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Impact of Operating Pressure and Weather
Elements upon Distribution Uniformity and

Conveyance Efficiency of Mini-Sprinkled
Irrigation Water.

A.M. Schakschouk
Desert Research Center, Matareya, Cairo, Egypt.

his research aimed to examine operation of mini-sprinkler

irrigation system and determine the best operational
conditions . Such conditions attain best water distribution
uniformity and higher conveyance efficiency. Hence. best
production per utilized irrigation water unit would be attained .
Also water would be saved for wider land reclamation projects .
Related (o the precipitation rate value . the area irrigated through
a single mini-sprinkler (Mikroregner ) of about 1.73 mm nozzle
diameter could be distinguished into four zones surrounding the
mini-sprinkler . It was noticed through the irrigated plants had
different growth in cach zone . Such zonesare . 1 (0-120-).2
( 120 - 230 - ).3(230-300-)and 4 [ 300 - 350 (400 ) cm |
from the mini-sprinkler . The precipitation rate decreases as the
distance from the mini-sprinkler increases. For an experiment
was conducted with a 0 .83 bar (12 psi ) nozzle operating
pressure under 0.2 m/s wind velocity . 14.4 -air-and 35.0° C
walter temperature . 69.3 % relative humidity and 3.8 m bar vapor
pressure deficit . on the average . the wetting depths amounted to
3.65 -.2.36-.232-and 0.32 mm/ h . on the average . al zones
1 . 2.3 and 4 respectively . Other distribution uniformity
standards including the favorable irrigated area portion
uniformity coefficient Cu statistical uniformity coefficient SCu
and uniformity coefficient UCH were 48.2 - . 50.4 - 33.6 - and
47.0 % . respectively . and the convevance cfficiency amounted to
93.6 %. The favorable irrigated area portion . Cu and UCH were
similar at nozzle operating pressures higher than 0.76 bar (11
psi) . On the other hand. amounted the average wetling depth at
zone 1 (0 - 120 cm) to times that at the other zones . the favorable
irrigated arca portion was less than 15.5 % . Cu. SCu and UCH
had negative values at nozzle operating pressure lower than 0.76
bar ( 11 psi ) .The pattern efficiency PE according to National
Resource Conservation Service is not suitable distribution
uniformity standard under such conditions .
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The higher water temperature (34.0 - 36.0°C) than that
of air (14.0-23.0°C) and the about |.75 mm nozzle diameter cause
more spray losses than recorded in the diagram illustrated in p.
386 in Achtnich (1980).

Key words: Operating pressure. weather elements. distribution
uniformity. conveyance efficiency. mini-sprinkler.
distribution uniformity standards.

|

Schakschouk (1976) researched a sprinkler irrigation system and
(1982) a mini-sprinkler irrigation system and developed other results
through the underlying reserch. Five standards were utilized to
evaluate the mini-sprinkler performance. According to p. 375 in
Achtnich (1980), the favorable sprinkler irrigated area portion (through
a single sprinkler) and the uniformity coefficient Cu according to
Christiansen (1942) are suitable standards to evaluate the distribution
uniformity. The favorable sprinkler irrigated area through a single
sprinkler area portion is the percentage of this portion which receives

from 0.7 to 1.3 times the average of wetting depth for total sprinkled
area .

Cu=100[1.0-(Xx/Mn)] where:
Cu = uniformity coefficient, x = abselute deviation of each measured
value from the average M of all measured values and n = number of

measured values, p.377 in Achtnich (1980). The other three standards
are SCu , UCH and PE ;

SCu = Statistical Uniformity Coefficient
SCu=100[1.0- (Zx*/(n-1)M?,"2] where:
X = absolute deviation of each measured value from the average M of

all measured values and n = number of measured values, p. 380 in
Achtnich (1980).

Hart (1961) developed UCH,

UCH = 100 (1.0 - 0.798 S/M) where:
S = standard deviation=[Z (- M )?/(n-1)]? , x;=measuring
E/iilg%% ) and M = average of all measuring values , p. 380 in Achtnich

i\ll)aéi)onal Resource Conservation Service developed Pattern Efficiency
PE=100(a /M) where:

average of lower 25 % of all measured values , and M = average
of all m'easured values , p.381 in Achtnich ( 1980).
According to Christiansen (1942), Mather(1950) , Wiersma (1955) .

