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Study on the Characteristics of A Mist System
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vinyl houses at suburban and rural area has

I - Introduction been constantly increasing in Korea, with
increasing usage, such as, cultivating flowers,

The total area of green houses including vegetables, tropical fruits, and even rooting
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untt time, droplet size and distribution pat-
terrs of spraved water at different pressure,
ar ditferent height of the nozzle and at dif-
terent position of mist rod and pressure drop
at different position along the pipe were
measured and studied with necessary calcula-
tions.

From the above study, the author intended
to escablish a standard for designing a prac-

tica! ist system.

. Equipments & Method of

Experiment

1. The Mist System

The mist system used for ti:is experiment
is shown in Fig. 1a.

A cushion of air compresses the water as
wetar is pumped into pressure tank from the
water source. This compressed air furnishes
thie pressure to force the water out through
the pipes.

The pressure switch starts the meotor con-

necte i to the pump when tark pressure drops

below tne predetermined pressure. It stops
the motor at predetermined high pressure. As
watar is discharged, the air pressure in the
tank drops. When it reachkes the point below
predetermined the pressure switch automati-
cally starts the motor again.

The solenoid valve thar is an electrically
operated valve and actuated by the mist
controller which is electronically controlled by
the humidity of surroundings was installed.

All pressure gages used in this experiment
were bourdon tube type pressure gage, max.
14kg/cm?, 1div. 1/10kg/cm? and were calib-
rated with a dead weight pressure gage
tester before and after the experiment.

All nozzles for this experiment were instal-
led upside down with expectation to avoid

dripping of water dropiets along pipe.

9. Experiment on the Mist Nozzle.

With 6 levels of pressure, 4 lavels of the
height of nozzle and 5 levels of the position
of mist rod, 48 treatmenis were arranged

as shown in Table 1,

Table 1. Design of Experiment on the Mist Nozzle

Pressure [ Height of \ Mist rod } Dischafge  Droplet Size Distribu*ion
(kg/cm?) : Nozzle (cm) ‘ Position {(mm) } measured measured measured
; 40 ‘ 3.5 | i 0
P12 : 70 25 ] 0
35 z ‘ s 0 | 0 | 0
2.5 0 | 0 |
7,9 } 100 , a5 ! 0 | 0 { a
‘ 4.5 0 ! 0 ¢
| - 1
‘ 120 .5 | o

Discharge of water was measured from 30
treatments with the height of nozzle fixed.

Sizes  of water droplets were measured from

[a%]

4 trezmments with fixed nozzle height. Dise

tribution patterns of sprayed water were mea-
sured from 36 treatments. Three replications
were made in measuring from each treatm-

ents.
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1) Measurement of Discharge at Various
Pressure and with Different Position of
Mist Rod,

The discharge collector, as shown in Fig.1c,
was used to collect the water from the
nozzle above which a pressure gage was in-
stalled.

The solenoid valve was opened and water
was allowed to run for 5 seconds while the
pressure being kept fairly constant. The
amount of collected water during this pericd
was measured using a mass cylinder with 1

ml graduation.

Discharge measurements were taken from

30 treatments-6 levels of pressure, 1, 2, 3,5,
7, 9 kg/cm?® and 5 levels of mist rod position,
1.5, 2.5, 3.5, 4.5, co mm, with fixed, 100
cm, height of mist nozzle.

The author expected that discharge should
be proportional to the square root of the
pressure. He was also interested in knowing
if there were any relationship between discha-
rge and the position of mist rod.

2) Measurement of Droplet Size,

The stream from the orifice is broken up
by the impact upon the head of mist rod.

The position of mist rod-the distance from
the orifice to the head of mist rod-might af-
fect the size of droplets.

Six levels of pressure as in the case of the
measurement of discharge and 4 levels of mist
rod position 1.5, 2.5, 3.5, 4.5 mm-were
selected to establish 24 treatments.

To collect the droplets the paraffin coated
glass plates of 6xX6cm were used as shown
in Fig. 1-a.

Shirai, K.18, a Japanese agricultural engineer,
obserbed droplets on the paraffin coated
glass and derived an equation of true dia-
meter, d, with respect to visual diameter of
droplet, D, as shown in Fig. 2.

d=0.81 D -1

In 1957, Takashi Ishihara’ reported an equa-
tion for calculating the average diameter of
droplets as follows;

v
{%2—%— (2-2)
where d,: average diameter of droplets

x: measured diameter of each droplet
dn: total number of droplets.
The spacing of these glass plates was 10cm

do=

paraf{in film

glass

==
N

TFig, 2. Droplet on the Glass

for 1, 2, 3 kg/cm? and 15c¢cm for 5, 7, 9kg/
cm? respectively.

