LL&&ID SPRI NKLER The present invention relates to a

| i#ui d sprinkler, and nore particularly to a sprinkler head for 5 a
|t qui.d sprinkler. The present |iquid sprinkler can be al so suitably
used to protect crops, trees, etc. from . frost danmage.

Water sprinklers have beep so,far usedto 10 sprinkle water in farnms or
veget abl e gardens for grow ng
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. ‘The present invention relates to a liquid
sprinkler, and more particularly to a sprinkler head for
5 a liquid sprinkler. The présent liquid sprinkler can be
also suitably used to protect crops, trees, etc. from

frost damage..

Water sprinklers have been so far used to
10 sprinkle water in farms or vegetable gardens for growing
vegetables, flowers, etc. outdoors, or in green house
farms or gardens, orchards, public gardens planted with
lawns, Elowefs, etc. or on roads. ‘
Generally, the sprinkler is perpendicularly
15 arranged at the center of desired water sprinkling area,
and water is ejected through a nozzle formed at a
rotatable sprinkler head, the water ejected through the
nozzles is allowed to hit a vane mounted on the head,
-thereby rotating the head in one direction by virtue of
20 its impact force to sprinkle water concentrically in a
broad range.
Bowever, the sprinkler head of the above-
mentioned conventional water sprinkler produces a
concéﬁéfic (déﬁghnu%_éﬁaﬁgd%iégﬁigﬁf;d area around the

25 sprinkle as a center, as shown in Fig. 73, where the



veget abl es, flowers, etc. outdoors, or in green house farms or gardens,

orsthards, public gardens planted with | awns, flowers, etc. or on roads.
Cenerally, the sprinkler is perpendicularly 15 arranged at the center of
desired water sprinkling area, and water is ejected through a nozzle
formed at a rot at abl e sprinkl er head, h;e wat er ejected through the
nozzles is allowed to hit a vane nounted orf the head, thereby rotating
the head in one direction by virtue of its.inp ct force to rinkl e
wat er concent r S@E4nKkLed Area 15,3 AL %8 region’ far from g, ri

sprinkl er head _of the above- menti pned cqnvent i mater S rlnkler
produces a ldoncdhat c‘-iddﬂ%ﬁﬂm‘ih%fé%%flfe pFPﬁRPgELQBeérgraod'%dathe 25

sprinkle as a center s shown in Fi 73, where th
P rectangéﬁar or squareQarea, ater cannot be sprinkled to

the corners of the area. Furthermore, the sprinkler can
s sprinkle water in a broad area, but fails to sprinkle
water in the area near the sprinkler.

To sprinkle water all over the desired
spriﬁkling area, sprinklers must be provided to overlap
the respective sprinkling areas in parts, as shown in

10 Fig. 74, where the sprinklers 1l are so provided to
overlap parts of the hatched sprinkled regions. That
is, there is another problem of failure to efficiently
provide the sprinklers in a sprinkling area.

Furthermore, the sprinkler pead of the

15 conventional sprinkler has a nozzle héving nozzle
diameters of more than 2 mm to obtéin a sufficient .
impact force, and thus the larger sprinkled water
droplets are inevitably formed. That is, a strong
impact is imparted to the surface of sprinkling area by

20 the larger water droplets and thus water cannot be
gently sprinkled due to rebounding of water droplets,
etc. When water is sprinkled onto the surface of
sprinkling area as if to hit the surface, for example)
sown seeds flow away from the soil or roots are exposed

26 £from the soil to give a serious plant growth inhibition

problem.



-2-7 sprinkled area is a hatched region far froma sprinkler 11.
That is, when the desired sprinkling area is a rectangul ar or square
area, water cannot be sprinkled to the corners of the area.
Furthernore, the sprinkler can 5 sprinkle water in a broad area, but
fails to sprinkle water in the area fiear the sprinkler.

To sprinkle water all over the desired sprinkling area, sprinklers

must be provided to overf@prnermotBe LRSREGLIEE SI ispdinkd el eawn i n parts,
as shown in 10 Fig. 74, where the sprinklers 11 are so provided to
vegetables or flowers planted on ridges in a farm field
or linearly planted trees, water is inevitably sprinkled
into grooves between the ridges or into spaces between a2
g line of trees and another line, that is, even onto the
unwanted area for water sprinkling and thus the larger
volume of sprinkled water is regquired. In other words,
a large volume of water is wasted.
When the desired sprinkling is not on the
10 horizontally f£lat plane, that is, when water is
sprinkled onto an inclined plane, the sprinkling
distance of sprinkled water droplets from a sprinkier
perpendicularl ﬁrcvided at the center of the inclined
plain differs between the downward side and the upward
15 side of the inclined plain, and thus water cannot be
sprinkled uniformly all over the inclined plain.
Furthermore, on the upward side of the inclined plain
the water droplets ejected through the nozzle inevitably
hit the soil surface because the sprinkler head is
20 nearer to the soil surface. Thus, for example, sown
seeds £flow away from the soil, leaves or stems.are
damaged or roots are exposed from the soil to give a
serious problem of plant growth inhibition.
Still fuithermore, the sprinkler is to
25 sprinkle water from the rotating head, as explained

above, and the sprinkling range of tues sprinkler can be

changed only by the specific rotatable angular range of



overlap parts of the hatched sprinkled regions. That

anot her problemof failure to efficiently prOV|deT? W’c n a
sprinkling area. Furt hernore, the sprlnk
conventional sprinkler has a nozzle having,nozzle

than 2 mMmto obtain a sufficient |npaét force, and thus t he Iarger

sprinkl ed wate
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2eh 8 R s@Micircular area around the
sprinkler location as a center, and only the rotatable
angular range of sprinkler head can be changed.
However, the actual change of the rotatable angular
rénge has a technical difficulty, because, for example,
balance between the rotatable angular range and thé feed
rate of water must be precisely adjusted beforehand.
Thus, when the water sprinkling area is a portion of the
area all over around the sprinkler location. For
example, when the water sprinkling area is not an area
all over around, the sprinkler locates on one side of
the sprinkler location (for example, on the west side of
the sprinkler location), or when the water sprinkling
area is on both sides of the sprinkler locatien (., that
is, all over around the sprinkler location), but locates
far from the sprinkler location, or near to the
sprinkler location, there is a problem of a failure to
efficiently sprinkle water only in such a portion of the
area. |

Generally, crops such as beans, potatoes,
vegetables, corns, tea leaves, coffee beans, mulberry

leaves, feed crops, etc., and

[
"

uit trees such as grape

vines, orange trees, etc. are susceptible to frost
damage due to early frost in the autumn or late frost

in the spring. Frost is formed by contact of water



probl em - 3-

Furt hernore, when water is sprinkled on veget abl es or flowers pl anted
on ridges in a farmfield or linearly planted trees, water is

i nevitably sprinkled i nto grooves between the ridges or into spaces
between a 5 line of trees and anothersl4ine, that is, even onto the
unwant ed ar eg,Jof; Ve SEnoPkipkbion and tBYs £he fheeU® objectal WE Oie
sprinkled water 1s requir her words, a |large vol une of water

i s wast ed ound and b V@@Ecé§§1@§sbﬁ§d1§ﬁEh%ﬁ|ln@ms&Iﬂﬁr(ﬂtdﬁﬁ 10
hOFIZOﬂtMl){%ﬁat pl ane, ¥hat I's, when water is

damages are physical climatic disasters due to low
temperatures. Thus, the following measures have been so

s far taken against the frost damage, for example, in
orchards, tea gardens, mulberry fields, etc: (1) a
frost sheet belt of trees must be planted; (2) plants
must be housed with'piastic sheets; (3) air in the
gardens, farms, etc. must be heated or agitated by a

10 £an, etc.; (4) smoke must be generated or water droplets
or an anti-freeze agent must be sprinkled to prevent
frost generation, etc. Among these measures, sprinkling
of water droplets is easy to carry out because of a
relative;y low labor power, a low running cost and a low

15 capital investment. Thus, sprinklers have been tried as
a device for preven;ing frost damage, " because they can
inhibit frost generation.

However, the sprinkler head of the

conventional sprinkler is teo eject water through a

20 nozzle to hit the vane and rotate the sprinkler head by
the impact force of ejected water, and thus the
Sprinkled water droplets are so large in the droplet
sizes that they cannot be suspended in the air for a
long time and thus fall immediately, and no sufficient

25 heat exchange can be carried out between

the water

cdroplets and the air. As alreadv mentioned before, the

water sprinkling area of the sprinkler head is a

concentric (doughnut-shaped) area round the sprinkler as



sprinhkled onto an inclined plane, the sprinkling di stance of sprinkled
wat er droplets froma sprinkler perpendi cul arly provided at the center
of the inclined plain differs between the downward side and t he upward
15 side of the inclined plain, and thus water cannot be sprinkl ed
uniformy all over the inclined plain. - g Furthernore, on the upward side
of the inclined plain the water droplets ejected through the nozzle

i nevi tably égﬂtéhe SPhht Sy | aﬁstéﬁcgggﬁnmena#hﬁkb@ da8ad d o0

nearer to the s surface. Thus, for exa seeds fl ow away

fromthe soil ; eaves.04 SLEAT #h& canno@aﬁﬁgﬁgnﬁr ﬁoehé AR LXRASEG Hd Om

the soil to give a serious problemof plant gro I nhi bition.

Still furtherr&a&nﬁf@:sprm&&erthé 895t 22b8REbAKLE WRLEnKLEMJdiRs Afati ng
head, as expl ai'ned
not uniform in the entire sprinkling area, and there is
5 a fjuctuation in the frost damage-preventing effect.
The sprinkler head of the conventional sprinkler has a
problem of poor frost damage-prevénting effect.

Furthermore, the conventional sprinkler is
provided with a filter for preventing clogging. due to

10 sands, rusts, dusts, etc. at the discharge outlet of a
pump for feeding water to the sprinkler or in a water
distributor pipe connected to the discharge outiet of
the pump. However, the discharge outlet of the pump or
the water distributor pipe connected to the discharge

15 outlet, at or in which the filter is_p;OVided, is so
small in diameter that a filter provided in the liquid
passage cannot have a large number of meshes. Thus,
there are problems of a larger pressure drop, a
restricted flow rate, and an early cleogging by sands,

20 rusts, dusts, etc.

When the conventional sprinkler is used in
orchards, water droplets ejected onto the vane from the
nozzle are spread toward tﬁe overhead of sprinkler head,
and thus attached to fruits, which are thus kept in a

25 Cconstantly wet state. This leads to very liable
infectidn by the so calle& pathogenic organisms such as

growth of molds on fruits, propagation of pathogenic



abave, and the sprinkling range of the sprinkler can be changed only
by the specific rotatable angul ar range of

Substitute sheet - 3 Decenber 1997 -4-
sprinkler head. Water sprinkling to a plurality of wat er sprinkling
areas is not possible to control. That 7 - is, the water sprinkling area
Is always restricted to a sector-shaped area or a semcircular area

around the 5 ri nkl er | ocation as a center, and o y the.rotatabl e
angul ar range® éFe§5ﬂPnkF§F ‘he W%£+Q%3¢§E1 A O yieia 3k

fruits.
When the conventional sprinkler is used in
green house farms or gardens, the angle of nozzle
5 elevation must be made lower so that the water droplets
ejected from the nozzle may not hit the ceiling of the
green house. That is, there is & limitaticn
to the sprinkling height. That is, impacts of water
droplets ejected from such nozzle on the soil surface
10 are so large, resulting in rebounding of water droplets
and a failure to conduct gentle water sprinkling,.
In other words, the conventional sprinkler has
such a problem that water cannot be sprinkled with-
out any consideration of the so called limitation
15 to the sprinkling height. Thus, a sprinkler head
capable of sprinkling water all over a:sprinkling'area
of any shape and size and well applicable to orchards,
green house farms or gardens with the so called

limitation to the sprinkling height has been so far

20 keenly required.

—— - -

The present invention seeks to provide a li.quid
sprinkler free from the above-mentioned problems of the
prior art.

25 The present invention alsc aims to

provide a liquid sprinkler capable of gently sprinkling



However, the actual change of the rotatabl e angul ar range has a
technical difficulty, because, for exanple, bal ance between the
rot at abl e angul ar range and the feed 10 rate of water nust be precisely
adj ust ed bef or ehand. Thus, when the water sprinkling area is a portion
of the area all over around the sprinkler |ocation, for exanpl e,
when the water sprinkling area i s not an~aPed all over around, the
sprinkler |locates on _qne side of _15 the sprinkler Iocationééfor exanpl e,
on the west sideldfguid supgsagsiaddive MnifHMidh )ALl OXffeFih SRt &7
sprinkling area_i,s on both sides of the sprinkler location (, that

is, all over aFBEABKLABIsAELRAKPE ANYcA&eTed RRAHAERESIZ®: far from the

orobl om of & fai i ure o H BEeH SRVSPEIH Elee JERRECE, T suen

ti f th : : : i i
portion o eprovigge% liquid sprinkler capable of sprinkling a

5 1ligquid substantially uniformly all over an inclined

sprinkling area, i.e. an inclined plain.
The present invéhtion also aims to

provide a liquid sprinkler capable of sprinkling smaller
liquid droplets substantially unifbrmly all over the

10 sprinkling area while suspending the liquid droplets in
the air for a long time, thereby sufficiently conducting
heat exchange between the ligquid droplets and the air,
that is, a liquid sprinkler utilizable as a device for
preventing frost damages.