Frost and Schv'Jalen (1955) , Supersperg (1966) , Clark and Finely
(1975) , Achtnich (1980) and Steiner er al. (1983) , the following

could be concluded . Water is lost through evaporation as water
woplets travel through the air "falling and from wetted vegetative

a':
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growth and soil. The water losses are increased with the increase of
temperature, wind velocity, operating pressure, number of sprinkler
oscillator kicks per cycle and vapor pressure deficit. The evaporative
water losses amounted to 10 - 40 % under different operating
conditions. Mather (1950), Frost (1963), Kraus (1966), Stewart
(1977), Pearce et al. (1980) and Larsson (1981) reported that the total
sprinkler irrigation water losses were not a total loss. Such water
losses lessen evapotranspiration rate from wetted plants adjacent to the
sprinkled area .The net water losses = total sprinkler irrigation water
losses - reduction of evapotranspiration for plants adjacent to the
sprinkled area.
Materials and Methods

The research was done in Siwa Oasis, Egypt. A mini-sprinkler
irrigation network irrigates an area of 28.5 Feddans (11.4 ha.) .The
mini-sprinklers are 6 m apart. The mini-sprinkler was supplied with a
riser Of 30-cm height and spaghetti tube of 120 cm length. The nozzle
diameter is about 1.75 mm. The research area was fallow. The
irrigation water resources are artesian wells yielding water of <320 pS/
cm salinity, springs of 2500 - 4375 - and drainage of 4060- in winter
and 6250 - in summer, Shatanawi (1990). The weather means through
1931 - 1975 were 3.0 m / s wind velocity (37.3 % were effective
winds: >3.6 m / s), 21.9 ° C air temperature (29.6 - max. and 13.3
min.), 41 % relative humidity and almost no rainfall (Ministry of Civil
Aviation, 1975). The fifth mini-sprinkler on the first irrigation line at
plot 5, was examined. It stood in the center of a water collection
network (Figs. 1-6). In (Figs. 1 - 6), 3 water collectors rows above C,
3 under D, 1 column at left of A and 1 at right of B were not recorded
owing to the limited drawing paper space. However, such absent water
collectors were far enough from the mini-sprinkler that they did not
receive any water droplets. Mini-sprinkler was tested for one hour for
each operating pressure. Weather data was measured 16-17 times;
every 4 minutes. Figs. (1-6) present precipitation rate distributions and
equipotential lines, radial profiles A - Band C -D, radius of wetting
and wetting zones surrounding the single mini-sprinkler, average
wetting depth - precipitation rate - at each wetting zone, average wind
velocity and direction and total wetted area . Such wetting zones are

1(0-120-),2 (120-230-), 3 (230- 300-), 4 [300- 350 (400) cm],

Desert Inst, Bull., Egypt. 50, No. | (2000)
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The shaded area is the favorable mini-sprinkled area portion which
received 0.7 - 1.3 times the average of total wetting depth . The 1.3,
0.7 times the average of the total precipitation rates amounted to (2 .0,
1.1 -), (2.6, 1.4 -),(2.7,1.5-),(1.9,1.0-),(3.2- 1.7 -) and (2.5, 1.4
mm /h) for Figs. (1-6) respectively . Each of values (6.00 -, 1.03-, 0.00
- and 0.00 mm/ h) at the middle of Fig. (1), (7.04 -, 1.51 -, 0,03 - and
0.0Q -) Fig. (2), (7.56 -, 1.52 -, 0.08 and 0.00 -) Fig. (3), (2.71 -, 1.32 -
. 1.43 -, 0,96 -) Fig. (4), (3.65 -, 2.56 -, 2.32 - and 0.32 -) Fig. (5) and
(3.80 -, 2 67-, 1,60 -, 0.40 - ) Fig. (6) equals the average of wetting
depths - the precipitation rates - at each of the aforementioned wetting
zones . Fig. (7) summarizes the data of Figs. (1 -6). Tables (1 and 2)
present the single mini-sprinkler performance values.

Results and Discussion

It is evident from Figs. (1 - 6) and Tables (I - 2) that the
radius of wetting and the total mini-sprinkled area increased with the
increase of operating pressure . There was a slight exception where
both values at 1.0 bar operating pressure ( 3.20 m and 32.1 m®) were,
to some extent, lower than at 0.83 bar ( 3.28- and 33.0 - ) . Such slight
exception might be attributed to the higher impact of 1.0 m / s average
wind velocity at 1.0 bar than that of 0.2 m/ s at 0.83 bar . Fig. (7) and
Tables (1 and 2) disclose that the water distribution uniformity
amounted to the highest values a: 0.83 bar and 0.2 m/ s . The averages
of wetting depth - precipitation rate - at the wetting zones 1, 2, 3 and
4 were 3.65 -, 2.56 -, 2.32 - and 0.32 mm/ h, respectively . Also , the
favorable mini-sprinkled area portion, Cu, SCu and UCH amounted
to 482 -, 50.4 - , 33.6 - and 47.0 % , respectively . Operating
pressures equaling 0.76 bar or higher increased the mini-sprinkler
water distribution uniformity. The favorable irrigated area portion , Cu
., SCu and UCH amounted to >29.8-,30.2-,12.5-and 30.2 %,
respectively . On the other hand , another picture prevails at operating
pressures < 0.76 bar . The average wetting depth - precipitation rate -
at the wetting zone 1 ( 0-120 cm ) amounted to values much higher
than those in the other zones . The favorable mini-sprinkled area
portion amounted to < 15.4 % . The standards Cu, SCu and UCH
amounted to negative values . Mini-sprinkler water distribution
uniformity decreased sharply with the decrease of operating pressure .
Achtnich ( 1980 ) reported that a single sprinkler attained a favorable

