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Abstract

In arid and semi-arid regions, surface evaporation can be considered
the main cause of water loss. Evaporation occurs at temperatures lower
than the boiling point of water and it is an inevitable phenomenon and
it plays an important role in the loss of water resources in countries
according to their geographical and meteorological conditions. One of
the main methods to reduce evaporation from the surface of open
tanks, which is used in many hot and dry regions, is the use of physical
and chemical coatings. In the current research, which was conducted
with the aim of reducing the rate of evaporation from class A
evaporation pans, it was tried for the first time to investigate the
efficiency of three types of balls with monolayer composition of
hexadecanol as an evaporation reducing coating. Three types of balls
with a diameter of 7 cm made of propylene were used; balls with two
holes, six holes, and no holes. In order to investigate the performance
of these coatings in reducing the evaporation of class A pans, they were
investigated for 2 months from 1400/6/1 to 1400/7/30 (two months).
The measurement of evaporation has been repeated once every hour
from 8:00 am to 5:00 pm and the resulted times series were analyzed
statistically. The measured evaporation values were analyzed in SAS
software and the comparison of averages was done at the 99%
probability level based on Duncan's average comparison test. Results
showed that the combination of hexadecanol monolayer and three ball
samples had a significant difference at the 5% level in terms of changes
in evaporation rate and temperature. The results of comparing the
average effect of different coatings on the rate of evaporation showed
that the control pan had the highest amount of evaporation among other
pans, while the pans covered with the monolayer combination of
hexadecanol and non-porous balls showed the lowest amount of
evaporation. The comparison of average evaporation values in
Duncan's test did not show any common letters which means that all
pairs of coatings have a significant difference at the 5% level. The
results showed that the combination of hexadecanol monolayer and
non-porous balls with an efficiency of 86.7% contributed the most in
reducing evaporation. While the combination of hexadecanol
monolayer with two-hole and six-hole balls with efficiency of 59.6%
and 56.7% were placed in the next priorities. Finally, the combination
of hexadecanol monolayer and balls without holes were identified as
the best evaporation reducing coating in the present study due to the
appropriate surface roughness and the constant percentage of empty
spaces over time.
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Fig. 1- Location of Khorramabad Faculty of Agriculture and Natural Resources in Lorestan Province
O I Gl 9 (31213 ST 2,5 (rube qalio 9 (55 )9LulS BaSUl> Copdgn - JSU

IF o) Glimo oF 2 lowd qopuod Jlw oyl sl O aulio Clidsd
Volume 18, No. 4, Winter 2023 (IR-WRR)
\a%



Evaporation and temperature comparison chart
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Chart 1- Comparison of temperature and evaporation changes in the study period
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Fig. 2- a) class A pan with a monolayer of hexadecanol, b) a pan with a monolayer of hexadecanol and non-
porous balls, ¢) a pan with a monolayer of hexadecanol and two-hole balls
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Fig. 3- a) class A control pan, b) pan with hexadecanol monolayer and balls with six-hole
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Table 1- Characteristics of balls used in the present study
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Percentage Hole

coverage on  dimensions diameter soft point Te.mperaturt_e material Cover type
the surface (mm) (mm) resistance (C")
80 70 Down 90 Polyethylene  Non-porous balls
80 1-2 70 Down 90 Polyethylene Two hole balls
80 1-2 70 Down 90 Polyethylene Six hole balls

Fig. 3- A view of two-hole ball (a) and six-hole ball (b)
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Table 2- Weight and amount of immersion in water for balls with holes
13 d59) Sl LY 59 dbo Gl 9 59 - Joe

The average amount of The average amount of

indentation at the end of indentation at the Average weight of water Cover type
the span (cm) beginning of the span (cm) (grams)
4-55 3.5-43 130-150 Six hole balls
3.5-4 3.5-4 120-130 Two hole balls
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Table 3- Evaporation and temperature statistics in the measurement period for different combinations
50300 (Floj o3l 55 ilie (ga0gyS 13 bod g s (ool -V Jous

Evaporation Evaporation - Evaporatio- Evaporation- Temperature Temperature- Temperature Temperature
of the hexadecanol hexadecanol hexadecanol - control pan hexadecanol - -

control pan  compound and  combination compound (°C) composition hexadecanol hexadecanol