1s According to the present in;ention, there is
provided a liquid sprinkler perpendicularly provided at
a desired position in a desired liquid sprinkling area,
which comprises;
(1) a rise pipe perpendicularly provided at the

20 desired position in the desired liquid sprinkling area,
(2) an upwardly protruded, substantially
hemispherical sprinkler head having a plurality of
neczzles capable of spr}nkling a liquid to the desired
sprinkling area, the sprinkler head being detachably

25 mounted on the top end of the rise pipe, and

(3) a liquid distributor pipe connected to the

rise pipe at the lower end.
This Sheet Has Been Replaced

A




Gﬁnerally, crops such as bean; pot at oes, veget abl es, corns, tea

I'eaves, cof f ggis bR s Bivh REdedy 25 | eaves, feed crops, etc., and fruit
trees such as nes, orange trees, etc. are susceptible to
frost %M‘}mm\a rnyrost in the autum or |ate frost in
the spring. Fr by contact.-o§ water

-5- vapor in the air with the soil surface or objects on the gr ound
and by successive subli nftdamrdifimtto § fimst aspectnafesharprphgstcal
climatic disasters due to | ow tenmperatures. Thus, the follow ng

measur es have bBesersuors fhe spkiorklemiheadthe araptlﬂbhﬁgeheaﬂor exanpl e,
in

capable of setting a ligquid sprinkling distance as
desired by selécting a nozzle diameter, an angle of

- 5 nozzle elevation, and a liquid pressure on the nozzles
in combination; the angle of nozzle elevation mav be
selected in a range of 20° to less than 90°; the nozzle
diameter - may be in a range of 0.1 mm to 2mm; and a
liquid pressure-changing means capable of changing the

10 liquid pressure on the nozzles toc a desired pressure may be
provided in the liquid distributor pipe or the rise
pipe. | '

Since the ligquid sprinkling distance can be

set as desired by sélecting a nozzle diameter, an angle

15 of nozzle elevation, and a ligquid pressure on the
nozzles in combination, the liquid sprinkling distance
can be changed, for example, according to the shape and
size of a sprinkling area, whereby a liquid can be
sprinkled substantially uniformly all over the

20 sprinkling area of any shape and size.

Particularly if the angle of nozzle elevation is
selected from a range of 20° to less than 90°, the
liquid ejected through the nozzles under the selected
liquid pressure never hits the soil surface of the

25 sprinkling area. Thus, there is no rebounding of the

sprinkled liquid éroplets and the liquid can be gently

sprinkled.



orchards, tea gardens, nulberry fields, etc: (1) a frost sheet belt of

trees nust be plam&@gmagﬁQBégﬁgﬂﬁkd must be housed with plastic sheets;
(3) air in the etc. nmust be heated or agitated by a
10 fan, etc.; (4) Emﬂﬁmm enerate or wat er droplets or an
anti - freeze agent ed to pr ent frost generation, etc.
Anong t hese neasures, sprinkling ter droplets,is egsy to carry
out because of Especiatky atfv%‘l‘il IW?lﬁ) R L I%%\;'?ﬁﬁﬁa érEB‘sla and a
| ow 15 capital investnent. Thus, rlnkleri have been trlfd as

device for pré&d&Fd *f ¢ tm%aﬂﬁg% ¥Rk hkidehf drop Fﬁﬁl&ﬁ?frost

generati on. e sprinkler head of t
conventional $BGIRRiEreR g$é0?°ﬁéf t“?%ﬁ%%YaFmﬁéch§ZQE & hit the

vane and rotate the, sprinkler
fiquld roplets on é&e surface of a sprinkling area are

5 made smaller. Thus, there is no rebounding of the
sprinkled liquid droplets from the soil surface and the
liguid can be gently sprinkled.

If a liquid pressure-changing means capable
of changing the liquid pressure to a desired pressure is
10 provided in the liquid distributor pipe or the rise
pipe, a degree of freedom in the combination of the
nozzle diameter and the angle of nozzle: elevation can
be increased when the liquid sprinkling distance is
changed, for example, according to the shape and size of
15 a sprinkling area, and thus the substantially unifofm
liquid sprinkling all over the sprinkling area of any
shape and size can be much ensured. |
According to a second aspect of the present
invention, the sprinkler head has nozzles formed along a
- 20 plurality of imaginary lines intersecting at the vertex
of the substantially hemispherical sprinkler head and
extending substantially radially on the surface of the
substantially hemispherical sprinkler head, and the
nozzles formed along the same imaginary lines have

25 increasing diameters with increasing distances of the

nczzles f£rom the vertex.

rh

I a plurality of nozzles are formed along

a2 plurality of imaginary lines intersecting at the



t he*i npact force_of e& cted yater, and thus the sprinkl ed wat er
droplets are so fe | et sizes that they cannot be
suspended in the}-';llxi]ﬁﬂ< mﬂml E&Iﬁong time and thus fall imediately, and no
sufficient 25 he be carried out between the water
droplets and the air. As already mentiopgd_before, the wat er
sprinkling aregeptekhafsphienkhestadzdaildva hemi sph@rdeaalll isprinkler head
(doughnut - shaped) area round the sprinkler as
- 6- a centgnd dhabndingwalibs taptiialllivig adialle o rohd siiface ¢fh a
broad area, and cannot be done in the area near the

the substantially hemispherical sprinkler head, the

liguid sprinkling distance can be set as desired by
5 nozzle positions on the surface of the substantially
hemispherical sprinkler head, and the liquid can be
sprinkled according to the shape and size of a
sprinkling area by changing a pattern of a plurality of
the imaginary lines on the surface of the substantially
10 hemispherical sprinkler head.

When- the nozzles formed along the same
imaginary lines have increasing diameters with
increasing distances of the nozzles from the vertex, the
liguid can be sprinkled substantially uniformly all over

15 the sprinkling area, whereby the liguid can be sprinkled
substantially uniformly all over a sp;inkling area of
any shape and size. Furthermore, since the present
liquid sprinklers can be efficiently provided, the
number of the liguid sprinklers can be reduced in a

20 given sprinkling arez than thét of the conventional
liquid sprinklers.

According to a third aspect of the present
invention, the sprinkler head has the nozzles formed
along first imaginary lines defined by the respective

25 sides of a polygon surrounding the vertex of the
substantially hemispherical sprinkler head, the first
imaginary lines defined by the respective sides of the

polygon being curved toward the vertex of the



sprinkler. Thus, th the dlstrlbutlon of sprinkled water is not uniformin
the entire sprlﬁkheﬂqaahe&wn ‘¢hhere is 5 a fluctuation in the frost
.. damage- preventi ng Gl m he sprinkler head ,of the conventional
sprinkler has a poor frost damage- preventlng effect.

Furt hernore, the cohventi onal sprlnkler rsl2 = provided with a filter for

preventing cl oggi ng, due to sands, rusts, dusts, etc. at the discharge
outlet of a summntmllpemmgswa:e;cab sneippierkheader 3 wiamadrin
di stributor pipe connected to the discharge outlet of t he

punp
However, the disdhbafevbev| ef bhet ABLRLARESALLY hempsPRgrdicadi sﬁtmmhlcﬁr
pi pe connected to the di scharge 15 outlet, at or in which the filter is

provi ded, is schead LEaml FhenvarsR¥t 8Ldenadng ALFPeRCERIESISPTIRY e AU d

passage cannot have a | arge nunber of neshes. Thus,
second imaginary lines drawn in parallel to the first

5 imaginary lines but positioned from the first imaginary
lines toward the vertex; the polygon may be a rhombus; and
the nozzles formed on the same imaginary lines have an
equal nozzle diamete:.

Parficularly if a plurality of nozzles are formed on the
10 surface of the substantially hemispherical sprinkler
head along first imaginary lines defined by the
respective sides of a polygon surrounding the vertex of
the substantially hemispherical sprinklar head, the
first imaginary lines defined by the respective sides of
15 the polygon being curved toward the vertex of the
substantially hemispherical sprinkler head, as viewed in
a plan view of the substantially hemispherical sprinkler
head from the vertex side, and also formed along second
imaginary lines drawn in parallel to the first imaginary

20 lines but positioned from the first imaginary toward the
vertex, the liquid sprinkling distance can be set as
desired by nozzle positions on the substantially
hemispherical sprinkler head, and the liquid can be
sprinkled according to the shape and size of a

25 sprinkling area, for example, by selecting a shape of
the polygon, that is, a pattern of imaginary lines on
the surface of the substantially hemispherical sprinkler

head. Thus, the liguid can be sprinkled substantially



there are probl ens of a Iarger ressure drop, a restricted flow rate,
and an early cPM@@hw 20 rusts, dusts, etc. When
Ihe conventlonal used in orchards, water droplets ejected
onto the vane fr zl e are spread tomard t he overhead of
sprinkl er head, an thus attachedigo-fruits, which are thus kept in a
25 constantly wet state. This |leads to very Ilable I nfection by the so
cal | ed pat ho§odife Ty SheoReR R oSPT ink1{Rg R Fedf O foR Uy éhappuapé

propagati on of pathogenic
bacteria, et&iZ€.0R9 it RAIFISSeRE Jigpidfprinklers can be

provided efficiently, the number of the liguid

sprinklers can be reduced in a given sprinkling area
5 than that of ;he conventional liquid sprinklers.
1£ ' the polygon is a rhombus, the liguid can
be sprinkled substantially uniformly all over é sprinkl-
ing area of, for example, a rectangular shape or a
square shape.

10 If the nozzles formed on the same imaginary
lines have an equal nozzle diameter, more‘uniform ligquid
sprinkling all over a sprinkling area of any shape or
size can be attained.

According to a fourth aspect of the present

15 invention, the sprinkler head has the,noizles formed in a
strip zone defined by two second imagin;ry lines sub-
stantially in parallel to a first imaginary straight
line passing through the vertex of the substantially
hemispherical sprinkler head, as viewed in a plan view

20 of the substantially-hemispherical sprinkler head from
the vertex side; at least one strip zone is provided on
each side of the first imaéinary straight line; and the
strip zone is provided in a range of angles of elevation
of 0° to 85° from the center of the substantially

25 hemispherical sprinklef head in a vertical cross-
sectional view of the sprinkler head, i.e. the cross-—

sectional view passing through the vertex and vertical

to the first imaginary straight line.



fruits. When the conventional sprinkler is used in green
house farns or gardens, the angle of nozzle 5 elevation nust be nade | ower
.S0 that the water droplets ej ected fromthe nozzle may not hit the
ceiling of the green house. That is, there is a limtation to the
sprinkling height. That is, inpacts of watgg . droplets ejected from such
nozzle on the soil surface 10 are so large, resulting in reboundi ng of

wat er droplets zspe@mimyfﬁflarsmeai%gfueff a%&tzllés/vaﬁ Eptmerk| { A0a
In other words, the conventional sprinkleér such a probl emthat

b d h Il ed
i tatron 1 ?Fé??héﬁéér. Weified by %‘-ﬁ% USAP AL 4 phelhe so calle
capabl e of spripnklingewahst, 3l A& BSAd %'fﬂgs@rﬁeaginary straight

‘line passing through the vertex of the substantially

s hemispherical sprinkler head, as viewed in a plan view
of the substantially hemispherical sprinkler head from
the vertex side, the ligquid sprinkling distance can be
set as desired by nozzle positions on the surface of the
substantially hemispherical sprinkler head, and the

10 liguid can be sprinkled according to the shape and size
of a2 sprinkling area, for example, by changing a pattern
of the strip zone.

?arficularly whén the nozzles are formed in the strip
zone, the liquid is never sprinkled onto an unwanted

15 area for the liquid sprinkling. Thus,.the volume of
sprinkling liquid can be reduced. That is, the volume
of wasted liquid can be reduced.

Eéﬁgéially dﬁén at least one strip zone is provided on
each side of the first imaginary straight line, the
" 20 liquid can be sprinkled from one sprinkler head onto two
sprinkling areas at the same time by perpendicularly
providing a liquid sprinkler between the two sprinkling
areas.
The strip zone is provided in a range of

25 angles of elevation of 0° to 835° from the center of the

substantially hemispherical sprinkler head in a vertical

cross-sectional view of the sprinkler head, i.e. the



of any shape and size and well applicable to orchard;” 'gfgen house

farms or gardens with the so called I|n1tatﬁhn$t@H@ﬁbe hahlln

hei ght has been so far 20 keenly required. esent

i nvention seeks to provide a liquid sprinkle

above-nenti oned probl ens of the -prsof art. esen
invention also ainms to frOVIde aliquid sgrlnkler capable of gently
sprinkling cross—-sectional view passing through the vertex and

vertical tc the f£irzst imaginary straight line.
Impact forces of sprinkled liguid droplets
onto the surface of a sprinkling area are weaker with
s increasing angles of nozzle eledtion. Thus, the liguid
can be gently sprinkled onto the sprinkling area without
rebounding of sprinkled liquid droplets from the soil |
surface. When the present ligquid sprinkler is used to
sprinkle water under fruit trees such as grap2 vine
10 trellises, a strip zone having low angles of elevation
is preferable, and a preferable range of angles aof
elevation for such a strip zone is 0° to 60°, where
impact forces of sprinkled liquid droplets onto the soil
surface of a sprinkling area can be made weaker by
15 selecting smaller nozzle diameters £for such a strip
zone.
According to a fifth aspect of the present
invention the sprinkler head has the nozzles formed in a
rectangular zone enclosed by two first imaginary
20 straight lines sgbstaﬁtially in parallel to each other
| and by two second imaginary straight lines intersecting
the first imaginary straight lines substantially at a
right angle and substantially in parallel to each other,
as viewed in a plan view of the substantially
25 hemispherical sprinkler head from the vertex of the
substantially hemispherical sprinkler head, the vertex
locating in the rectangular zone:; and the rectangular

zone is provided in a range of angle of elevations of



-8- " aliquid substantially uniformy all over the entire sprinkling area
of any desired shape and si ze. The present invention al so seeks to
provide a liquid sprinkler capable of sprinkling a |iquid substantially
uniformy all over an inclined sprinkling area, i.e. an inclined plain.
The present invention also ains to provi € 3 i quid sprinkler capabl e of
sprinkling smaller liquid droplets substantially uniformy all over the
sprinkling arda°whel kessispanli HY thre theureneeoprét shensupstantfadd v | ong
time, thereby sufficientl conductinﬁpheat.exchange_betmeen the liquid
dropl ets and hesispheri serinklegRepd pif nk| erbiFRLs8BRSESas a device
for preventing frost dammges._ According to the present invention
there is provsdetiona} guiew <PF i kG eFPF bRk1@EBead, at - 8- dESEr @ ¥dstak on in
a desired liquid sprinkling area, which sprinkler conprises: (1) an upright
rise pipe | océﬁ'aﬁ‘és%‘i‘-‘d"bgki?’e?{" RAITIR% FhRetherees; aed regri®adpriankl i ng
area, (2) an upwardl protrudeg, substantially hem gpherical sprinkler head
having a p$ur B¢ t320TE kB39 BR2 116 S e +9RYF | hyR8St i 3B d2E60t B avdsiacedin
sprinkling area, the _ e .
a range of angles of elevations of 30° to less than 90°
to the center of the substantially hemispherical
sprinkler head in a vertical cross-sectional view of the
sprinkler head, i.e. the vertical cross-sectional view
10 passing the vertex and vertical tc the second imaginary
straight lines.
Particu%arly if a plurality of nozzles are formed in a
rectangular zone enclosed by two f£irst imaginary
straight lines substantially in parallel to each other
15 and by two second imaginary straight lines intersecting
the first imaginary stréiqht lines substantially at a
right angle and substantially in parallel to each other,
as viewed in a plan view of the substantially
hemisgherical.sprinkler'head from the vertex of the
20 substantially hemispherical sprinkler head, the vertex
locating in the rectangular zone, the liguid can be
sprinkled upwards just f£rom the sprinkler head and thus
can be sprinkled substantially uniformly all over a
desired sprinkling area. Sprinkled liguid droplets can
25 be made smaller by selecting nozzle diameters, and the
liquid droplets can be suspended in the air for a long

time, thereby conducting sufficient heat exchange

between the liquid droplets and the air. That is, frost



spri*nkl er head bei ng detachably nounted on the upper end of the rise pipe,
and (3) a liquid distributor pipe connected to the | ower end of rise pipe
wherein the sprinkler head has nozzles forned along a plurality of

i maginary lines intersecting at the vertex of the substantially

hem spherical sprinkler head and extendi Ag substantially radially on the
surface of the substantially hem spherical sprinkler head, and the nozzles
formed al ongdémegeanmeanrdse nef fetthee liyapes everrtesd. ngIrdi@tMnrnomﬂsh

i ncreasi ng di stances of the nozzles fromthe vertex.