To measure the droplet size, 20-30 droplets
were chosen randomly and were measured
quickly with a microscope whose magnifyving
power was 50,

The average diameter was calculated by the
following equation which was derived from
Equation (2—1) and Equation (2—2):

d.— 200.81 x)°An
0T 7E(0.81X)*An

3) Measurement of Distribution Pattern
of Sprayed Water,

The distribution pattern of sprayed water is
very important for deciding the interval and
The author
expected that the higher the pressure was the

the ‘height of mist nozzles.

further droplets spread. He also expected
that there should be a certain relationship
between the distribution pattern and the height
of mist nozzle. He tried to find out some, if
any, relationship between the distribution and
the position of mist rod.

With 6 levels of pressure as before, 4 levels
of nozzle height (40, 70, 100, 120 cm) and
3 levels of mist rod position (1.8, 3.5 4.5

~4108-
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mm), 36 treatments were established.

To receive the sprayed water, a number of
cans{9, 5cm in diameters and 1, 5cm in heights)
were arrayed 4 directions as shown in Fig. 1-
a. The intervals of the cans were 10cm for
1,2,3 kg/cm? and 15cm for 5, 7, 9kg/cm?
respectively.

The amount of water was measured with
a balance whose capacity and sensibility were
200g and (, 1g respectively.

Then the sprinkling " intensity, mm/h, was

calculated by dividing the amount of water in

mm?, by the area of the can, mm?, and by
fraction of hour (duration).
3. Measurement of Pressure Drop Along
the Pipe with 35 Nozzles.

Pressure drop along the pipe on which
many mist nozzles have been installed is very
important factor to be considered when one
intents to design a mist system.

To measure the pressure at various nozzles
along the pipe while running the water, 6
pressure gages were set up as shown in Fig. 3,

Three levels of pressure-3.5, 5.0, 7.0kg/

152 G3 G4 G5 Gs
_____./A)D.':ﬁ:?g!?Ee:Jql;gnrn:(?[LL.:|:=Q;:|.. .:?
. DIA. OF PIPE 15mm
RESSURE
SHIGIL PRESSURE LENGTH OF PIPE 35m

INTERVAL OF ORIFICE Im

DIAMETER OF ORIFICE ¢,65mm

Fig. 3. Layout of Nozzles and Pressure Gages

cm? at tank-were selected as to form 3 trea-
tments.

Six obserbers stood in front of each pres-
sure gage and the valve was opened and water
was allowed to run while the obserbers took
the reading of each pressure gage simultane-
ously.

. Results and Discussion

1. Relation of Discharge to pressure.
Generally the relation of discharge to pres-
sure of water through an orifice is given in
the following equation:
Q=C AVaogH
where Q=discharge, cm3/sec.
C=coefficient of discharge
A=area of orifice, cm?
g=acceleration of gravity, cm/sec?
H=pressure head, cm.
The coefficient of discharge, C, is determ-
ined by the shape of the orifice, roughness.
of wall of the orifice, the velocity of water,

etc. However in this experiment the value of
coefficient of discharge, C, turned out to be
within a relatively small range, 0, 87-0,95,
with little variation along the change in pres-
sure-from 1 to gkg/cm?. This fact is clearly
visualized by Fig. 4.

The positicn of mist rod did not affect the
discharge as shown in Fig 4.

14F  Dia. of orifice 0.65mm T
THEORETICAL VALUES e
2r C 5 0.87
Ciuvs <
10r -

":EXPERIMENTAL V;\LUEAS
g1, Suim %y 2, M

e% ¥ 3 5Mina s ), Gmm|
%% without mist_rod

S S S B R SR S
Pressure(kg/cm)
Fig. 4. Relation of Discharge to Pressure

Discharge (cc/sec)

\

2. Droplet Size.

Droplet size increased from the center to
the exterior-100 microns to 400 microns-as
shown in Fig. 5. This fact coincides with the
result reported by Tate, R. W. and L. F.
Janssen!® and with that by Mino.
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L‘mang the pressuxﬂ af‘éued the size of R became smaller as the pressure increased.
3rop 0. decrease Thé’”lncreasmg ratio 6f - Above facts were shown in Figs., 5 & 6.
dropkts size from the ceﬂter‘ to the exterior The influence of different position of mist

400|— ’ e
_ P:irkg/ cm? st
- //"
300[~
200}—
100—
q 1 | i . 1 h, + 100cm
0 — -
30 60
ceresee 6015
I -, 25
300+ p:2kg/cm’ s -
200~
100

Diameter of Droplet (microns)

0
BCOL
200

100

3001

2001

100

P:skg/cm® e )

Fig. 5.

|
20 €0 50 o

Distance [rom Nozzle Axis (cm)

Relation of Droplet Size to the Distance from Nozzle

Axis for Various Position of Mist Rod (d:mm)
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rod within 1.5-4.5mm upon the size of drop-
lets was not significant as shown in Figs
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3. Distribution Pattern of Sprayed
Water.