irrigated area portion of only 25.4 % .
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The values of standards; favorable mini-sprinkled area portion,
Cu and UCH are similar at operating pressures > 0. 76 bar. Hence, it
would be advised to apply such standards. The average wetting depth
at the aforementioned wetting zones surrounding the mini-sprinkler
according to the author is a favorable standard to evaluate mini-
sprinkler water distribution uniformity Under the conditions of the
underlying research ,the pattern efficiency (PE) standard is not suitable
to evaluate water distribution uniformity, PE at different operating
pressures and wind velocities did not give meaningful values. It gave
low value of 27.44 % at 0.83 bar and slight value of 1.02 % at 0.76
bar and 0 value at less operating pressures . It also gave value of 0 at
|.0 bar. Table ( 1 ) discloses that the -vater conveyance etficiency
decreased to 62.3 % at operating pressure of 0.76 bar and 5 1 m/ s
average wind velocity , 197 -air- and 347 °C water temperature,
respectively , 63.3 % average relative hunudity and 7 mb vapor -
pressure deficit . The higher evaporative losses than that recorded in
Achtnich (1980), might be attributed to the narrow nozzle diameter Of
about 1.75 mm and to the higher water temperature (34 - 36 ° C) than
that of air (14 - 23).

The higher wind velocity disturbed the mini-sprankler water
distribution and increased the evaporative losses Fig, (4) and Table
(2) disclose that 5.1m / s average wind velocity caused nonuniform
water distribution. The wind decreased the wetting radius against wind
direction to 1.8 m and increased it in wind direction to 4 8 m Hence,
the southern portion of the mini-sprinkled area did not receive
adequate water. No water overlapping occurred in this research where
the mini-sprinklers were 6 m apart. The evaporative losses i this
research amounted to 6 - 38 % at different operating pressures and
weather elements averages In the literature cited, they amounted to

10 -40 %.

Conclusion

Applying a single mini-sprinkler, the average wetting depth at zones
surrounding the mini-sprinkler according to the author , 1 (0-120-),
2 (120~ 230 - ), 3(230-300-)and 4 [300-350 (400 )cm] is a

favorable standard to evaluate water distribution uniformity
High wind velocity , high temperature of irrigation water , low
relative  humidity and high vapor -pressure deficit make the mim-
sprinkler a questionable system in the Siwa Oasis Such factors mhibit
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applying the system . To apply a mini-sprinkler system successfully the
operation conditions must be improved as follows :

1 -

Growing of wind breaks in suitable design to reduce wind velocity
minimizing the harmful impact upon water distribution uniformity
and evaporative losses.

Blending artesian water [warm (34 -36 °C) and fresh (<320 p §

-/cm)] and drainage water (4060 - in winter and 6250 p S /cm in

summer) would reduce fresh water temperature minimizing
evaporative losses and alleviating harmful impact of high water
temperature upon vegetative growth. The drainage water quality
would be improved as irrigation water. Ayers and Westcut (1985)
stated in Table (1) that water salinity of < 700 p S /cm is not
harmful . The water salinity of 700 - 3000 u S /cm has slight to
moderate restriction. Barley ( Hordeum vulgare ) yields 100% at
irrigation water salinity up to 5300 p S /em , Cotton ( Gossypium
hirsutum ) 5100 - , Beet , red ( Beta vulgaris ) 4700 - , wheat
(Triticum aestivum) 4000 - . Date palm (Phoenix dactylifera)
yields 90 % up to 4500 - and alfalfa ( Medicago sativa ) 2200 p S
/em . It is afact that date palms, olives, grape , pomegranate ,
jujube , barley , wheat, alfalfa, squash, tomato and many other
crops thrive at Siwa Oasis applying the aforementioned saline
water . Applying drainage water for irrigation would alleviate
water logging problems and save the high quality irrigation water
for wider land reclamation projects.

Mini-sprinkling only in morning and evening when temperature is
low, wind is mostly still and relative humidity is high minimizes
evaporative losses and improves distribution uniformity.

The first and third measures alleviate damage from Na' and CI
adsorption through the wetted vegetative growth. Low
temperature, still wind and high relative humidity reduce
evaporation through vegetative growth. Hence, theNa' and CI
concentrations on wetted vegetative growth would not increase at
noticeable degree and slight adsorption would occur, according to
Ayers and Westcut (1985).

Mini-sprinkler with nozzle diameter > 1.75 mm has larger droplets
that are more stable against wind minimizing evaporative losses
according to Mather (1950) and Frost and Schwalen (1955)
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