The sprlnklethbedeSEnxnﬁﬁﬁﬁlafspeuhkagradannheieﬁﬁnct&#ehg dtslaced as

desired by selecting a nozzle dianeter, an angle of nozzle elevation, and a
liquid pressggeaodesiccanogat epréneumﬁhignaftn'm ddmageagl e Dt&rtlbezinere,
el evation may be selected in a range of 20[err] to less than 90[err]; the
nozzl e di amegg¢hce the nozzles are formed in the rectangular zone,

5 the liguid will never be sprinkled downwards just from
the sprinkler head. Thus, the volume of the sprinkling
ligquid can be reduced. That is, the volume of wasted
liquid can be reduced. Since the sprinkler head has no
movable parts, there is ho fear of moving troubles,

1p failures, etc.

If the rectangular zone is provided in a
range of angle of elevations of 30° to less than 90° to
the center of the substantially hemispherical sprinkler
head in a vertical cross-sectional view of the sprinkler

15 head, i.e. the vertical cross-sectional view passing the
vertex and vertical to the first imaginary straight
lines, and also provided in a range of angles of
elevations of 30° to less than 90° to the center of the
substantially hemispherical sprinkler head in a vertical

20 cross-sectional view of the sprinkler head, i.e. the
vertical cross-sectional view passing the vertex and
vertical to the second imaginary straight lines, the
liguid can be sprinkled upwards from fhe sprinkler head
SO thoroughly that the sprinkled liquid droplets can be

25 sSuspended in the air for a much longer time, thereby
conducting more sufficient heat exchange between the

liguid droplets and the air.



may "be in a range of 0.1 mmto 2mm and a |liquid pressure-'

“changi ng neans

capabl e of changing the liquid pressure on the nozzl es This ShcetlBsiBe@Replaced

pressure nay be provided in the liquid distributor pipe
Since the liquid sprinkling distance can bigset as desir

nozzl e diameter, an angle of nozzle el evat and a |iqui
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the vertex of the substantially hemispherical sprinkler
head, the nozzles in one of the two divided zones Hhave a
denser nozzle distribution with increasing distance from
the vertex, while the nozzles in other divided.zone have
a sparser nozzle distribution with increasing distance
from the vertex, or the sprinkler head has nozzles
formed in a zone enclosed by two second imaginafy lines
intersecting a first imaginary straight line passing
through the vertex of the substantially hemispherical
sprinkler head substantially at a right angle and
substantially in parallel to each other;'the zone is
further divided into two subzones by the first imaginary
straight line; the respective divided subzones are
further divided each into two subsections by an
imaginary ellipse drawn by a segment of a line between
two intersections of the first imaginary straight line
and the two second imaginary straight lines as the line
of upsides; and the nozzles in the subsection outside
the imaginary ellipse in one of the subzones have a
larger total opening area than in the subsection inside
the imaginary ellipse, while the nozzles in the
subsection outside the imaginary ellipse in other
subzone have a smaller total opening area than in the

subsection inside the imaginary ellipse.
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Especially if the nozzle dianeter is selected froma range of 0.1 mmto 2
pm smaller liquid droplets are sprinkled from the nozzles, whereby

i npacts of the liquid droplets on the surface of a sprinkling area are
made-smal ler. Thus, there is no rebounding of the sprinkled |iquid droplets
fromthe soil surface and the |IgUId can b $agl sprin

d. . | f
liquid pressure-changi nélﬁﬁﬁné PipEBite B Ofh S 7§ E&?ﬁ“&%r%smoe tg a
d d d n.the | t t th [
i pe. a Sregfséizesf-ﬁ?figé%hﬁ.eﬁft foe %&%%dﬁl@ﬂ-@f”ﬁ?‘ﬁ F T anet or and
th | f | | Kl
i stance. s SREADEeTr BEAB L ARre R By B, G ﬁ’iﬁmgh%‘{%a iRt

passing through the vertex of the substantially

5 hemispherical sprinkler head, the nozzles in one of the
two divided zones have a denser nozzle distribution with
increasing distance from the vertex, while the nozzles
in other divided zone have a sparser nozzle distribution
with increasing disﬁance from the vertex, the sprinkler

10 head must be mounted on the rise pipe, in the case of an
inclined sprinkling area, that is, in the case the
liquid is to be sprinkled ontc an inclined plain, so
‘that the divided zone having a denser nozzle distri-
bution with increasing distance from the vertex can be

15 faced toward the downward side of the inclined plaiq,
whereby the volume of liguid sptinkled onto the down;ard
side of the inclined plain can be made larger than that
of liquid sprinkled onto the upward side of the inclined
plain. By virtue of this nozzle distribution, the

20 liquid sprinkling distance can be set as desired by
nozzle positions on the substantially hemispherical
sprinkler head, and thus the liquid can be sprinkled
substantially uniformly all over the desired inclined
sprinkling area.

25 Since the sprinkled liquid droplets can be
made smaller by selecting nozzle diameters, impact
forces of the sprinkled liquid on the soil surface can

be made smaller. Thus, the liquid droplets never



uid s rinklinP al |
15 (o o)

eplaced

TR

spritnkling area, and thus the substantially uniformli
over the sprinkling area of any shape and size can be
f a plurality of nozzles are fornmed along a plu arty o

nes

intersecting at the vertex_of the substa
hem spheri cal sprinkler head and extendTnﬁosUbstantially radially on the
surface of the substantially hem spherical sprinkler  head, the liquid

sprinkling divsigncousay bétssheasddsiSURfane rven Lpokhei BRYAGH £ide
surface of the substantially hem spherical sprinkler head, and the liquid
can be sprinkbEdthecdngiligeto pldd ishaRhathdl %i Zehef13d8hEi AR RE area by
changing a pattern of a plurality of the ) ) L.
gently sprinkled without rebounding of sprinkled liquid

droplets from the soil surface, etc., and, for example,
5 the sown seeds never flow away from the soil or neither
leaves nor stems are damaged, or the roots are never
exposed from the soil. That is, there is no fear of
plant growth inhibition. Thus, the present liquid
sprinkler is suitable for sprinkling a liquid to an
10 inclined plain.
Since a plurality of nozzles are formed in a
zone enclosed by two second imaginary lines intersecting
a first imaginary straight line passing through the
- vertex of the substantially hemispherical sprinkler head
15 substantially at a right angle and substantially in
parallel to each other; the zone is further divided into
two subzones by the first imaginary straight line; the
respective divided subzones are further divided each
into two subsections by an imaginary ellipse drawn by a
20 segment of a line between two intersections of the first
imaginary straight line and the two second imaginary
straight lines as the line of upsides; and the nozzles
in the subsection outside the imaginary ellipse in one
of the subzones have a larger total opening area than in
25 the subsection inside the imaginary ellipse, while the
nozzles in the subsection outside the imaginary ellipse
in other subzone have a smaller total opening area than

in the subsection inside the imaginary ellipse, the



imaginary linegs on the surface of the substant'ajg erg spheri cal
spri nkl er head. When the nozzles formed al ong t HE aEiRas ¥ e§

¥ nes have increasing dianeters with increasing dista H |"H zl es
fromthe vertex, the liquid can be sprinkled substanti [ al
over the sprinkling area, whereby the bhquid can be sprinkled

substant | al [ ppohkoLH Hedld nie r.bgeui%gfdmca 'Kh 62 r e PYpENAPE aAdesi ze.

Furt her nore, “STnce present |i sprinklers can be efficiently

provi ded, tngf”HHbQBCQEn%@?%Pﬂ%ﬂ%iidﬂ“ﬂﬂ&ﬂf”éhé%”ﬁ@? igduyeedch e argkven
sprinkling area than that of the conventional |iquid sprinklers.

Accor di ng tok?gﬁ‘i ond aPed Hrihedd vl AMVeRklDied pleig, i soprovided a
;

liquid sprin or locating at a desired position ina desired liquid

sprinkling aggat WReCRubRdkvalth GRIEY 1L i€ )a ala tét 0bL a1 Se pi pe
| ocatabl e at a desired position in the desired liquid sprinkling area, (2)

an upvard y opealihgdedeasulisiany ialisediiosphetside o i Magindead having a
plurality of nhozzles for delivering a liquid to the desired sprinkling
area, the speinkper heah hal rngheleutededd yomoimé ode othe t lreagppatyend of the
rise pipe, and (3) a liquid distributor pipe connected to the |ower end of
ri se pi pe whelédipsehearsjve rfidead heawhtdisthéedoawded $bdeedfatheg first

i magi nary |ines defined by the respective sides of a polygon surrounding
the vertex ofintAénedbgtlaitn alwhetahy sphervehimepef nkiguidesdyinkhedfirst

i magi nary lines defined by the respective sides of the polygon being
curved t owar gntie thebsannvand s idenehHdre chircl iped nkl@inhead, basmadewed in
a plan view of the substantiall henj spherical sprinkler head fromthe
vert ex sl@e,léﬁﬁeél§@aquﬁﬁﬁ¥ﬁP$Qﬁ¥ﬁ%F%J%R@l%%%%@d°$ﬁ%gthar9PWﬁﬁés drawn in

parallel to the first iqaginarg'lines, but positioned fromthe first
side of the inclined plain. By virtue of this nozzle

distribution, the liquid sprinkling distance can be set
as desired by nozzle positions on the substantially
hemispherical sprinkler head, and thus more sub-

15 stantially uniform liquid sprinkling all over the
desired inclined sprinkling area can be attained.

According to a seventh aspect of the present

invention, the sprinkler head has the nozzles formed
along concentrical lines from the vertex of the

20 substantially hemispherical sprinkler head as a center,
and the nozzles formed along the concentrical lines have
increasing diameters with increasing distance from a
plurality of imaginary lines substantially radially
extending on the surface of the substantially

25 hemispherical sprinkler head from the vertex; £he
imaginary lines are four lines each intersecting their
adjacent lines at a right angle; and the nozzles formed

along the concentrical lines on the surface of the



imagi nary lines toward the vertex.

-12- Particularly if a plurality of nozzles are fornmed on the
surface of the substantially hem spherical sprinkler head along first

i magi nary |ines defined by the respectLvgssides of a polygon surroundi ng
the vertex of the substantially hem spherical sprinkler head, the

curved {owar FUPRETHARY Al A T REE D e B e e rer
head, as increasing total nozzle opening area with increasing
distance of the concentrical lines from the vertex.
That is, the nozzles are formed along

s concentrical lines from the vertex of the substantially
hemispherical sprinkler head as a center, and have
increasing diameters with increasing distance from a
plurality of imaginary lines substantially radially
extending on the surface of the substantially

10 hemispherical sprinkler head from the vertex. 1In other
words, diameters of the nozzles along each of -
concentrical lines are not equal to one another, that
is, the smallest at the position nearest to the
imaginary lines and the largest at the farthest position

15 from the imaginary lines. Since the nezzles have
different diameters, depending on their distances from
the imaginary lines, the sprinkling distance of liquid
droplets ejected from the nozzles differs from one
nozzle to another. Thus, the sprinkling area, which has

20 been in a doughnut shape by the conventional liquid
sprinkler, can be changed into a desired shape. That
is, a liquid can be sprinkled onto a sprinkling area of
any desired shape by adjusting diameters of nozzles
formed along the concentrical lines. The liquid can be

25 sprinkled substantially all over a sprinkling area of
any desired shape and size. 1In other words, the present
liquid sprinkler must be perpendicularly provided

according to the shape of a sprinkling area, because the



fromthe vertex side, and also fornmed along second i acgd awn
inmn parallel to the first inmaginary |ines but position rst

i magi nary toward the vertex, the liquid gprinkling di set as
desired by nozzle positions on the substantially hem spherical sprinkler
head, and thpreis@wtd 1Ga7uike shridkled easosdibgkle &hkighagetand size of a
sprinkling area, for exanple, by selecting a shape of the polygon, that

i s, a patternselinmdinprardd nes amy tdleaper f aBerbhermbeesubsnant ithld y

hem spherical sprinkler head. Thus, the liquid can be sprinkled
substantial | ypresent liquid sprinkler can be efficiently provided,

viewed in a plan view of the substantially henispherh%%%mzﬁﬁrgﬁiler head

number of the liquid sprinklers to be provided on the

s entire sprinkling area can be made smaller than that of
the conventional liquid sprinklers.

Furthermore, the imaginary lines are four
lines each intersecting their adjacent lines at a right
angle. When nozzles having an equal diameter are formed

10 along the 4 imaginary lines, and diaﬁeters of the
nozzles to be formed along the concentrical lines 5ave
an equal ratio of increasing according to distances frcm'
the imaginary lines, a liquid can be sprinkled uniformly
onto a sprinkling area of square shape.

