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I. Introduction

In recent years, pest control machines for the application of concentrated chemicals have
rapidly developed and spread. ®®4" But, although various kinds of nozzles for mist sprayers
have been made, we can hardly find any analytical study of characteristics of these nozzles
though these studies are very important in designing and producing the nozzles. So, the
author has made a study of characteristics of atomization, arriving force, dispersion and distribu-
tion pattern of these nozzles.®M®®) But in this paper, only the atomization characteristics of
nozzles will be described.

An outline of characteristics of nozzles for mist sprayer is as follows : It has been generally
recognized that the purpose of concentrated application was to economize consumption of
chemicals, accordingly, to save time and labour, and with low volume application, application
work would be rationalized and efficiency of pest control would be increased.®@®® With
mist nozzles, an atomization mechanism is required so that the size of the particles is 10—100x
in diameter. So, the mechanical structure of these nozzles is, of course, different from the
nozzles of hand sprayers or power sprayers in which whirl nozzles are generally used. The
sprayer nozzles are airless spray type, while on the contrary, the mist nozzles are almost
blower application type. (That is, air injection spray and air blast spray type.) Therefore this
atomization is mechanical dispersion and atomized small particles are applied by a blast from
the blower.

II. Experimental apparatus and method

Diagram of apparatus which the author prepared is shown in Fig. L.

Engine: 50 cm® Two cycle single cylinder,
air cooled gasoline engine. Standard
revolution 3500 r.p.m, 1.6, Net weight
6.4kg, Fuel consumption 460 gr/WP/hr,
Compression rate 6:1.

Pump: Gear pump.

Blower: Sirocco Fan, velocity of blast at out-
let of nozzle pipe up to 58m/sec, air
volume up to 8.7m?/sec.

And these were driven with V-belt and this

revolution ratio is as follows:

178 ™

b Engine : Blower : Pump=1: 2.057 : 0.857
@ Mist nozzle @ Gear pump All the tests were done in the experimental
@ Nozzle pipe & Blower vilding, theref h
) Chemical tank © Engine room of a concrete building, therefore those

.. . . not influenced by the wind.
Fig.1 Diagram of experimental apparatus tests were not intiu d by
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The measuring method was as follows: First, the particle atomized in the nozzle were caught
on the preparate glass smeared with oil. (which was made as follows:mixed mobil number

40 and caster oil and condensed untilits viscocity was 89°)
The measuring position where the particle were caught is shown in Fig.2. Tested nozzles
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Fig. 2 Measuring Position

d.=>nd3/3nd=
Where

were set 44.5cm height from earth and fixed,
And a microphotograph was taken of these
samples caught on the preparate glass. That
magnification was made seventy five times.
Constant areas were set in the field of vision
of these microphotographs, and the number
of particles inside and these particles sizes
were measured. Generally, the various mean
diameter of particles are determined by the
following formula: (1) Area diameter (projec-
ted area) d,=>nd/>n, (2) Area length diam-
eter d,=>wnd?/>nd, (3) Volume surface
diameter d,=3nds/>ndz, (4) Area diameter
(cross-sectional area) de= (Sadz/Sh) -  (5)
Volume diameter da =(Snd?/Sn) 1. ‘
And, in this experiments, mean diameter of
particles were calculated by the following for-
mula:

d, : mean diameter of particle

d :measured diameter of particle
27 number of particles having a diameter d
So, atomization quality was measured by atomized particle sizes and the number of paticle

applied. Tested nozzles were made of brass by the author himself.

type nozzles for a mist sprayer were used.

And five representative

III, Experiment of air velocity and air volume from the blower

Before chemical application test, the author measured characteristics of air velocity and air

volume at nozzle pipe outlet. Next, author test-
ed air velocity of range of deposit, distribution
and diffusion of air. And they were measured
with a manomenter and anemometer. Those
tests result are shown in Fig. 3. From these
results, it was recognized that the more the
number of revolution of engine increased, the
more the air velocity.