=

6 and 7. General distribution pattern of sprayed water
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Fig 6. Droplet Size relative to Pressure at Two Different Distance (30, 60cm) from

Nozzle Axis for Different position of Mist Rod (5:mm)
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Nozzle height 100cm
400¢~ ST PR Pl — -

L 11, 5mm e —-—— P 2| % P
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~3 Wy
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1001
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200 r—

100~ R

Distance from Nozzle Axis (em)

Fig. 7. Relation of Droplet Size to the Distance from Nozzle Axis
for Various Pressure (P: kg/cm?)

was a kind of hollow cone, the center part Figs. 8, 9 and 10 show the distribution
of which was not truely hollow but some pattern of sprayed water in a radial direction.

what lightly sprayed. As the pressure was increased the radious
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of sprayed area were enlarged and the max-
imum sprinkling intensity did not show signi-
ficant change as shown in Figs. 9 and 10,

The distribution pattern was affected more
by the height of mist nozzle than the position
of mist rod as shown in Fig. 8.

More uniform distribution of sprayed water
height of
mist nozzle than at 40, 120cm as shown in
Fig. 10.

Resonable spacing of the mist nozzle at

could be obtained at 70, 100cm,

various pressure could be givenin the foll-
wing Table 2,

Table 2, Optimum Spacing of Nozzle at
Various Pressure

Pressure (kg/cm?) i 1 21 3 5:! 7 9

optimum spacing of 01 195 140 woi 190} 220

nozzle (cm)

553, 5mim

s 11, 1)
—wa - 74%
—— 10

Lopy (kgfemy)”

3

= v 170
Z 10
= L
R
2
=
Z
=
£ 10
v Il N l 1 L R
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Distahce from nozzle axis (emm—7——"—0ry
—r—ax 11,710
30~ } -2 .0
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ot 7 120
o 20F
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Fig. 8. Distribution Pattern of Sprayed
water with Various Height of
Nozzle (k, :em)and/or Different
Position of Mist Rod (4:mm)
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4. Pressure Drop at Various Orifices.
Pressure distribution along the pipe which

has 25 mist nozzles is shown in Fig. 11
g .

T
~ R I —
56 ‘
i —r— | I
O 4
5
2 e
30
A -

q 5 015 025 W

Position of Orifices (m)

Fig. 11, Pressure Drop at Various
Orifices along the pipe
The pressure drop at the end ef 35m pipe
was slight despite the levels of pressure.

Generally pressure drop depends upon the loss

.2
in velocity head-w;—g—r—and friction loss of head

Since the diameter of nozzle is only 0, 65mm
and that of pipe is 15 mm, velocity of water
in the pipe is very small even when ail noz-
zles are discharging water. Therefore the
pressure drop which might be proportional to
the square of the velocity of the water should
be small,

This pipe, 35m in length, 15mm in inside
diameter, installed with 35 mist nozzles, hav
ing orifice of 0, 65mm in diameter, shonld not
encounter any difficulty by pressurre drop in
the range of 3 5-7. Okg/cm?.

The result of this experiment is remarkable
when compared with the report of Kadota
and Mizumachi® in which they have used en-

tirely different perforated pipe.
V. Summary and Conclusion

This study was carried out in order to
establish a standard reference for designing a
practical mist system.

Setting the nozzles upside down, discharge,
droplet size and distribution pattern of spra-
yed water depencirg upon pressure, heignt

of mist nozzle and mist rod position and
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pressure drop at various orifices were mea-
sured and studied with necessary calculations.

The resuilts of this study can be summariz-
ed as follows:

A. Coefficient of discharge, C, for the mist
nozzle was in the range of 0 87-0.95. Disc-
harge increased with increasing pressure, i.e.,
6cc/sec at 2kg/cm? and 9ec/sec at 5kg/cme.
There were no many differences between the-
oretical values and experimental values.

B. Droplet size was increased from the
center to the exterior and was decreased by

increasing pressure, i, €., 100 microns to 300

microns at 2kg c¢cm? and 100 microns to 250
microns at 5kg cm?2,

C. The distribution of sprayed water was a
kind of hollow cone. The sprinkling intensity

was moderate in the center zone and increased
toward outside and then decreased after rea-
ching the peak. The diameter of sprayec area
increased with increasing pressure, i. €., 120
cm at 2kg/cm® and 160cm at Skg/cni.

D. More uniform distribution of spraved
water was obtained at 70cm and 100cm than
at 40cm and 120cm of the heiget of mist
nozzle,

E. Both the droplet size and distribution
pattern of sprayed water were not affected
by the different mist rod position, witiin the
range of 1 5-4 5mm.

F. Along the pipe, 15mm in inside daimeters,
installed with 35 mist nozzles at 1m intervals,
whose diameter was 0, 65mm, there were little
pressure drop.
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