15 ' Since the nozzles formed alo?g the concent-
rical lines on the surface of the subsﬁantially
hemispherical sprinkler head have an increasing total
nozzle opening area with increasing distance of the
concentrical lines from the vertex, sprinkled liquid

20 volume per unit area can be made uniform between a
region locating at a shorter sprinkling distance, i.e. a
region near the liquid sprinkler, and a region locating
at a longer sprinkling distance, i.e. a region far from
the liquid sprinkler, and thus substantially uniform

25 liquid sprinkling can be carried out all over the

sprinkling area.

According to an eighth aspect of the present

invention, the sprinkler head is provided with a



- 18 - uniformy all over a sprinkling area of any shape and size, and
since the present liquid sprinklers can be provided efficiently,. the
nunber of the liquid sprinklers can be reduced in a given sprinkling area
than that of the conventional |iquid sprinklers. If the polygon is a
rhonmbus, the liquid can be sprinkled supsignlially uniformy all over a
sprinkling area of, for exanple, a rectanqgul ar shape or a square shape.

i amet er - mor SPER RO RO A GiHs BTt ho b iS5 28, SRREhATEEE
Shape o1, % 260fo0 REcUishugn ocned SRIALY 0.2 LiLLY gagteball e
zone det 1 ned DYl RSSO JJ0ES SPNANASLLILR: DAL 9 10 @
Subst ant | al |y PRENASSREAiER SHATaE s Moy SesfelsChREmtaR" O0ei ™
one strip fon%hgss%&qgﬁ¥¥$éulﬁﬁﬁglfﬂﬁ§3ﬁgmber and the sprinkler head.
Since the sprinkling liquid can pass only
through nozzles not inhibited by the sprinkling-
inhibited member and sprinkled, the ligquid can be
sprinkled only through the desired nozzles by selecting
10 sprinkling-unwanted nozzles by the sprinkling-inhibiting
member, whereby the liquid can be sprinkled efficiently
only onto a desired sprinkling zone of the area around
the liquid sprinkler, that is, not onto the entire area
around the liquid'sprinkler, for example, only onto a
15 sprinkling area on one side of the liéuid sprinkler, or
only onto an area around the liquid sprinkler, but far
from or near it.
Since the sprinkler head is closely fitted to
the sprinkling—-inhibiting member by a sealihg member,
20 there are no clearances between the sprinkler head and
the sprinkling-inhibiting member, and thus when the
liquid sprinkling is inhibited by the sprinkling-
inhibiting member, the liquid can be prevented from
retaining in clearances between the sprinkler head and
25 the sprinkling-inhibiting member or from leakage to the
outside through clearances between the sprinkler head

and the sprinkling-inhibiting member. Thus, more



the Tirst imaginary straight line; and the strip zone s

range of angles of elevation of O[err] to 85[err] from Mieq}éﬁldﬁgnﬂeﬁgﬁe

substantially hem spherical sprinkler head in a vertlca

view of the sprinkler head, i.e. the crossg sectional vi ugh
the vertex and vertical to the first imaginary straight |ine. _
- 14 {é@f iéﬁéméuﬁdplsamhmngf cABZ BleCa +3h8 nkar ARAN 1 2 strip
zone defined wo second I maglinary |1 nes substantially in parallel to

a first |naglgﬁgy1§§r@bgghe of Liggigassing through the vertex of the
substantially 5 hem spherical sprinkler head, as viewed in a plan view

of the substantially hegtepb@ingakosar hilklar ahp&dtf bEMthe prielsentert ex
side, the liquid sprinkling distance can be
invention, the sprinkler head has a filter between the
s sprinkler head and a fixing jig, and the filter has a
smaller mesh size than the nozzle diameter and a larger
trap area than the lateral cross-sectional area of the
rise pipe.

Since the filter has a larger trap area than

10 the lateral cross-sectional area of the rise pipe, the
filtration area of the filter can be made larger. That
is, the filter can have a larger number of meshes and
thus can have a smaller pressure drop and no limitation
to the feed rate of sprinkling liquid. Thus, clogging

15 by sand, rusts, dust, etc. can be prevented for a long
time. . ‘

Since the liquid can be distributed throughout
the sprinkler head from the rise pipe connected to the
fixing jig, the liquid pressure can be uniformly applied

20 to the entire sprinkler head, and thus the ligquid can be
sprinkled uniformly onto the sprinkling area.

According to a tenth aspect of the present
invention the sprinkler head has nozzles formed at
angles of nozzle elevation of not more than 27° to the

25 center of the substantially hemispherical sprinkler head
and along a plurality of imaginary lines substantially
radially extending on the surface of the substantially

hemispherical sprinkler head from the vertex thereof,



set-as desired by nozzle positions on the surface of the substantial ly

hem spherical sprinkler head, and the 10 |Iiquid can be sprinkled
according to the shape and size of a sprinkling area, for exanple, by
changing a pattern of the strip zone. Particul arly when the
nozzles are formed in the strip zonregéthe liquid is never sprinkled

onto an unwanted 15 area for the liquid sprinkling. Thus, the volune of
sprinkling |i @aHd didmdeeredvfethe Thazzles abengotheesame imagimstrgd |iquid

can be reduced. Especially when at | east one strip zone is provided
on each giidedidédeeiss siitmaphoneyssngadgtahcaef rometh’0 vieirdeixd can
be sprinkled fromone sprinkler head onto two sprinkling areas at the

sanme tinme by paidetdit£ll avzyle opepingidreg afl thei dosplieskher thet wame t he
two sprinkling
angle of nozzle elevation decreases with decreasing
5 angle of nozzle elevation.

A plurality of nozzles are formed on a
sprinkler head at angles of nozzle elevation of not more
than 27° to the center of the substantially hemi-
spherical sprinkler head and along a plurality of

10 imaginary lines substantially radially extending on the
surface of the substantially hemispherical sprinkler
head from the vertex thereof. Generally, the sprinkling
distance of a2 liquid sprinkled from nozzles is the
longest at an angle of nozzle elevation of 27° and

15 decreases with increasing or decreasing angles of
nozzles elevation. Thus, the sprinkling distance of
liquid droplets can be set as desired by selecting
nozzle positions within a range of angles of nozzle
elevation of not more than 27°, and the liquid droplets

20 can be sprinkled onto a sprinkling area of any shape and
size by selecting a pattern for the imaginary lines on
the surface of the hemispherical part. Since no nozzles
are formed at angles of nozzle elevation of more than
27°, liquid droplets are never sprinkled toward the

25 overhead of the sprinkler head. Furthermore, diameters
of the nozzles along the same imaginary lines are made
to decrease with increasing distance from the vertex,

and thus the liquid can be sprinkled substantially



ar eds. The strip zone is provided in a range of 25 angles

of elevation of O[err] to 85 err] fromthe center of the substantially
hem spherical sprinkler head in a vertical cross-sectional view of the
sprinkler head, i.e. the - 15 -

cross-sectional view passing through t he agrfex and vertical to the first
i magi nary Strai gt J1f-211 over a sprinkling area. That is, the

present sprinkler head can be well applied to orchards
or green house farms or gardens with the so called
limitation to the sprinkling height. For example, when

5 the present sprinkler head is used for water sprinklers
for orchards, water droplets are never sprinkled toward
the overhead of the sprinkler head, and thus are never
attached to overhead fruits, which can be kept in a
constantly dry state. This leads to very less inféction

10 by the so called pathogenic organisms and to maintenance
of good quality and high yield of fruits. When the
present sprinkler head is used for sprinklers for green
house farms or gardens, water droplets are never
sprinkled toward the overhead of the sprinkler head

15 without hitting the ceilings of housing. That is, water
sprinkling can Be conducted without an& consideration of
the so called limitation to the sprinklihg height.

Furthermore, total nozzle opening area of the

nozzles at the same angle of hdzzle elevation is made to

20 decrease with decreasing angle of nozzle elevation.
Thus, the sprinkled liquid volume per unit area can be
made equal between a region of relatively short
sprinkling distance, i.e. a region near the liquid
sprinkler, and a region of relatively long sprinkling

25 distance,-i.e. a region far from the liquid sprinkler.

That is, more uniform liquid sprinkling can be conducted

all over a sprinkling area.



| npact forces of sprinkled liquid droplets onto the surf
Sprinkling area are weaker with increasing angles of noz
Thus, the liquid can be gently Sprinkled onto the sprin
reboundi ng of Sprinkled liquid droplets fromthe soil s
present liquid sprinkler is used to sprinkle water unde
as grams vine trellises, a strep zone-haB my | ow angl es
preferable, and a preferable range of angles of elevatio
zone is O[ er rBRIBFGDESEREPTRRYr OF FHEC ORAFIANSS of sprink
droplets onto the soil surface of a sprinkling area can
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to a fourth aspect of the present invention the  sprinkl

er, head has the

nozzl es fornegregeatr ddguaduisar ingder arovided mit fSRTHNE Iy head.

straight lines substantially in

Figs. 2 and 3 are a plan view and an elevation

5 wview, respectively, of a sprinkler head according to one

embodiment based on a second aspect of the

invention.

present

Fig. 4 shows a sprinkled water intensity

distribution as a result of a water sprinkling test

10 conducted by a liquid sprinkler with a sprinkler head

according to an embodiment based on a first aspect of

the present invention.

Figs. 5, 6, 7 and 8 show sprinkled water

intensity distributions as parts of the result of the

15 water sprinkling test conducted in the same manner as in

Fig. 4.

Figs. 9, and 10, 11 and 12 are a

schematically

plan view of a sprinkling area subjected to the water

sprinkling test as shown in Figs. 4 to 8, and detailed

20 plan views thereof, respectively.

Fig. 13 shows a sprinkled water intensity

distribution as part of the results of the

water

sprinkling test conducted in the same manner as shown in

Fig. 4.

25 Fig. 14 shows profiles of sprinkled water

distribution in relation to the distance from the rise

pipe.



pardllel to each other and by two second i nmagi nary straiﬁh | i nes

1t

intersecting the first inmaginary straight Ilines su e laced
r«i ght angle and Substantially in parallel to each other, ﬂla
pl an view of the substantially hem spherical sprinkler he
vertex O she substantially henms sphgyical sprinkle; head, she vertex
locating in the rectangular zone; and the rectangular zone is provided in
a range of angle of el eRagsontSoand 16 are a plan view and an - 16

- 30[errL to less than 90[err] to _the center of the substantially
heni spheri calekpya hkpar vhewd rasReféiviedal, ©fodssprinkler head

according to an embodiment based on a third aspect of
the present invention.

5 Figs. 17 and 18 are a plan view and an
elevation view, respectively, showing a modification of
the sprinkler head shown in Figs. 15 and 16.

Fig. 19 shows profiles of sprinkled water
distribution in relation to the distance from the rise

10 pipe.

Figs. 20 and 21 are a plan view and an
elevation view of a sprinkler head according to one
embodiment based on a fourth aspect of the present
invention.

15 Fig. 22 is a vertical cross-sectional view of
the essential part of the sprinkler head shown in Fig.
20, and shows a'ﬁbsition of the strip zone on the
sprinkler héad.

Fig. 23 shows profiles of sprinkled water

20 distribution in the sprinkling area of the sprinkler
head shown in Figs. 20 and 21 in relation to the
distance froﬁ the rise pipe.

Fig. 24 and 25 are a plan view and an
elevation view, respectively, of a sprinkler head

25 according to one embodiment based on a f£ifth aspect of
the present invention.

Figs. 26 and 27 are a plan view and an

elevation view, respectively, of one modification of the



sectional view of the sprinkler head, i.e. the vertical
cross-sectional view passing the vertex and vertical to ThisShe ITﬁ?tfestt}ansplaced

i fagi nary straight lines, and al so provided in a ranHﬂlm!lm”r

el evations of 30[err] to |l ess than 90[err to the ce

substantially hem spheri cal spri nkl P fiead in a vertical
cross-sectional VIeM/Of t he sprinkler head, i.e. the vertical
cross- sect i on&PAA&Y %ﬁfﬁﬁﬁﬂﬁ#ﬁft?ﬁ$9%¥¥e9naﬁﬁﬁv%?¥+%%}e¥oh?ﬁé sbewRd

I magi nar str.aight, ]in Particularly if a plurality of
nozgles gre f&ﬂn§1941 L r®tangul ar zone encl osed by two first

| magi nary straight J.ines st aII arallel to each other 15
and by two second i magi Pt Stigiiﬂéuﬁé |Yﬁ¥§) QEFss‘seFﬁéoﬂﬁlst
I magi nary stra| ht '2? subst ant i

ngl e and
substantially Y et??%ﬁﬂﬁ\%irééft of the ? nkfe? feld snown
5 in Figs. 24 and 25 and show the position of the

rec@angular zone on the sprinkler head.

Fig. 30 shows profiles of sprinkled water
distribution in relation to the distance from the rise
pPipe.

10 Figs. 31 and 32 are a plan view and an
elevation view, respectively, of a sprinkler he&d
according to one embodiment based on a sixth aspect_of
the present invention.

Figs. 33A and 33B are a schematic elevation

15 view showing thg mode of sprinkling water onto an
inclined plain by a liquid sprinkler provided with the
éprinkler head shown in Figs. 31 and 32, and profiles of
the sprinkled water distribution in relation to the
distance from the rise pipe, respectively.

20 Fig. 34 shows profiles of sprinkled water
distribution in'relation to the distance from the rise
pipe.

Figs. 35 and 36 are a plan view and an
elevation view, respectively, of a sprinkler head

25 according to one embodiment based on a seventh aspect of
the present invention.

Figs. 37A and 37B are a plan view showing the

entire surface of a sprinkling area to be sprinkled with



as Vviewed in a plan view of the substantially heﬁlsﬁb@ﬁamknl&pmeakl er

head fromthe vertex of the 20 substantlally hem sphe head,
the vertex | ocating in the rectangul ar zone, the
sprinkl ed upwards just fromthe sprinkler3head and thus

sprinkled substantially uniformy all over a desired sprlnkllng ar ea.
Sprinkl ed |iquadedr &y ehe Gprinkidre mek strodd em Bigeel 3 iand nd&zl e

di aneters, and the liquid droplets can be suspended in the air for a
| ong t i mandt hedetna idedd pdiamy iaw fdtiemnardaumtcipame the bet ween
the liquid droplets and the air. That is, frost

- 17 - sprinkling area shown in Fig. 37A, respectively.