As shown in Fig. 3. this velocity declin-
ed very rapidly with range of deposit. This
declining curveis given in following experimen-
tal formula.

V=151x"%"*
V :air velocity (m/sec)
X range of deposit (m)

where
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Fig. 3 Relationship between distance from nozzle
and air velocity of blast

IV. Characteristies of the experiments for earch mist nozzles

(1) Whirl nozzle with breaker net type mist nozzle.
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a. Structure of nozzle.
The nozzles structure is shown in Fig. 4.(a). On this type of mist nozzle, atomization
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(b) Different sizes of breaker nets
(a) Section of nozzle (mesh) and whirl nozzles

Fig. 4 Structure of whirl nozzle with breaker net type mist nozzle

mechanism is explained by following principle; first, chemicals were atomized by whirl nozzle,
and further atomized to smaller particles by impact on the breaker net.
Therefore, on this type nozzle, effected factors of structure on atomized particle size and
number seemed to be as follows:
(1) Whirl nozzles hole diameter (in Fig.4.(b.), A=09mm¢, B=12mmé¢, C=1.98mme)
(2) Mesh size of breaker net(in Fig4.(b),No.l=12mesh, No.2 =16mesh, No.3=24mesh,
No.4=32mesh, No.5 =50mesh)
(3) Air velocity of a blast from blower (30, 39, 48, 57 m/sec)
Thus, experiments were done by means of variation of each of the above factors.
b. Experimental results and discussion.
The characteristical graph of the results of atomizing tests is given in Fig. 5. From these
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Fig. 5 Characteristics curve showing the effect of nozzle structure on whirl
nozzle with breaker net type mist nozzle.
results, the effect of air velocity on particle size was the most distinctly different in comparison
to the other factors. Especially, when revolution is decreased from 2600 r.p.m (39 m/sec) to
2200 r.p.m (30m/sec), particle sizes became larger from 70~100x to 150~180x. The effect of
mesh size of breaker net was not remarkable on particle sizes, but in proportion to the smaller
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size mesh, the particle size became smaller. However, when the author used No.3, No.4, No 5
net, atomization was no good. From these facts it might be supposed that in these cases,
mutual relation between net mesh size and whirl nozzle hole diameter was unbalanced.
Atomization is not done perfectly, therefore, the volume of chemicals dropped on the breaker
net is increased. So, the number of particles is decreased though particle size became smaller.
(2) Air and chemical jet impact type mist nozzle.

a. Structure of nozzle.

The nozzles structure is shown in Fig. 6.(a). On this type nozzle, atomizing action is done

. (b) Different sizes of single hole nozzles
(a) Section of nozzle
Fig. 6 Structure of air and chemicals jet impact type mist nozzle

by impact reaction between air and injected chemicals. Therefore, on this type nozzle, effect-
ed factor of structure on atomized particle size and number seemed as follows, so, the author
varried these factors on this test.

(1) Air velocity of blast from blower (30, 39, 48, 57m/sec)

(2) Single hole nozzles diameter (in Fig. 6. (b), A=0.7lmm¢, B=0.97mmé¢, C =1.41lmma)

(3) Nozzle position from outlet of nozzle pipe (Point(®=4cm, Point(® =6.2cm,

Point 3)=8.4cm)

Thus, experiments were done by means of changing each of the above factors.
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Fig.7 Characteristics_curve showing the effect of nozzle structure on air and chemical jet
impact type mist nozzle
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b. Experimental results and discussion.
Results obtained from the experiment were presented in Fig. 7. With this type nozzle, also,
particle sizes were greatly affected by air velocity. The maximum size of particle is 2104, there-
fore, it is larger than from the other type nozzles. Effects of variation of nozzle hole diameter
were following that as to the larger the nozzle hole as 0.7lmm¢, 0.97mm¢, 1.41lmmé, the larger
the particie size slightly, and the less the number of particles. But such rate of decrease
is less than whirl nozzle with breaker net. As for the effect of nozzle position, when single hole
nozzle was set farther in from nozzle pipe outlet, i.e., Point(@), particle size and its number
were decreased as in Fig.7. This phenomenon seems to be due to dropping the chemicals on
pipe wall, so, when nozzle set near outlet, i. e., point(@), atomization was good.
(3) Propeller type mist nozzle.
a. Structure of nozzle.
The nozzle’s structure is shown in Fig.8.(a). On this type nozzle, propeller is revolved by air