(mm) six-hole balls pan and two- and non- and non- monolayer combination

(mm) hole ball porous balls porous balls and two-hole  and six-hole

(mm) (mm) (°C) balls (°C) balls (°C)
Average 8.80 3.96 3.55 0.35 2351 26.01 24.61 24.29
standard 0.17 0.08 0.07 0.01 0.62 0.62 0.62 0.62
error

Variance 1.82 0.37 0.32 0.00 23.28 23.28 23.28 23.58
minimum 5.20 2.34 2.03 0.20 14.50 17.00 15.60 14.80
maximum 11.60 5.22 471 0.47 33.60 36.10 34.70 34.40

Table 4- One-way variance deviation to investigate evaporation and temperature changes in different
coatings

Blieo (S gy 55 Lod g pudud Wil pudi oty g3 (13 A g S il ylg S youl -F Jgu

Diffraction average of Statistics F Degrees of sum of The source of
Ratio squares freedom squares changes
(meaning)
0.00 1226 96 7 2026.2 between evaporation
combinations
15.4 64 1069 within
combinations
0.00 17.4 73 total
9 48 between temperature
combinations
0.3 66 39 within
combinations
75 total
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Table 5- Test results comparing the average effect of coatings on evaporation
pd 53 B ibgr il (Sile dumlio o903 G -0 Jgao

Classification

Covers

Test

7A

A pan coated with a combination of
hexadecanol monolayer and non-
porous balls

8.48

The pan is covered with a
combination of monolayer

hexadecanol and two-hole balls Duncan

9.8¢

The pan is covered with a
combination of hexadecanol
monolayer and six-hole balls

11.4°

witness pan( control pan)
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Evaporation comparison chart of the control pan and the
12 - treated pans
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Chart 2- Comparison of evaporation rate from three pans under cover and control
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Chart 3- Cumulative diagram of evaporation rate from three covered and control pans
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Chart 4- Mean percentage of evaporation reduction from three pans covered with balls and hexadecane
monolayer compared to control pan
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Table 6- Comparison of average temperature and evaporation
25 9 b (1aNbe du o -7 Jou

Mean Variables Covers

26 Temperature (centigrade): Evaporation A pan coated with a combination of

0.9 (mm) monolayer hexadecanol and non-porous balls
24.6 Temperature (centigrade): Evaporation The pan is covered with a combination of

3.6 (mm) monolayer hexadecanol and two-hole balls
24.3 Temperature (centigrade): Evaporation The pan is covered with a combination of

4.3 (mm) hexadecanol monolayer and six-hole balls
235 Temperature (centigrade): Evaporation witness pan

8.8 (mm)

w
o
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I

= = N N
o (6] o (6]
1 1 1 1

Average temperature (Celsius)
(2]

o
!

m Average evaporation (mm)

Average temperature (Celsius)

I I

Evaporation of the
control pan (mm)

Evaporation of the
combined pan of
hexadecanol and ball
without hole (mm)

Average evaporation (mm)
Chart 5- Comparison of average temperature and evaporation
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Table 7- The results of the comparison test of the average effect of temperature on evaporation
255 55 13 5l 5o Al (yg03] W -V Jg>

Classification Covers Test
25 32 A pan coated with a combination of
) hexadecanol monolayer and non-porous balls
26.7b The pan is covered with a combination of
) monolayer hexadecanol and two-hole balls Duncan

27.1°

The pan is covered with a combination of
hexadecanol monolayer and six-hole balls

27.9¢ witness pan( control pan)
=—4— The temperature of the control pan (degrees Celsius)
The temperature of the combined pan of hexadecanol and ball without hole (degrees Celsius)
41 7 =fe=The temperature of the combined pan of hexadecanol and the double hole ball (degrees Celsius)
=>¢=The temperature of the combined pan of hexadecanol and the six-hole ball (degrees Celsius)
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Chart 6- A average temperature changes in four research pans with a combination of hexadecane monolayer
and different types of balls
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Table 8- Comparison of the performance of hexadecane monolayer composition and different balls in the
same environmental conditions
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Evaporation reduction (percentage)

Method

86.7

59.6

56.7

A pan coated with a combination of hexadecanol monolayer

and non-porous balls
The pan is covered with a combination of monolayer
hexadecanol and two-hole balls
The pan is covered with a combination of hexadecanol
monolayer and six-hole balls
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