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The performance of a newly manufacturedsm Sauter mean

counterflow cross-fluted PVC film pack wasVvm Volume mean

determined experimentally. After testing, the packv Water

was subjected to an effective patented agein% ,

treatment employing fluorine gases that polarizeeth 1- Introduction _ , _
polyvinyl chloride (PVC) surface. Excellent NeWw plastic and polymer cooling tower fill matesaare
wettability was achieved and subsequent tests Suowgenerally non-wettable or hydrophobic due to thieiw

anificant i s i f iall Surface free energy. In the case of film fill miaks good
significant improvements in periormance, especia ywettability is essential to ensure good performaatehe

at low water flow rates. _ cooling tower. After installation in a cooling tew fill
The drop size distribution in the rain zone belowmaterial ages and wettability improves. Over tithe

both the new and the treated or “aged” fill matetia surface becomes conditioned (aged) allowing watdortm
was determined by placing a digital camera below tha thin film. While PVC fills may achieve their ful
fill in a water-tight enclosure to obtain undistoed capability within one or two months in service,
images of drops in the rain zone. Image softwargolypropylene fill with low water loading or flowate
(blob analysis tool) was then used to define thgesl requires more time or may never become fully coowléd
around the drops to calculate drop size distributim S Pointed out b%Aé‘" arr:d Kréd)' q . H
terms of pixels. The pixels were subsequently Various methods have been used to improve the
- . . ettability of film fill test samples. These inde the
converted to millimeters by calibration. ' The retsll plication of coatings, corona and flame treatmetat
of these measurements are presented in the form Qiettapility can also be achieved over time by eimpshe
size distribution curves and the respective diffiefre fil| material to a concentrated detergent solutfisodium
mean drop diameters. Drop diameters under th@hosphate). Aull and Kréllemployed such a solution to
aged fill are found to be smaller than those undi#ie accelerate the ageing of cross-fluted film pack$hey

new fill. Furthermore, it is shown that drop observed significant improvements in the perforneanc
diameters generally become larger with an increaséapability (ratio of Merkel number for partially wed
in water and air flow rate. surface to Merkel number for fully wetted surfacé)PVC

packs as shown in figure 1. Nearly complete wgttivas

The performance of cooling towers employlngachieveol after two weeks.

film type fills can be significantly influenced byhe

wettability of the fill and the corresponding drogize 1 o= —==

distribution in the rain zone below the fill. e EEL

Pretreatment of the particular fill, or sufficient N ST [ Fil height L,, =L.22m |

operating time is thus essential to ensure that doo > LT —

wettability is achieved before effective performanc = G=2 digims

of a cooling tower can be expected. g 08 ~ ~ G4 lkg/ms
© - G,=5.4kg/is

Nomenclature 0.7

a  Surface area per unit volume fin

d Diameter [m]

G Mass velocity [kg/rfs] 0.6

hs Mass transfer coefficient [kg/si 0 0.5 1 15 2

L  Length [m] Accelerated ageing (weeks in ageing tank)

Me Merkel number figa;La/Gy
T  Temperature [°C]
Y  Fraction of total number

Figure 1. Effect of ageing on capability of PVC film
pack at different water flow rates

Similar tests were conducted on polypropylene (fitiR)

Subscripts packs (see figure 2). After three weeks, full ingttwas not
a A yet achieved at the low water flow rate. Low waflew
d Drop rates or loadings are typical for natural draft éosvand for
f' Fill . towers designed for a low approach. At higher wate
i Total number of drops, inlet loadings where the film is thicker the effect ofeawy is
n  Number of drops with a diameterd> less.
The significance of achieving good wettability atrf
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past not always been appreciated, with the rekatt many
published performance results are unreliable.
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Figure 2: Effect of ageing on performance capability
of PP film pack at different water flow rates

2. Fill Performance Experiments and

Results
Counterflow fill performance tests, which do notlude a
rain zone, were conducted in a test tunnel as itbestiby

Kloppers and Krogér The test pack consisted of cross

fluted PVC film fill material (similar to that desbed by

Aull and Krelf' having a flute angle of 30° as shown in

figure 3.

305mm

Figure 3: Cross-fluted film fill

The 1.5mx 1.5 m test pack was; =1.524 m high.
Tests were conducted at water flow rates rangimgn fr
Gu= 1.4 kg/Ms to G, =5.6kg/mMs and air flow rates
ranging fromG,= 1.5 kg/nfs to G, = 3.5 kg/mis. The inlet
water temperature was maintained Tgf = 40°C. Initial
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performance tests were conducted on a newly matuiést
pack. The Merkel number and the loss coefficiemtthis
pack were determined according to a procedure piege
by Kroéger. After the initial tests, the pack was subjedted
an effective fluorine gas ageing treatment proosbich
polarizes the PVC surface, thereby achieving eenell
wettability characteristics. The treated pack was
subsequently tested and significant improvementgshin
Merkel number were observed. The ratio of the Merk
number for the untreated surface to the correspondi
Merkel number for the treated surface is showrigaré 4.
The difference in air side loss coefficients betwedbe
untreated and treated surfaces is small.
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Figure 4: Effect of treatment (ageing) on Merkel
number

3. Drop Size and Distribution Experiments

and Results
The thermal performance of the rain zone can béhén
order of 10 — 20 % of the total performance of detfiow
cooling towers. To model the performance of thia r@ne
accurately, the drop size distribution must be kmow

Tests were conducted in the same test tunnel
described above, to determine the effect of theréatment
(ageing) on the drop distribution in the rain zorkhe drop
size distribution was measured below both the newly
manufactured and the treated (aged) film fill mateusing
a measurement technique developed at Stellenbosch
University, South Africa.

