. From these

h P
[ M u q} with water to air ratioc (L/G) at different alr

graphs, it is seen that at constant air velocity CVa) the

hu An hu An Pa
available coefficients [T?-p: jl and [ e ] vary
linearly with the water to alr ratleo (L% on log—-iog
coordinates as the same for humidificatlon with fiat surface
h. A
mat. However, the corrugation increases each of [—G-EC_"1
pm™m
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h A p
and ['—;"‘] by 3B % and 42 % respectively compared with

flat s=surface packing results for the =same air wvelocity

(V =1 m=d) and approximatly the same inlet air condition.

The humidifier behavior with corrugated surface packing
through the nonadiabatic condition is represented by the
fallowing power—-law squation=s -

h A
H R - o. 73 0. 820
hy A P o.78 T
[—GL] = 0.07 L™ red™ =)

The graphical representation of the=e correlations are

Py A 220
presented in Figs. (i2 and 130 where [ - ]/CRG)O'
pm

h. A p
and I:u—;a:l/CRe)o'w} are plotted versus (L-/G). It is
seen from these figures that the data are contained within
a * 9 % in Fig. €12 and a * 7 % in Flg. (i3 around the

correlating line.

3.3 Influeme of the Packing Geometry on Humdifiying
Efficliency :
The object of this section is to further lnvestigate

the effect of the packing geometry on alr humidification
process during nonadiabatic recirculation of water. Fig. (14D
shows the change in humidityling effidiency CnnJ, for the two
mats of packing, with water flow rate (L). It can be noted
from the figure that at ths same air wvelocity cva) and
constant inlet air condition., the corrugated mat gives an
increase in efficiency CnnD about 288 X than the flat surface
mat. Alsc the available coefficients of heat and mass
transfer multiplied with the transfering area are increased
by 40 % and 45 % respectively due to corrugation effect as
shown 1in graphs of Figs. (1S and 18).
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From the previous discussion, it can be noted that
better results are given by the corrugated mat packing. This
means that for the same packing area the packing geometry is

an important paramster in the humidification process.

COMCLUSION :

The performance of water spray cross flow humidifier
has been experimentally investigated during the continuocus
recirculaticn of water in presence of flat and corrugated
mat packings with the same area. The influence of packing
geometry on air humidificatlon process was investigated.
The following conclusions can be stated
- The packing enhances the heat and mass transfer

processes speclally at the smallest water to air

ratios(L-G). However, at an air velocity of 1 [(m/'s)] the

increase of heat and mass avallable coefficlents

hn An hx Au P
[—] and [—“] due to the flat mat
P

G C G
Influence are 18 X and 22.8 % respectively at LG = 2,
hn An
while at LG = 1.2 the lnecrease of [ - © ] and
Ppm
hll AH Pa
[——-—-—é——-———] are 38 X% and 42 % respectively.
- The shape of the packing has a cansiderable influence

on the heat and maxs transfer processexs Iin the
humidifecation process by water spraying. The carrugated
mat packing gives a better humidifying efficlency than
the flat mat of packing for the same surface area and

Inlet air condltion. It al=so showed more improvement in

h_ A
heat and mazs transfer avallable coefficlents [L';]

G C
P
h- A. f)
and [_——G—L] which were increased by 40 X and 43 X%

respectivly azs compared with the flat mat results.
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hll All hu Au Pa
The variation of both of [G—Cpm] and [—G]

with Re follows in general a logrethmic relatlonshlp as
glven by the equations 1 through 4.
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