Nogsle £ole
T

(@) Section of nozzle (b) Different shapes of propellers
Fig. 8 Structure of Propeller type mist nozzle

pressure from blower, and chemicals which were compressed are injected in six nozzle holes
and its jet is impacted .on propeller blades. These six nozzle holes are set on the round of
propeller shaft. Therefore, on this type nozzle, effected factor of structure on atomized par-
ticle size and number seemed as follows, so author varied these factors on this tests.

(1) Air velocity of blast from blower (30, 39, 48, 57 m/sec)

(2) Shape of propeller (Four kinds as shown in Fig 8.(b))

(3) Pressure of chemicals (This pressure was adjusted by pressure regulator from 60lb/in?

to 100 1b/in2) i
(4) Position of propeller and nozzle hole (Point’ @, @. @), were set 4 cm, 6.2 cm, 84 cm
from outlet of nozzle pipe)

Thus, experiments were done by means of changing each of the above described factors. -

b. Experimental results and discussion.
On this experiment, nozzles and propeller shaft were made with brass, thus, propeller revolu-
tion was very smooth. But if chemicals involve many solid body or has large viscosity, shaft
clearance is filled with these chemicals.
Results obtained from the experiment were presented in Fig.9. And sample of micropho-
tograph were shown in Fig.9(d). Effect of air velocity promoted atomization. That is the higher
air velocity became, the more propeller revolution is increased, and number of particles also
increased. When air velocity was 30m/sec, particle size was 150~180x in diameter. This size
is large for mist particle. When propeller revolution became high, atomization degree is very
good. Effect of shape of propeller was as follows that on D-type which has 12 blades, atomizing

£
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Fig. 9 Characteristics curve showing the effect of nozzle structure on propeller type mist nozzle

particle size was minimum, and its number was good as 200 at 48m/sec. Relaionship between
B-type and C-type seems to be that on B-type the mean particle size is smaller than that of
C-type. On A-type, particle size was largest and number was less, and so atomization was not
good. From these facts it might be supposed that blade number is a very important factor
for atomization. Effect of chemicals pressure was follows that although atomization is affected
by air velocity and revolution of propeller, when pressure became the high as 60 lb/in2—80 Ib/in?
—100 Ib/in? atomization was promoted slightly on both B-blade and C-blade.

When same nozzle hole was used, the higher the pressure, the larger the volume of deliv-
ery. But on this nozzle, atomization was more greatly affected by the impact force than the
volume of chemicals. Therefore, it is believed that if higher pressure were used atomtzation
would be better with smaller particles. Before test 1 thought that effect of nozzle position was
almost negligible. But in this experiment when position set inner, the particle mean diameter
became smalle slightly, and also number was decreased. From these facts author judged that
reason for this facts are due to impact on pipe wall and drop out and flow out of nozzle pipe.
(4) Breaker disc type mist nozzle.

a. Structure of nozzle.

The nozzles structure is shown in Fig.10(a). On this type nozzle, pressed chemicals which
was injected in single bole nozzle is impacted on breaker disc, and these are atomized by blast
from blower. The round part of the breaker disc was beveled as shown in Fig.10(a).

Theref‘o're, on this type nozzle, effected factors of structure on atomized particle size and
number seemed as following. so, author varied these factors on this test.