Due to height constraints inside the test tunnieg t
1.5mx 1.5 m test pack could only hig; = 0.610 m high
instead ofL; =1.524 m high as in the case of the fill
performance test. This fill height was however sidared
to be adequate. Tests were conducted 40 cm béleillt
at water flow rates ranging fronG, =2.8 kg/nis to
Guw=5.6kg/mMs and air flow rates ranging from
G. = 1.8 kg/ms toG, = 3.0 kg/nis. The water used in these
tests was unheated and the water temperaturesanaurad
Tw= 20 °C.

The measurement technique employed essentially
involves placing a digital camera inside the tastnel
below the fill in a water-tight enclosure to obtaindistorted
images of drops in the rain zone as shown in fidy(ed.

The enclosure is designed to have the camera @ositiat a
fixed predetermined distance from the focus poimd &
ensure that the airflow in the test section remaasallel
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and interference on the drops due to the enclossire
minimal. Image software, also referred to as & laslnalysis
tool, is subsequently used to convert the dropisldbs, as
shown in figure 5(b). The software defines cirdledges)
around each drop, each with its own reference nunael
calculates the diameter of each circle. The diamstgiven
in terms of pixels which can subsequently be caedeto
millimeters by calibration.

(a) Digital image

(b) Blob image
Figure 5: Digital and blob images of drops in the rain
zone of a cooling tower

Cumulative size distribution (drop number fractiwy)
curves for the untreated and treated fill materiale
presented in figures 6 and 7 respectively for déffe water
and air flow rates. The volume mean and Sautenrdeap
diameters presented in table 1 are calculated bgnmef
equations 1 and 2 respectively.

According to the data presented in table 1, arease in
water and air flow results in an increase in drapéter of
up to 50 % which may have a significant impact loa ain
zone performance. The Sauter mean drop diameter
untreated fill ranges betweendys,=6.2 mm and
dysm= 7.9 mm and for treated fill betwedg,,= 5.4 mm and
dgsm= 7.5 mm. KrbgéT states that drop diameters for film
and trickle packs are generally betwetg,=5 mm and
dysm = 6 mm. Furthermore, it was found that the dro
diameters under the treated fill are generally Bmahan
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Increase in air and
water mass flow rate

Drop number fraction Y
CoOO00O0O0O000
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Drop diameter g mm

Figure 6: Cumulative drop size distribution of the
untreated fill
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Increase in air and
water mass flow rate

Drop number fraction

4

5 6 7 8
Drop diameter gg mm

Figure 7: Cumulative drop size distribution of the
treated (aged) fill

9 10 11 12

Volume mean drop diameter: d,, =

1/3
(Zdj’i /ij (1)

Sauter mean drop diameter: d, = degi /Zdji 2)
i i

Drop number fraction: Y, =nli (3)
Gay Gw; Fill ddvmy ddsma
kg/mzs kg/mzs condition m m

1.8 2.8 Untreated 4.7 6.2
1.8 4.2 Untreated 5.4 6.6
1.8 5.6 Untreated 6.4 7.5
2.4 2.8 Untreated 4.5 6.3
2.4 4.2 Untreated 5.4 6.7
2.4 5.6 Untreated 6.8 7.9
3.0 2.8 Untreated 55 7.0
3.0 4.2 Untreated 6.0 7.3
3.0 5.6 Untreated 5.2 6.9
1.8 2.8 Treated 4.0 5.4
1.8 4.2 Treated 4.1 6.2
1.8 5.6 Treated 5.9 6.8
2.4 2.8 Treated 4.3 5.9

0 24 4.2 Treated 5.4 6.3
2.4 5.6 Treated 5.9 7.3
3.0 2.8 Treated 5.1 7.1
3.0 4.2 Treated 6.1 7.6
3.0 5.6 Treated 6.2 7.5
able 1: Volume and Sauter mean drop diameters

for different water and air flow rates
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those under the untreated fill. Figure 6 showg the
cumulative drop size distribution (drop number fiat Y)

tower, it is important to know the drop size distion
inside the rain zone for the particular type of fised in

dgsm = 6 mm. Furthermore, it was found that the droperms of water and air flow rate.

diameters under the treated fill are generally Eméhan of
the untreated fill increases gradually with an éase in air
and water flow rate. Figure 7 however shows twatiict
trends for the treated fill. This may be due tsudden flow
mode transition at the fill water outlet due to theeraction
of the air and water in counterflow, which are eiiéint for
hydrophilic (wettable) and hydrophobic (hon-wetggbfill
materials. This, however, needs to be investigatdtier.

4. Conclusion

The performance of cooling towers employing filnpay
fills can be significantly influenced by the wetilétlp of the

fill and the corresponding drop size distributionthe rain
zone below the fill. Pretreatment of the fill anfficient

operating time is thus essential to ensure that ggeing
(wettability) is achieved before effective perfomoa of a
cooling tower can be expected. When designingcdingp
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