Figs. 38 and 39 are a plan view and an
5 elevation view, respectively, of a sprinkler head
according to another embodiment based on the sevenéh
aspect of the present invention.

Fig. 40 is a plan view showing a sprinkling
area to be sprinkled with water by the sprinkler head

10 shown in'Figs. 38 and 39.

Figs. 41 and 42 are a plan view and an
elevation view, respectively, of a sprinkler head
according to one embodiment based on an eighth aspect of
the present invention.

15 Figs. 43A and 43B are a perspective view and a
plan view, respectively, of the structure of a head
cover for the sprinkler head shown in Figs. 41 and 42,

Fig. 44 shows alsprinkled area covered by the
sprinkler head with the head cover shown in Figs. 43A

20 and 43B.

Fig. 45 is a vertical cross-sectional view-
showing another structure of the head cover.
Figs. 46A and 46B are a perspective view and a

plan view, respectively, of other structure of the head

25 cover.

Fig. 47 shows a sprinkled area covered by the
sprinkler head with the head cover shown in Figs. 46A

and 46B.



damege can be effectively prevented. In other words, t he present

| iquid sprinkler can be effectively utilized as a device for preventing
f'rost danmage:. Furthernore, since the nozzles are forned in the
rectangular zone, 5 the liquid will never. be sprinkled downwards just
from t he sprinkler head. Thus, t he vélfuite of the sprinkling

l'iquid can be reduced. That is, the volunme of wasted |'iquid can _be
reduced. Since the sprirki®s #Balishaspastial veptigrd FaPES-SeFEAenad no
fear of noving troubles, 10 failures, etc. I f the
rectangul ar zoniev sshewingeanekhgr connpghjenomodrgbetyres &gt he@ad of 30
to less than 90[err] to the center of the substantially hem spheri cal
spri nkl er coreer apdather PEankipssBeddetional view of the sprinkler 15

head, i.e. the vertical cross-sectional view passing_the vertex and
vertical to the first inBt@#nafy $%rajBAFtial vertical cross-sectional

5 ‘view showing other connection mode between the head
cover and the sprinkler head.

Fig. 50 is a vertical cross-sectional view
showing further connection mode between the head cover
and the sprinkler head.

10 Figs. 51A and 51B are a vertical cross-
sectional view showing further connection mode between
the head cover and the sprinkler head, and a perspective
view of the head cover shown in Fig. 51A, respectively.

Figs. S52A, 52B, 52C and 52D are a vertical

15 cross-sectional view showing still further connection
mode between the head cover and the sprinkler head,
vertical and horizontal cross-sectional views of the
sprinkler head shown in Fig. 52A, and a horizontal
cross—-sectional view of the head cover shown in Fig.

20 52A, respectively.

Figs. 53A, S53B and 53C are a perspective view
showing still further structure of the head cover and
partial horizontal cross-sectional views showing still
further connection modes between the head cover and the

25 sSprinkler head, respectively.

| Figs. 54A and 54B are a perspective view
showing still further structure of the head cover and a

partial horizontal cross-sectional view showing still



| inés, and also provided in a range of angles of H?F vatlons of 30 err]

to less than 90[err] to the center of the subst a ca
sprinkler head in a vertical 20 cross-sectional viem/ ﬂi

head, i.e. the verti cal cross-sectiogs V|em1pass and
vertical to the second imginary straight™Tines, the liquid can be

pri nkl od 1] qard desparbeskas sole Hifisen 7 Hd 2. Aoy 208 ChR®, ger
f:gﬁ.dtQEBSFgﬁg &ﬁ&ﬁg 6%544¥;gn£peé%g44f9pnt heat exchange between the

Fig. 55 is a vertical cross-sectional view
showing a positional relationship among the head cover,

s the packing and the sprinkler head.

Figs. 56A and 56B are a perspective view and a
plan view, respectively, of still further structure of
the head cover.

Fig. 57 shows a sprinkling area covered by the

10 sprinkler head with the head cover shown in Figs. SéA
and 56B.

Figs. 58A and 58B are a perspective view and a
plan view, respectively, of still further structure of
the head cover.

15 Fig. 59 shows a sprinkling area covered by the
sprinkler head with the head cover sho;n in Figs. 58A.
and 58B.

Fig. 60 is a vertical cross-sectional view
showing the sprinkler head according to one embodiment

20 based on a ninth aspect of the present invention.

Figs. 61 and 62 are a vertical cross-sectional
view showing the essential part of the sprinkler head
according to another embodiment of the present
invention, and a perspective view showing a shape of the

2s filter to be provided at the sprinkler head.

Fig. 63 is a perspective view showing another

shape of the filter according to the present invention.



- 18 - ' According to a fifth aspect of the present invention, the
‘sprinkler head has nozzles in two divided zones of thepngidsd addegl Replaced

hem spherical sprinkler head, divided by an inmaginary s I ssi ng
t hrough the vertex of the substantially hem spheri cal S%ﬂmE“B\L“}HHmF he
nozzles in one of the two divided zones have a denser n I on
with increasing distance fromthe vertex,~whéle the nozzles in other

di vi ded zone have a sparser nozzle distribution with increasing distance be
fromthe vertex, or the spiignklédr ilSead viexrs: inads |arossorsemt ional zohew

encl osed by two second inmaginary lines intersecting a first inaginary

strai ght |ine psbowiqa & aagi timatian ©f dthe epsiticstemtheady heni spherica
sprinkler head substantially at a right angle and is substantially in

paral l el to each other; tHFdagsondé5 andubtha@redia/ipdan iviay taas |Abzones by
the first imaginary straight line, the respective divided subzones are
further divi deded@MREiRM WY < ARFRAGOHe LY, Af iadpHakier IRe3@ drawn by
a segnent of a line between two intersections of_the first inaginary
straight 1in8 aRFarditb QR IR IMARE RF/Y AR 13 R aFReFt nef of

upsi des; and the _nozzles in the subsection outside the imaginary ellipse in
one of the subz BIRReLE 1LV 4WBal opening area than in the subsection

S S pee Ly Py W P el 8 0 WS IS ng
a liquid sprinkler with the sprinkler head shown in
Figs. 65 énd 66 perpendicularly provided under grape

10 wvine trellises.
Fig. 68 is a plan view of a sprinkling area
sprinkled with the sprinkler head shown in Figs. 65 and
66.
Fig. 69 is a profile of sprigkled water
15 distribution in the sprinkling area of the sprinkler
head shown in Figs. 65 and 66 in relation to the
distance from the rise pipe.
Fig.- 70 is a profile showing a relationship
between the angle of nozzle elevation of the sprinkler
20 head shown in Figs. 65 and 66 and the maximum height of
sprinkled water droplets.
Fig. 71 is a schematic elevation view showing
a liquid sprinkler with the conventional sprinkler head
perpendicularly provided under grape vine trellises.
25 Fig. 72 is a schematic view showing applica-
tion of the present liquid sprinklers in a sprinkling

area.



have a snmaller total opening area than in the subsection inside the

I mginary ellipse. - 19 -

_Since a plurality of nozzles are forned in two di vi ded zones of the
substantially hem spheri cal sprinkl er~ hgad, divided by an inaginary
straight line passi ng through the vertex of the substantially 5

hem spherical sprinkler hg s.t9§ BRAZHESairR anepefinkhed regildt alidiated
zones have a denser nozzle distribution with i ncreasi ng di stance from

the vertex, whi &Gekfﬂﬁpﬁeazkgﬁpkledi Reqlibey obtdidrd znedw\end sparser
nozzl e distribution wi th increasing distance fromthe vertex, the

sprinkler 10 BegdaTyusy bE EBHVentionalheprisklenss, despew: esky of an

PREFERRED EMBODIMENTS OF THE INVENTION

5 The present invention will be described in
detail below, referring to embodiments and drawings. 1In
the following description, embodiments will be des-
cribed, refé;ring to water as a sprinkling liquid, that
is, to a water sprinkler as a liquid sprinkler.

10 A water sprinkler as a liquid sprinkler, shown
in the following embodiments, comprises a rise pipe 11l
to which water is fed from a water distributor pipe 10.
The rise pipe 11 is perpendicularly provided at a
desired location in a desired soil surface for water

15 sprinkling, that-is, a sprinkling area. A sprinkler
head 1 is detachably mounted on the top end of the rise
pipe 1l through a fixing jig 12. The £fixing jig 12 has
a screw part, that is, a female screw part (not shown in
the drawing) corresponding to screw part lb, that is, a

20 male screw part, as shown in Fig. 3, of the sprinkler
head 1.

As shown in Figs. 2 and 3, the sprinkler head

1 comprises a upwardly protruded, substantially
hemispherical part la, a screw part (malé screw part) 1lb

25 to be fixed to the fixing jig 12, and a connection parf
lc for connecting the substantially hemispherical part

la to the screw part lb. The term "substantially



incl'ined sprinkling area, that is, in the case the I|qU|d is to be
sprinkled onto an inclined plain, so that the dIVIde&EﬂﬂhshﬁﬂR

denser nozzle distri- bution with increasing dlstan tex
can be 15 faced toward the downward side of the inclin
whereby the volunme of |iquid sprinkled en3® +he downward

I nclined plain can be made | arger than that of liquid sprlnkled onto
the upward si dem@kphee iicaal Metein usddimearly shat ushefvehtscabzzle

distribution, the 20 liquid sprinkling distance can be set as desired by
nozzl e p05|t|Q@@sgngéttnﬁﬂxﬂéﬂﬁapﬂqufﬁhasgﬁmﬂlhal(on thepcro&ser head,
and thus the liquid can be sprinkled substantially uniformy all over
the desired i geldtiethal plaayw ivedtiwplartea. th@draving surf&cecent Rig.
sprinkled liquid droplets can be
2) is an approximately semicircular sector shape or an
5 approximately semielliptical sector shape.

The connection part lc is in such a shape that
the sprinkler head 1 can be easily engaged with or
disengaged from the fixing jig 12, for example, in an
octagonal shape, as viewed from the overhead of the

10 sprinkler head, as shown in Fig. 2. A plurality of
nozzles 2 capable of sprinkling water onto a soil
surface, etc. are provided on the substantially
hemispherical part la. Number of nozzles 2 is not
particularly limited, and the size of the sprinkler head

15 is also not particularly limited. -

Embodiments according to the first aspect of
the present invention will be described below:

As shown in Fig. 2, a plurality of nozzles 2
capable of sprinkling water are formed on the sprinkler

20 head 1 provided at the top end of the rise pipe 11
through the fixing jig 12, and the sprinkling distance
of sprinkled water droplets can be set as desired by
selecting a nozzle diameter, an angle of nozzle eleva-
tion and a water pressure on the nozzles in combinatiéﬁ.

25 The rise pipe 1l can be perpendicularly set to a desired
location on a soil surface, etc. (sprinkling area), but

it is preferable to set it at the center or corner in

the sprinkling area so as to easily select a nozzle



made smal |l er by selecting nozzle dianeters, inpact forces of the

sprinkled liquid on the soil surface can be made smaller. Thus, the
|iquid dropl ets never _ - 20 -
vigorously hit the soil surface even on thgjupward side of the inclined
plain. That is, the liquid can be gently sprinkled w thout rebounding

of sprinkled |idihfleter, dinphfgsef 66Mbbeleocelesut{onecandt & vagad, for
exanple, 5 the sown seeds never flow away fromthe soil or neither
pressure on the nozzles in combination.
The nozzle diameter is not particularly
limited, but a nozzle diameter of 0.1 mm to 2 mm is
5 preferable. By selecting the nozzle diameter from the
above-mentioned range, the water droplets sprinkled
through the nozzles can be made smaller and the impact
forces of the water dropleﬁs on the soil surface of a
sprinkling area can be made weaker. That is, water can
10 be sprinkled gently without rebounding of the water
droplets from the soil surface. When the nozzle
diameter is less than 0.1 mm, the sprinkled water
droplets may be so small that they will highly take a
fog state, resulting in a failure to cover a long
15 distance. Furthermore, sprinkled water vcelume per unit
area 'may be so small that sufficient ;ater sprinkling
in the sprinkling area cannot be attained. When the
nozzle diameter is more than 2 mm, on the other hand,
the water droplets may be so large that the impact
20 force of the water dfoplets on the soil surface of a
sprinkling area will be stronger, énd rebounding of
water droplets from the soil surface, etc. will take
Place, resulting in a failure to conduct gentle water
sprinkling.
25 The angle of nozzle elevation is not
particularly limited, but it is preferable to select it
from a range of 20° to less than 9g°. By selecting the

angle of nozzle elevation from the above-mentioned



| eaves nor stens are damaged, or the roots are never exposed fromthe
soil. That is, there is no fear of pl ant growt h inhibition. Thus, the
present liquid sprinkler is suitable for sprinkling a liquid to an 10

i nclined plain. Since a plurghity of nozzles are formed in a
zone encl osed by two second i magi nary |ines”intersecting a first

zone by two )
Subst ant 1 al |y FeRSSmENSR i i ey thd e spe iy fiet agplerayy,
I d b t t h furth
R 'M.%es%ffé% 461 e ideizod e gone Loolu L her
t di vi ded bzo f d h .
(espect 1 vo v s gy 05 s 8 SoOn el wacec 8l D
bet ween two i nt engtel;,}'mlﬂhém{&ﬁé&t rebohHBLhGALY ééEé‘ng%obiQ%sa”d the

two second i magl
5 from the soil surface, etc. When the angle of nozzle

elevation is less than 20°, sprinkled water droplets
way hit the surface of the sprinkling area due to the
water pressure on the nozzles, resulting in an increase
in the impact force on the soil surface of the
10 sprinkling area and occurrences of water droplet
rebounding f£rom the soil surface, etc. Thus, water
cannot be gently sprinkled.
Generally, it is known that water droplets can
proceed in the air against resistances proportional to
15 the square of their speeds, and thus the sprinkled water
roplets can proceed farthest when the angle of nozzle
elevation is set to about 30°, exactly 27°, while the
water pressure and the nozzle diameter are constant. As
to the sprinkling distance of water droplets, such a
20 relationship as ¥i1/¥3 = 1.4 to 1.5 is established, where
¥; is a sprinkling distance when the angle of nozzle
elevation is set to 30° and ¥; is a sprinkling distance
when the angle of nozzle distance is set to 60°, while
the water pressure and the nozzle diameter are constant.
25 Furthermore, the sprinkled water droplets can proceed
far with increasing nozzle diameter and with the

resulting decrease in the spreading angle when the water

pressure on the nozzles and the angle of nozzle



straight lines as the line of upsides; and the nozzles in the
subsection outside the imaginary ellipse in one

those of the subzones have a | arger total opening area than/in 25 the
subsection inside the inmaginary ellipse_ ggiLe t he nozzles in the
subsection outside the imaginary ellipse

t hose I n otyher_subzone have a | 1gr_tot enin hanp/ I n
t he subsectioﬁ%qﬁﬂsﬁf rﬂ§?r&&§$&ﬁ§@§||f%éé?e %%PQ, ene gﬁ?gaﬁﬁﬁg