(1) Breaker disc diameter (in Fig.10 (b). D=13.75mm¢, 27.50mm¢, 41 25mmd)

(2) Air velocity of blast from blower (30, 39, 48, 57m/sec)

(3) Nozzle hole diameter (in Fig.10(b), D=0.80mm¢, 1.12mm¢, 1.41lmmde)
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Blast

(a) Section of nozzle (b) kDifferent sizes of breaker disc
and single hole nozzles

Fig. 10 Structure of Breaker disc type mist nozzle

Thus, experiments were done by meaus of variation of each of the above factors.
b. Experimental results and discussion.

Experimental results presented graphically in Fig.11. This type nozzle has special characteris-
tics. That is, atomized particle size varied with varied breaker disc size. For example, when
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Fig. 11 Characteristics curve showing the effect of nozzle structure

on breaker disc type mist nozzle
using nozzle D=080mm¢ at D=13.75mme¢ breaker disc, shown mean particle diameter 954 at
center of application. And when D=4125mm¢ breaker disc, particle size became smaller as
60x. On the other hand, the smaller the particle size, the greater the number of parlicles
became, and application pattern is good. But when using nozzle D =0.80mm¢, the larger
the breaker disc diameter as D=13.75mm¢-27.50mm¢p-61 25mm¢, the smaller the particle
size and also the number was decreased. Especially at m.p. a and b which is nozzle center,
these facts are presented very distinctly. From these facts I thought that this phenomenon is
due to as following reason : in spite of breaker disc diameter becoming larger (i.e., atomizing
reaction part is large), jet volume is less, too. Therefore designer can increase jet volume more
in this case. For these reasone, on this type nozzle it is most important that mutual relationship
between breaker disc size and nozzle size is selected in optimum. Effect of nozzle diameter
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was as follows, that when using the same breaker disc, the smaller the nozzle size, the smaller
the particle size and the number increased. And also, the higher the air valocity, the smaller
the particle size aud number increased, too. But generally speaking, on this type nozzle particle
size is larger than the other type nozzle. For example, when using nozzle D=0.80mm¢, break-
er disc D=13.75mm¢ at Point a, 30m/sec, particle mean diameter of 200¢ occoured.

(5) Pneumatic type mist nozzle.

a Structure of nozzle.

The nozzles structure is shown in Fig.12.(a) (b). In this test, the author using air compressor

(a) Section of nozzle (b) View of noZTg
Fig.12 Structure of Pneumatic type mist nozzle

to obtain compressed air. Therefore, this type nozzle needs excessive apparatus for atomization
On this type nozzle, effected factor of structure on atomized particle size and number seemed as
follows, so, the author varied these factors on this test.

(1) Pressure of compressed air (100, 150, 200 Ib/in2)

(2) Position of nozzle (Point @, @, @)

(3) Air velocity of blast from blower (30, 39, 48, 57 m/sec)
Thus, experiments were done by means of changing each of the above factors.
b. Experimental results and discussion.
Results obtained from the experiment were preseuted in Fig.13. On this type nozzle, mutual
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relationship between chemicals pressure and compressed airs pressure greatly affected particle
size and number. For example, under the constant chemicals pressure 80 lb/in2, atomized particle
size was 1054 on air pressure 100lb/in2, and particle size was 90# on air pressure 150 Ib/in%,
and particle size was 754 on air pressure 200 Ib/in2. Thus, from these facts, it was clear that
as to the atomized particle, the higher the air pressure, the smaller the particle size, and num-
ber is increased, i.e., 230 on 100 lb/inz, 235 on 150 lb/in#, 270 on 200 lb/in%. Effect of air
velocity was as follows, that the higher the air velocity, the less the particle size and number
was increased, These facts were clear on both 200 lb/in2 air pressure and 100 lb/inz. But on
this type nozzle, particle distribution density was different from measuring position, i.e., a, b
and c, especially. That is, on nozzle center particle was a mass, and on the side particle
distribution was rough.