- 21 - springd ore Nead, gust BEoPaRs efls OfnkPgatigdeyPLR®inkReqa3Rg0T an

sprinkling distance, and thus the sprinkling coverage is
broadened. That is, when the water pressure on the
5 nozzles and the nozzle diameter are constant, the
sprinkling coverage is narrowed with increasing angle of
nozzle elevation, resulting in an increase in the
sprinkled water volume per unit area. 1In order to keep
the sprinkled water volume per unit area substantially
10 constant; it is necessary, for example, to make the
diameter of nozzles formed at an angle of nozzle
elevation of 60° smaller than that of nozzles formed at
an angle of nozzle elevation of 30°.
Water pressure on the nozzles is nof
15 particularly limited. In the case the liquid sprinkler,
that is, the riée pipe, is directly connected, for
example, to the ordinary water pipe (tap water pipe),
the available water pressure is 1 to approximately 2
kg/cm2. Water pressure on the nézzles can be changed,
20 when desired, by a liquid pressure-changing means such
as a pump, a pressure reducing valve, a gate valve, etc.
which can change the water pressure in a desired range,
- for example, 1 to 5 kg/cm2, preferably 1 to 2 kg/cm2.
Since the sprinkling distance and direction of
25 water droplets can be set as desired by selecting a
nozzle diameter, an angle of nozzle elevation, a sector
angle (which will be defined later), and a water

pressure on the nozzles in combination, the present



inchined sprinkling area, that is, in the case the liquid is to be
sprinkled onto an inclined plain, so that the subzone with nozzles with a
harger total opening area in the subsection outside the inmaginary ellipse
than in the subsection inside the imginary ellipse can be faced toward the
downward side of the inclined plain, mheFeﬁQ tthe volune of liquid sprinkled
onto the downward side of the inclined plain can he nmade |arger than that
of 1iquid spri MiEHGIRr iMelehuedd charder tRReSPRAPKASAFIHSTANSS virt ue
of this nozzle distribution, the liquid a pri nkl i g di st.ange can be set as
n

desired by nozAGERAIRF oFR’ %thetﬁ@eagﬁbé? BLZP| § hénﬁ?ﬁﬁé’ﬂﬁ ?pf ahkl er
head, and thus nore sub- stanti al uniformljquid sprlnklln al | r t he
desired inclin@&nS kv F3Y %Péén%gﬁ Bétsftaphgaant lﬁ%ﬁhQT

si xth aspect of the gresent | pvention, the s i nkl er head has the nozzles
formed al ong cA®ht#i 3BF1NKhERIfAERAt A 98Vt ape epd Sif&-antial ly

hem spherical sprinkler ter,_and t nOﬁﬁles f or,ned ,al ong t he

concentricaf |ines haver%}\%?eﬁg? nggg?ﬁngfgﬁguﬁft R0 kR ROBRFSF dtPance from
| it f t | di th

Surface of 't he CRGER Ph byBaRr oBhETr 5 HsPRERRER sBOYYT o GHEnaT b ex.

the imaginary 'mees?gwﬁifgg | hifgea ﬁeeh hBl @i SeEkie Wi Al 1dddes

at a right angle; orne along t he concentrical |1"nes on
the surface of jocording to the shape and size of a sprinkling area, a

degree of freedom in combination of the nozzle diameter,

10 the angle of nozzle elevation and the sector angie can

be enhanced. .

Procedure for selecting a nozzle diameter and
an angle of nozzle elevation by calculation and test
will be described, referring to specific cases.

15 It is presumed as conditioms for the selection
to sprinkle water all over a square of 10 m x 10 m as a
desired sprinkling area’'l by perpendicularly providing a
rise pipe 11 (Fig. 1) at the center 0 of the sprinkling
area 1, as shown in Fig. 9. Water pressure on nozzles 2

20 on the sprinkler head 1 is set to 2 kg/cm2,

Nozzle diameter and angle of nozzle elevation
capable of sprinkling water all over a one-eighth region
of the sprinkling area, i.e. a zone defined by a
triangle OAB in Fig. 9, are determined, because, once

25 the nozzle diameter and the angle of nozzle elevation
capable of sprinkling water all over the region defined
by the triangle OAB are determined, a nozzle diameter

and an angle of nozzle elevation capable of sprinkling



t he* - 22 - substantial ly

hem spheri cal sprinkler head have an I ncreasing total nozzle opening
area wWith increasing di stance of the concentrical lines fromthe

vert ex. That is, the nozzjgs_are fornmed along 5
concentrical lines fromthe vertex of the substantially hem spheri cal

sprinkler headeds 4 GeUAl: AHLIDEtons, | IEIN Nl gt ers W L

I ncreasi ng di stanc urality magi nary |1 nes substantially

radially = ooAnding fed e, A a6 PlidDEsS\DSAETY | ddtdenifed.

hem spheri cal “spr romthe vertex. |In other
At first, water sprinkling onto the segment AB

of the triangle OAB will be studied. As shown in Fig.

5 10, the segment AB is divided in 5 equal subsegments and
it is set to sprinkLe water approximately to the
respective points A, B, C, D, E and F from the
respective nozzles. Distances from the location point 0
of the rise pipe (sprinkler) as the center to the

10 respective points A to F are as follows: distance OA = 5
VZ = 7 m, distance OB = 5 m, distance OC = 6.4 m,
distance OD = 5.8 m, distance OE = 5.4 m and distance
OF = 5.1 m. Angle ZAOB = 45°, ZAOC = 6°, ZROD = 1l4°,
ZAQE = 23° and ZAOF = 34°. In the following

15 description, the segment OA is deemed to be a base line,
and the above-meﬁtioned angles between other segments
and the segment OA are defined as "sector angles".

Angles of elevations of nozzles capable of
sprinkling water approximately to the respective points

20 A to F, (the nozzles will be hereinafter referred to as
nozzles a, b, ¢, d, e and £, respectively) are
calculated. As described above, the water droplets can
proceed farthest from a nozzle at an angle of nozzle
elevation of about 30°, exactly 27°, when the water

25 Pressure is constant, and thus the angle of elevation of
nozzle a capable of sprinkling water to the farthest

point A from the sprinkler location O is set to 30°.



wor ds, diameters of the nozzles al ong each of concentrical lines are
not equal to one another, that I's, the snallest at the position
rRearest to the i magi nary lines and the |argest at the farthest
position 15 fromthe imaginary |ines. ;%nce t he nozzl es have

di fferent dianeters, depending on their difétances from t he i magi nary

|l ines, the sprinkling distance of Jiquid . roplJ.ets ejected fromthe
nozzl es differs from ondests fﬁﬁié%§%§?%ﬂﬁﬂ9ﬁ3.e'éﬁiﬁeﬁ 2 r?ﬂﬁfﬁ%gaarea,
which has 20 been in a dou qut shap%ggy th nvenl“QQ? _Iéguid_
sprinkler, ca®h& CAIFGEF Mt A FbiFU S HApe -t i $92% f"lﬁgf’g can
i amet er's of A5z @8 1 AR RARAH GRS HERtEheaHTd &3 TPReaxT¥ie | i quid-
can be 25 sprinkl ed SURSAN Ao R in@ R wfed K D BLE% R noz21e
5 a was 0.7 mm.
It is known that when the nozzle diameter is
constant, the sprinkling distance of water droplets at
an angle of nozzle elevation of 30° is 1.4 - 1.5 times
the sprinkling distance of water droplets at an angle of
10 nozzle elevation of 60°, whereas a ratio of distance
OA/distance OB = 7/5 = 1.4. Thus, the diameter.of
nozzle b for sprinkling water approximately to the point
B is set to 0.7 mm and the angle of elevation of nozzle
b is set to 60°.
15 . When the diameters and angles of elevation of
nozzles a and b are set to the above-mentioned figures,
the sprinkling distance of water droplets at an angle of
nozzle elevation of 30° is 7 m and that at 60° is 5 m,
that is, its difference in the distance is 2 m (= 7 -
20 5). 1In other words, when the nozzle diameter is
constant, a change in the angle of nozzle elevation by
30° will change the sprinkling distance by 2 m. That
is, it can be seen that, when the sprinkling distance of\
water droplets is in a range of 7 m to 5 m under the
25 above-mentioned conditions, an angle of nozzle elevation
must be increased by 1.5° to shorten the sprinkling
distance by 10 cm. For example, the distance OC (= 6.4

m) is shorter than the distance OA (= 7 m) by 0.6 m,



any ‘desired shape and size. In other words, the present liquid
sprinkl er must be perpendicularly provided according to the shape of a
gprinkling area, because the 23 -
present liquid sprinkler can sprinkle a liquid to a sprinkling area of any
shape. Furthernore, since the present lhquid sprinkler can be efficiently
provi ded, nunber of the liquid sprinklers to be provided on the entire

sprinkling area can be nmade snaller than that of t he conventional |iquid
sprinklers. Furthernpore, .the m%a Q’ es are fqQur |ines each
i nt er secti ngtPReRRIA8j Q€cRLeFREEON P, zg?ﬁt é:n 1oF, SRTM 248K ng an

equal diamet of 80§ hatlty o0Me' Poshd WU %e

¢ 'S (= 30° + 6 x
1.5°). Likewise angles of elevation of nozzles d, e and
f can be calculated to be 48°, 54° and 58.5°, respec-

5 tively. Diameters of nozzles c to £ are each set to 0.7
mm. Diameters, sector angles and angles of elevation of
nozzles a to £ are shown in Table 1.

Water sprinkling tests were carried out by

setting diameters, sector angles and angles of

10 elevations of nozzles a to f as above, and by using
engineering plastics comprising a polymer alloy of
polyphenyleneether (PPE) and polyamide, containing 20%
by weight of talc on the basis of the polymer alloy as
materials for the sprinkler head.

1s The water sprinkling tests were carried out by
arranging top-open measure boxes each with a bottom
square of 16 cm x 16 cm and a height oé 3.5 cm in the
triangular zone OAB in the sprinkling area (Fig. 9)
closely without any clearances therebetween and by

20 sprinkling water from the sprinkler head for 10 minutes.
After the water sprinkling, depth, i.e. depth per 256
cm2, of water stored in the respective measure boxes was
measured. In the following description, volume of water
stored in one pressure box per hour, converted to depth

25 of water per hour, will be called "sprinkling
intensity”, which will be also referred to as "sprinkled

water volume per unit area". For example, when the



and*di ameters of the nozzles to be forned al ong the concentrical |ines have
an equal ratio of increasing according to distances fromthe inmaginary
kines, a liquid can be sprinkled uniformy onto a sprinkling area of square
shape. Since the nozzles fornmed along the concentrical lines on the
surface of the substantially heni spherical 44prinkler head have an

I ncreasing total nozzle opening area with increasing distance of the
concentrical | depshf ofmwalte rverttaned sigr ioné aredsuns doas| pee perr ubkst 18rea
can be made uniform between a region locating at a shorter sprinkling

di stance, i.e. ma,r éfieosprdakling |inhens sy i ikithe boxl bs rkyi®A. | ocating at

a longer sprinkling distance, i.e. aregion far fromthe liquid sprinkler;
and thus substantially umiefsorlhs iafuiwe b ispaiinkd iown tes tareorduotedal
over the sprinkling area. According to an seventh aspect of the

present invent usdern Hhe @haua-utenicianed gonddtiansiare asshown in Fig. 5
T 24 5 as a sprinkling intensity distribution, which corre-
sponds to a sprinkled water distribution. As is evident
from Fig. 5, water droplets sprinkled, for example, from
‘nozzle a are distributed in a narrow  zone along the
segment OA as a center line with a width of about 50 cm,
10 and further water droplets can be sprinkled approximate-
ly to the entire segment AB with a sprinkling intensity
of 5Smm to 40 mm from nozzles a to £.
Zone not sprinkled from nozzles a to £ in the
triangle OAB, that is, the zone near the sprinkler
15 location O in the triangle OAB, will be studied. It is
evident from the foregoing sprinkling tests that water
can be sprinkled all over the zone distant f£rom the
sprinkler location O by 5 m or more, and cannot be
sprinkled in the zone distant from O by less than 5 m.
20 In order to efficiently sprinkle water to the
zone near the sprinkler location O, a segment GH in
parallel to the segment AB is drawn from the point G, 5
m distant from the sprinkler location 0, as shown in
Fig. 11, and water must be sprinkled approximately to
25 points I, J, K, L and M as intersections on the segment
GH with bisectors of ZLAOC, ZCOD, «ZDOE, <ZEOF and ZFOB,
respectively, from the respective nozzles. Distances

from the sprinkler location O to the respective points I



sprtnkling-inhibiting nmenber for inhibiting sprinkling of a liquid

t hrough other nozzles than those destined to the desired sprinkling
area, and the sprinkler head is provided with a sealing nmenber for

cl earances between 5 the sprinkling- |nh|%|ting menber and the sprinkler
head. Since the sprlnklln Ilquid can pass only t hr ough

I inhibited by th Kl hi

Spr i nkied, 1P XS St oo oRe: "piFRRrea BRI i fibain Thecaagr o
I b | ect 1 I d th

g;f:z(r:\?ilmn?é Isﬁ'ﬁlec I %b doltso%oarr{ér%:ﬂ:gﬁzg\rl\?ghet I‘\% qul%d?ctanhgeasprl r?kq und
hently prI%’fz?%%g 8R! 2 3 4e5! gk 8P ﬁ&‘éw% {-&hgsaEsa18LaY

the liquid s at” i's,” hot on e entir area around t he

Lau d fﬁ;hpﬁée‘;&toéﬁngi@%f Oy, 0O Gr ARgPPTAGK! LN o eas QB ope side

5 angle AOK == 19°, sector angle AOL == 29° and sector

angle AOM = 40°.
Angles of elevation of nozzles capable of

sprinkling water approximately to the respective points
I to M, that is, nozzles i, j, k, ¢ and m are

10 calculated. As already mentioned above, when the water
pressure on the nozzles and the nozzle diameter are
constant, waéer droplets.sprinkled from nozzles are
sprinkled onto a narrower sprinkling area with
increasing angle of nozzle elevation, and thus in order

15 to obtain a substantially constant sprinkling intensity,
the diameters of.nozzles i tom are set to 0.6 mm, which
is smaller than the diameters of nozzles a to £, i.e.
0.7 mm.

Sprinkling tests were carried out for

20 determining an angle of elevation of nozzle i whose
nozzle diameter was set to 0.6 mm. It was found that
water could be sprinkled approximately to the point I at
an angle of nozzle elevation of 50°. When the tests
were conducted for determining an angle of elevation of

25 nozzle m whose nozzle diameter was set to 0.6 mm, it was
found that water could be sprinkled approximately to the

point M at an angle of elevation of 70°.



onl'y onto an area around the liquid sprinkler, but far fromor near

It. Since the sprinkler head is closely fitted to t he
gprinkling-inhibiting menber by a sealing nmenber, 20 there are no

cl earances between the sprinkler head and t he sprinkling-inhibiting
menber, and thus when the l'i qui d spurignkling is inhibited by the

spri nkl i ng- I nhibiting nmenber, the liquid can be prevented from
retaining in clearancestei waed dhemepetskand arqlleandf Bievheion of
sprinkling-inhibiting nmenber or fromleakage to the out si de through

cl earances bejy®ered he sprmnkterséeatio the abdvehmespionledi fg-gurieshi ting
menber. Thus, nore
the sprinkling distance of water droplets is 4.8 m at an
angle of elevation of 50° and 3.6 m at an angle of

5 elevation of 70°, a difference in the sprinkling
distance is 1.2 m (= 4.8 - 3.6), and thus a change in
the angle of elevation by 20° will change the sprinkling
distance by 1.2 m. That is, when the sprin&ling
distance of water droplets is in a range of:4.8 m to 3.6

10 m under the above-mentioned conditions, a sprinkling
distance can be shortened by 10 cm by increasing the
angle of elevation by 1.7°. For example, the distance
OJ (= 4.3 m) is shorter by 0.5 m than the distance OI
(= 4.8 m), and thus the angle of elevation of nozzle j

15 for sprinkling water to the point J will be 50° + 5 x
1.7 = 58°., Likewise, angles of elevation of nozzles k
and ¢ will be 65° and 68°, respectively. Diameters,
sector angles and angles of elevation of nozzles i tom
are also sﬁcwn in Table 1.

20 Results of water sprinkling tests under the
same conditions as before by setting the diameters,
sector angles and angles of elevation of nozzles i tom
as mentioned above are shown in Fig. 6 as a sprinkling
intensity distribution. As is evident from_Fig. 6,

25 water droplets, for example, from the nozzle i can be
sprinkled in a narrow zone along the segment OI as a
center line with a width of about 50 cm, and further

water droplets can be sprinkled approximately to the



- 25 - efficient liquid sprinkling can be attained with a smaller volune

of 1iquid.

According to a eighth aspect of the present invention,

t he

sprinkler head has a filter between the sprinkler head and a fixing jig,

and the filter
| arger trap ar

area of the ri
| arger. That i

10

15

20

25

has a small er nmesh size thay the nozzle dianeter and a

ea than the lateral cross- sectional area of the rise pipe.
Since the filtgrthae dehmeder ghr aRtar aasprankiiiad alndleds i tof &5 -6 i nal

se pipe, fthe filtration area of the filter can be nade
50 #iRefbht abzeaashaveoam.

Sprinkling intensity distribution prepared by
overlapping the sprinkling intensity distribution (Fig.
5) obtained by the water sprinkling tests through
nozzles a to £ with that (Fig. 6) obtained by the water
sprinkling tests through nozzies i to m is shown in Fig.
7. Sprinkling intensity at the overlapped positions of
the measure boxes, i.e. sprinkling intensity distribu-
tions, is a value obtained by addition of two values of
water depth. As is evident_from Fig. 7, it can be seen
that water droplets from the nozzles a to m can be
sprinkled all over the region by at least about 3 m far
from the sprinkler location O with a sprinkling

intensity of about 5 mm to about 40 mm.

Zone not sprinkled by the water droplets from

the nozzles a to m in the triangle OAB, that is, the
zone much near the sprinkler location O in the triangle
OAB, will be studied.

Tests were carried ou:z for determining nozzle
diameters, sector angles and ancles of nozzle elevation
in the same manner as above. Iz was found that, when

the diameters, sector angles ané angles of elevation of

nozzles n, and p to s were set 5 figures shown in Table

1, the zone much near the sprinkler location O could be

sprinkled with water.



| ar gér nunmber of nmeshes and thus can have a snaller pressure drop and no
limtation to the feed rate of sprinkling liquid. Thus, clogging by sand,
rusts, dust, etc. can be prevented for a long tine. Si nce the
I|qU|d can be di stributed throughout the sprinkler head fromthe rise pipe
connected to the fixing jig, the liquid p*®ssure can be unifornly applied
to the entire sprinkler head, and thus the |iquid can be sprinkled
uniformy onto the sprinkling ar ea. Tableadcording to a ninth aspect of
the present invention the sprinkler head has nozzles forned at angl es of
nozzle elevation of not nore than 27 to the center of the substantially

hem spherical sprinkler head and along a t I agl [Jenes

substgntially r adiNgiaal eox endﬂﬁﬁ%#ﬁtﬁe $ur gg%k?¥ ?%e k ﬂ%g{:lzf

identifi-— diameter .
cation (mm) (Angle from elevation

segment OA) (°)
a 0.7 0 30
b 0.7 45 60
c 0.7 6 39
d 0.7 14 48
e 0.7 23 54

£ 0.7 34 58.5
i 0.6 3 50
3 0.6 10 58
k 0.6 19 65
1 0.6 29 68
m 0.6 40 70
n 0.5 5 : 70
P 0.5 22.5 75
q 0.5 38 80
r 0.4 15 ; ' 80
s 0.4 30 85

Results of water sprinkling tests under the
same conditions as above by setting the diameters,
sector angles and angle of elevation of nozzles n and p
to s as mentioned above, as overlapped with the

5 sprinkling intensity distribution obtained by the water
sprinkling tests through the nozzles a to m (Fig. 7) are
shown in Figs. 4 and 8 as sprinkling intensity
distributions, respectively. Aas is evident from Figs. 4
and 8, the entire triangle OAB can be sprinkled with

10 water droplets from total 16 nozzles a to n and p to s
with a sprinkling intensity of about 5 mm to about 40

mm. That is, the entire one-eighth zone of the



substantially hem spherical sprinkler head fromthe vertex thereof,

- 26 - and di aneters of the nozzles along the sane imaginary l i nes
decrease with increasing distance fromthe vertex, and total nozzle
openi ng area of the nozzles at the same. 49 angle of nozzle elevation
decreases with decreasing 5 angle of nozzle elevation. A

plurality of gg{-{'n iHF d1¥dBd Qh e genSPy! St ehk D€adwathangeewaler
nozzl e el evati on of not” nore than 27[err] to the center of the
substantial |y ahefiets from the nozzles a to s.

In Fig. 4 there are some blank zones, i.e.
zones not indicated with the sprinkling intensity.

5 These blank zones are zones whose sprinkling intensity
was not measured at the water sprinkling tests, but, of
course, can be presumed to be entirely sprinkled with
the water dropler, because water droplets are diffused
into the soil of the sprinkled area, while some of them

10 flows along the soil surface of the sprinkled area.
Even if there are.some fluctuations in the sprinkling
intensity'from points to points, it can be presumed that
water is substantially uniformly sprinkled in the one-
eighth zone of the sprinkling area 1 by sprinkling water
15 all over the triangle OAB, as describgd above.

By apﬁlying the diameters, gector angles and
angles of elevation of nozzles a to n and p to s set in
the above-mentioned procedure to the remaining seven-
eighths zones of the sprinkling area 1, nozzle

20 diameters, sector angles and angles of nozzle elevation
capable of sprinkling water onto the entire sprinkling
area 1 can be likewise determined simply. Since the
segments OA and OB of triangle OAB are common to those
of adjacent triangles, and since water droplets from the

25 nozzles a and b can be sufficiently sprinkled-
approximately to the segments OA and OB of the adjacent

. triangles, as is evident from Fig. 4, one of the

overlapﬁed nozzles destined to sprinkle water



sphérical sprinkler head and along a plurality of 10 inmmginary |lines

substantially radially extending on the surface of the substantially
kem spherical sprinkler head fromthe vertex thereof. Generally, the
sprinkling di stance of a liquid sprinkled fromnozzles is the

| ongest at an angle of nozzle elevation of 27[err] and 15 decreases with
I ncreasing or decreasing angl es of -n®paz+es el evation. Thus, the
sprinkling distance of liquid droplets can be set as desired by

sel ecting appeaxlimagediyt itenthedehisegnemngonfandgdpscafh bezzl e
el evation of not nore than 27, and the liquid droplets 20 can be sprinkled
onto a sprinkbmigtadea Thuany 1w zickes (= k6 ze dy-se) emusngba pattern
for the imaginary lines on the surface of the hem spherical part.
Since no nozzbegvided aice sparimkl eatwatreyt esulsd tanoizza Bl el enafoonlef aldre than
over the sprinkling area 1, that is, from the area much
5 near the sprinkler location O to the corners.
Water droplets can proceed farther by making
the water pressure higher than 2 kg/cm2, but no farthe;
at a lower water pressure than 2 kg/cmz. Thué, the
sprinkling distance of water droplets can be changed as
10 desired by changing the water pressure, that is, by
changing the water pressure on the nozzles with a
pressure-changing means capable of changing the water
pressure in a specific range, for example, 1 to 2
kg/cm2, such as a pump, etc.
15 The fofegoing descriétion has been limited to
sprinkling of water oﬁﬁo the sprinkling area 1 of 10 m x
10 m square, but the shape of the sprinkling area is not
limited to the square shape, but any other desired shape
such as a rectangle or polygons, a circle and an ellipse
20 can be sprinkled. Size of the sprinkling area is not
limited in the present invention. Furthermore,
combinations of diameters and angles of eievatiéns of
nozzles a ton and p to s are not limited to the
combinations determined according to the above-mentioned
25 procedure, and any other combinations are possible, for
example, in view of the sprinkled water volume per unit

area, etc.



27[6rr], liquid droplets are never sprinkled toward the 25 overhead of the
sprinkler head. Furthernore, dianeters of the nozzl B satedAg BebEr

BiE
i“magi nary |ines are nade to decrease with increasing 3 t he
vertex, and thus the liquid can be sprinkled substan“’Hm Hmﬂumgy
- 27 - uniformy all over a sprinkling area. That is, i nt
sprinkler head tan be well applied to orchards or green house farns or
gardens with the so calllnethe fdregdimg adegar itdrd asprithid imupebes gpf . For
exanple, when 5 the present sprinkler head is used for water sprinklers
for orchardspomatles doplsgsinkkinpwatepralkleees die kriangle OAB,

that is, the one-eighth zone of the sprinkling area 1,
is set to 16, but the number of nozzles is not
§ particularly limited.

Another embodiment for sprinkling water
approximately to the segment AB of triangle OAB will be
described below.

Water is to be sprinkled approximately to the

10 segment AB through 7 nozzles in place of 6§ nozzles a to
£. As shown in Fig. 12, the segment AB is divided into
6 equal subsegments, and water must be sprinkléd
.approximately‘to the respective peints A, 8, T, U, V, W
and X from the respective nozzles. Distances to the
15 respective'points} A, Band T to X frg@ the sprinkler
location O are as follows: distance QA = 7 m, distance
OB = 5 m, distance OT = 6.5 m, distance OU = 6.0 m,'
distance OV = 5.6 m, distance OW = 5.3 and distance OX
= 5.1 cm. The respective sector angles are as follows:
20 sector angle AOB = 45°, sector angle AOT = 4°, sector
angle AOU = 1ll°, sector angle ROV = 18°, sector angle
" AOW = 27° and sector angle AQOX £ 36°.
Angles of elevation of nozzles capable of
Sprinkling water approximately to the respective points

25 A, B, T to X, that is, nozzles a', b', &, u, v, w and x,

respectively, are calculated in the same manner as

above. Angles of elevation of nozzles a', b' and t to x

are 30°, 6§0°, 37.5°, 45°, S51°, S§5.5° and S58.5°.



t hee overhead of the sprinkler head, and thus are never attached to
overhead fruits, which can be kept in a constantly dry state. This
Jeads to very less infection 10 by the so called pathogenic organi sns and
t o mai nt enance of good quality and high yield of fruits. Wen the
present sprinkler head is used for sprinkkers for green house farns or
gardens, water droplets are never sprinkled toward the overhead of the
sprinkl er heaglaﬁétéygfggﬂngggf%éuhtrm%c %hangstef xNQuel RGen Heat dé

wat er sprinkling can be con uct ed Wit hout any consideration o

the so calledgl ismghati éﬁéﬁéﬁ%5F§é5¥6f”ﬂnﬁfé9h£nd angles of

Furt her nor e, total nozzl e openi ng area of nozzl es at the sane

angl e of nozzQﬂé@é%*%dfﬁ?'éh B sprlnk$ degregﬁg %AEB deQrRATHANH e of

nozzl e el evation

l'iquid volume per unit area can
be Table 2.
.Table 2
Nozzle_ ﬂozzle Sect?s)angle Aﬁgiil:f
ldegFlﬁl" d;afsier (Angle from elevation
cation (mm) segment OA) (°)
a' 0.7 0 30
b! 0.7 45 60
t 0.7 4 37.5
u 0.7 11 45
v 0.7 18 51.
w 0.7 27 55.5
x 0.4 36 58.5
5 Results of water sprinkling tests under the

same conditions as above by setting the diameters,
sector angles and angle of elevations of nozzles a', b'
and t to x to figures as mentioned above are shown in
Fig. 13 as a sprinkling intensity distribution. &As is
10 evident from Fig. 13, water droplets can be sprinkled
approximately to the entire segment AB with a sprinkling
intensity of about 5 mm to about 40 mm from the nozzles
a', b' and t to x. Small number of the nozzles is
preferable from the viewpoint of the productivity of a

15 rise pipe with a sprinkler head, that is, a liquid

sprinkler.



made”equal between a region of relatively'short sprinkling distance,
i.e. aregion near the liquid sprinkler, and a Tmgagiheda Had BeeieRaplatede! y

| eng sprinkling 25 distance,-i.e. a region far from i nkl er.
That is, nore uniformliquid sprinkling can be conduct er a
- - F

sprinkling area. - 53 -
DESCRI PTI ON OF THE DRAW NGS Fig. i IS a schematic el evation view of

the present |iquid It is also possible to determine optimum

nozzle diameters, sector angles and angles of nozzle
elevation by inputting data, for example, On varied
nozzle diameters, angles of nozzle elevation and water

5 pressure on nozzles into a computer and analyzing
relations between these factors as to the sprinkling
distance of water droplets in advance in place of
determining nozzle diameters, sector angles and angles
of nozzle elevation according to the shape and size of a

10 sprinkling area by tests, etc. Thus, number, diameter
and angles of eleva;ion of nozzles and water pressure
can be easily determined according to a sprinkling area
of any shape and si;e by the so called computer
simulation without any water sprinkling test.