V. Mutuality of five nozzles for use on mist sprayer

As discribed above, on each nozzle for representative five type mist nozzle, the author has
studied experimentally the characteristics of atomization. And in these cases the author inves-
tigated the effect of some constructural tactors for each type nozzles. The next, author has
made experiments for mutuality among these five nozzle characteristics. Experimental conditions
for each nozzle were selected as follows : Whirl nozzle with breaker net type nozzle—-nozzle
diameter D=0.90mm¢, breker net No.4 (32mesh), chemicals pressure 80 lb/in2. Air and chem-
ical jet impact type nozzle Point (@, nozzle diameter D =1.4mm¢. Propeller type nozzle —
chemicals pressure 80 lb/in2, propeller blade

B-type. Breaker disc type nozzle —- chemicals % 4oo I
pressure 801b/in2, nozzle diameter D =0.80- ﬁs =
mme, breaker disc diameter D =13.75 mm¢. 2 300 1
Pneumatic type nozzle — Point (@, compressed >~ L //
air 200lb/in2, chemicals pressure 80 lb/inz. 200 /f_ ‘leI
There are more effective conditions on each % e v
nozzle, therefore, the above condition is not the <,
maximum condition of structure. But, in gen- ~F
eral, atomization, disperition, is contradictory % £ :\\
to each other. So, the author selected one R
factor in many variable factors for experiment. & F
This one factor is air velocity of blast from ~ ;soj N
blower. 3 R

Results obtained from these experiment g 100 |-
were presented in Fig.14. From this mean X I ]1117 :
particle size curve, it was shown that particle £ u Nﬂ{ —
size is smallest on whirl nozzle with breaker = [

net type nozzle, and also propeller type nozzle \30’%0/ 37 45 57 (Mgee)
coresponds very closely. Above two type noz- Ao 0“’@ "]{ Hact

zles has two step atomization reaction. And T : Whirl nozzle with breaker net type mist nozzle

propeller type nozzle is almost equal to break- ' rf)ozzleHD=0_9Omm¢, breaker net No.4.
. N . ) i I : Propeller type mist nozzle
er disc type nozle in regard to atomizing Pressure of chemicals 80lb/in®, propeller B

reaction. That is, their atmization is done with [ : Pneumatic type mist nozzle

. o compressed air 200lb/in%, Point@
centrifugal force. And second, on pneumatic If: Air and chemical jet impact type mist nozze

type nozzle particle size was small on 30 Point@, nozzle D=1.41mm¢
Je : : Y : Breaker disc type mist nozzle. nozzle D=0.80
;ri/,sec/ air fzeloclty.l but onF39 m/;ec, 4§m/se?, mmeé. breaker Disc D=13 75mmd
m/sec, 1t was ‘arge.  trom t ese acts. 1t Fig. 14 Relationship between air velocity of blast
seems that action is not affected by air velocity and mean diameter and number of'

on this typz nozzle. And next, air and particles on each type nozzles
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chemicals jet impact type nozzle tollows, and breaker disc type nozzle was largest (note:in this
experiment, on breaker disc type nozzle small disc was used, that is arriving type nozzle.). In
regard to particle number curve, nozzle with breaker net type nozzle has most numbers. And
next, propeller type nozzle and pneumatic type nozzle. And with a difference in number of
30, air and chemical jet type nozzle and breaker disc type nozzle had minimum value.

VI. Conclutions

In this paper, the author has heen experimenting on five mist nozzles. And so, these

results are as follows :

(1) On the whirl nozzle with breaker net type and propeller type nozzle, distribution pattern
of particles were diffusing type.

(2) On the breaker disc nozzle, the characteristics are varied by mutual relationship between
disc and nozzle sizes, i.e, they have characteristics both diffusing type and arriving type.
And travelling force is much better than other type nozzles.

(38) On the pneumatic type nozzle, particle arrived at a full distance from the nozzle and
the reduction of particle number is less than the others. And also, on the air and chemical
jet impact type nozzle, travelling force is worse than the former.
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