15 Embodiments according to the-second aspect of
the present invention will be described in detail below:

In Fig. 2, a plurality of nozzles 2 are formed

on a plurality of imaginary lines 9 intersecting one
another at the vertex 3 of the hemispherical part la of

26 the sprinkler head 1 and substantially extending along
the surface of the hemispherical part la. 1In Fig. 2,
only three imaginary lines are shown by two-dot chain
lines, while other imaginary lines are not shown.
Nozzles 2 formed along each imaginary line 9 must have

25 1increasing diameters with increasing distance of nozzles
from the vertex 3, and the several nozzles 2 along each
imaginary line 9 can have an egual diameter. That is,

nozzles 2 formed along each imaginary line 9 must have a



sprihkl er provided with a sprinkler head. Figs. 2 and 3 are a plan
view and an elevation is view, respectively, of a sprinkler head according
t® one enbodi mnent based on a first aspect of the present invention.

Fig. 4 shows a sprinkled water intensity distribution as a result of a
water sprinkling test conducted by a Iiquigly sprinkler with a sprinkler
head according to the present invention. Figs. 5, 6, 7 and 8 show

sprinkl ed mate{agg%ggihgémg%ggrggukhgn%ag%ﬂgygsafg&§{552€§g&ttgg the wat er

sprinkling tes I'n the 'sange manner as 1 n Figs. 9,

o ot e ANy g BB cRAANCTRL GBEY eR) AR Wi ards SRA1SKAREE BOCRne

subjected to t h& el sprinkling test as shown 1 n Figs. ,

detail ed pl an ggg@@ tBereof, respectively. Fig. 13 shows a sprinkl ed
water intensity -§€rPbuti on as part of the results of the water sprinkling

test conducted in the 5a@%t@%@ﬂeEfa§h§h@m&dﬂﬁé?ﬁllfhes 9 on the

5 sprinkler head 1 shown in Fig. 2, that is, a distribu-
tion pattern of nozzles 2, shows a case that the shape
of a sprinkling area is a square. Thus, the pattern of
nozzles 2 is not limited only to the pattern shown in
Fig. 2.

10 In the embodiments, diameters of nozzles 2 are
0.4 ﬁm for the nozzles located inside the closea curved
line 8a, shown by a one-dot chain Line; 0.5 mm for the
nozzles located between the closed curved line 8a and
the closed curved line 8b; 0.6 mm for the nozzles

15 1located between the closed curved line 8b and the closed
curved line 8c; 0.7 mm for the nozzles located between
the closed curved line 8c and the closed curved line 84;
and 0.8 mm for the nozzles located inside the closed
curved lines 8e in Fig. 2. Of course, the distribution

20 pattern of nozzles 2 and diameters of the respective
nozzles 2 are not limited to those give above.

Sprinkled water volume per unit area of the
sprinkler head 1 according to the second aspect of the
present invention was investigated in the same manner as

25 already described above by setting the nozzle
distribution pattern and nozzle diameters to those shown
in Fig. 2, and using a hemispherical part la of the

sprinkler head 1 having a diameter of 5 cm, a water feed



Fig. 14 shows profiles of sprinkled water distribution in relation to the

di stance fromthe rise pipe. ThsﬂmﬂfhsB&nR;ﬁmgp
Frgs. 15 and 16 are a plan view and an el evation Vi ew, of a
n&f t he

ation

sprinkl er head according to an enbodi rent based on a s|ﬂﬂﬁmﬂa%ﬂ
present invention. Figs. 17 and 18 are a plan vi
view, respectively, showng a nodificat$®n-of the sprinkler head shown in

Figs. 15 and 16.
J rate of about 17¢/min and a water pressure of about 2

kg/cm2 on the nozzles 2.
The sprinkled water volume per unit area
measured under the above-mentioned conditions is shown
5 in Fig. 14, where the abscissa shows a distance from the
rise pipe 11, the ordinate shows a sprinkled water
volume per unit area, curve (a) shows the sprinkled
water volume per unit area according to the second
aspect of the present invention and curve (b) shows that
10 of a comparative sprinkler head made in the following
manner. That is, a comparative sprinkler head was
prepared in the same structure and under the same
conditions as those for the ptesent sprinkler head 1
except all the nozzles were made to have an equal
15 diameter and equal total nozzle opening area to that of
nozzles 2 of the present sprinkler head 1.
As is evident from Fig. 14, the present
sprinkler head 1 can sprinkle water substantially
-uniformly all over the sprinkling area, whereas the
20 comparative sprinkler head sprinkles much water only in
| the zone near the sprinkler and the sprinkled water
volume per unit area decreases with increasing distance
from the sprinkler. Thus, the comparative sprinkler
head cannot sprinkle water uniformly.
25 Embodiments according to the third aséect of
"the present invention will be described in detail below:
In Fig. 15, which is a plan view of the

surface of the hemispherical part la, as viewed from the



Fig.” 19 shows profiles of sprinkled water distribution in relation to the

di stance fromthe rise pipe. Figs. 20 and 21 are a plan view and an
el evation view of a sprinkler head according to one enbodi mrent based on a
third aspect of the present invention. Fig. 22 is a vertica

cross-sectional view of the essential pgr% of the sprinkler head shown in
Fig. 20, and shows a position of the str 8 zone on the sprinkler head.

aroa of the SRPRRREER IREadTEGRF S9h i DERSE8 Eigr 46 The rabaft Baara e,
el cvat i on vi ol eveStedtis fepi saner LT rRFer Teha acebrirRsEothne 1 "
embodi nent baig%;%;;igénggg1é§;£¥: £€o£§e4p{§§§9£aéﬁv fﬁégnga defined

by four sides of a square as a polygon surrounding the

5 vertex 3 and curved inwardly toward the vertex 3, as

shown by two-dot chain lines, and along a plurality of -~

imaginary lines 9b drawn along the imaginary lines 9a

but inside the imaginary lines 9a toward the vertex 3,

as shown also By two-dot chain lines.

10 Nozzles 2a formed along one imaginary line Sa
or 9b are made to have an equal diaﬁeter. A pattern of
imaginary lines 9a and Sb on the sprinkler head 1 shown
in Fig. 15, that is, a distribution pattern of nozzles
2a, shows a case where the shape of a.sprinkling area 1is

15 a sgquare. Thus, the distribution pattern of nozzles 2a
is not limited only to that shown in Fig. 15.

In Fig. 15, nozzles 2b are formed along an
imaginary circle Sc around the vertex 3 as a center, as
shown by a two-dot chain line. Among nozzles 2b, the

20 nozzles.Zbl locating near the intersection of the
imaginary circle 9c and the imaginary lines 9a are made
to have the smallest diameter, whereas the nozzles 2b;
locating farthest from the imaginary lines 9a are made
to have the largest diameter. Other nozzles 2b are made

25 to have increasing diameters in the direction from the
nozzle 2b; toward nozzle 2b;. The pattern of imaginary

circle 9c on the surface of sprinkler head 1 shown in

Fig. 15, that is, distribution pattern and diameters of



Figs: 26 and 27 are a plan view and an el evation view —respectivety; of one

nodi fication of the . = 3Q - nozzl e
distribution pattern on the sprinkler head shown isghesttas BoenReplacsd
Figs. 28 and 29 are vertical cross-sectional views aﬂl "al part of

t he sprinkler head shown in Figs. 24 and 25 and sho of the
rectangul ar zone on the sprinkler head.s7 - Fig. 30 shows profiles of
sprinkled water distribution in relation to the distance from.the rise
pi pe. - nozzles 2b, shows a case that the shape of desire

sprinkling area is a square. Thus, the distribution
pattern of nozzles 2b is not limited only to the pattern
shown in Fig. 15.

5 As already mentioned before, in order to make
the sprinkled water volume per unit area substantially
constant on the entire surface of a sprinkling area, it
is necessary to make nozzles 2b formed at positions far
from the vertex 3, that is, nozzles 2b located at a

10 small angle of nozzle elevation, larger than nozzles 2a
located at positions near the vertex 3, that is, nozzles
2a at large angles of nozzle elevation. Furthermore, in
order to sprinkle water all over a sprinkling area of
any shape and size, it is necessary to select diameters

15 of nozzles 2a and 2b according to their positions, i.e.
angles of nozzle elevation and a desired sprinkling
distance.

Diameters of nozzles 2a are not particularly
limited, and preferably are in a range of 0.1 mm to

20 2 mm.

In the embodiments according to the third
aspect of the present invention, diameterslof nozzles
2a, for example, nozzles 2a locating along the imaginary
lines 9a, are set to 0.7 mm, and those of nozzles 2a

25 locating along the imaginary lines 9b adjacent to the
imaginary lines %a are set to 0.6 mm. That is,
diameters of nozzles 2a locating along the imaginary

lines 9b are set to 0.6 mm, 0.5 mm and 0.4 mm succes-



Figs. 31 and 32 are a plan view and an el evation view, respectively, of a
sprinkl er head according to one enbodi nent based on a fifth aspect of the
present invention. Figs. 33A and 33B are a schematic el evation view
showi ng the node of sprinkling water onto an inclined plain by a liquid
sprinkler provided with the sprinkler head Ehomn in Figs. 31 and 32, and
profiles of the sprinkled water distribuTioR T'n relation to the distance
fromthe rise pipe, respectively. . . Fi g.. 34, shows _proti.les

sprinkl ed wat efideddy iuthtsh 4#’%%%39 ohr B e bﬁ“%%ﬁégyf ﬁbﬁ'\eﬁhgfbri se

pi pe. Fi gs. .35 and 36 are a plan yiew and an_elevation_vie
respectively, & Q&hﬁﬁ%:HEQQ éhﬁuy Eﬁﬁd¥n§°tghﬁném%ﬂbBﬁfﬂeﬁfnﬁésg@ on a
si xth aspect of the present inventio Figs. 37 nd _37B.are _a pl an
vi ew showi ng { Reaas & et%Lﬁrf%c‘ée%?e’én%pr iNeFrhg g%%&%@“gé%pﬁ’ﬁﬁ%eé& Wi th

and diameter of nozzles 2a are, of course, not limited
S only to those mentioned above.
Diameters of nozzles 2b are not particularly
limited and preferably are in a range of 0.1 mm to 2 mm.
By haking the diameters of nozzles 2b have the figures
in the above-mentioned range, water can be more
10 substantially uniformly sprinkled all over the
sprinkling area. Nozzles 2b must be formed in view of
uses, etc. of the sprinkler head 1, that is, the liquid
sprinkler. That is, nozzles 2b must be provided on the
'hemispherical part la of the sprinkler head 1, as
15 required. In other words, no nozzles-2b may be formed
on the sprinkler head 1.
In the present embodiment, diameters of
nozzles 2b are set to 0.8 mm for nozzles 2b; and 1.3 mm
for nozzles 2bs, and diameters of other nozzles 2b are
20 set to increasing figures between 0.8 mm and 1.3 mm in
the direction from the nozzle 2b; toward the nozzle 2bj.
Of course, the distribution pattern and diameter of
nozzles 2b are not limited only to those given above.
Water pressure on the sprinkler head 1, that
25 1is, nozzles 2a and 2b, afe not particularly limited, and
can be selected from the water pressure range as already

mentioned before by changing it with a water~pressure

changing means.



31-° wat er by the sprinkler head shown in Figs. 35 and 36, and a
detailed plan view of a one-fourth part the sprinkling area shown in Fig.

37A, respectively. Figs. 38 and 39 are a plan view and an el evation
view, respectively, of a sprinkler head according to another enbodi nment
based on the sixth aspect of the present 4qvention. Fig. 40 is a

pl an view showing a sprinkling area to be sprinkled with water by the

sprinkl er head shown i nrgiegﬁreggn@ngp%%-nkler hedd 4S-i Al Arombeca plan
view and an el evation view, respectively, of a sprinkler head according to

one enbodinenghgggegsog gglggﬁﬁgﬁhgﬁaﬁgu ofn tdYfe EEERJY ingVanboan-
Figs. 43A and 4 are a persSpective view and a plan view,
ment, square shape is illustrated as a polygonal shape.
Thus, water can be sprinkled substantially uniformly all
5 over a sprinkling area of rectangular shape, such as a
square shape.

Diameters of nozzles 2a formed along the same
imaginary line 9a or 9b on the sprinkler head 1 of the
present embodiment have an equal diameter, and thus

10 water can be sprinkled more substantially uniformly all
over a sprinkling area of any shape and size.

The poiygonal shape is not limited only to the
rhombic shape, as already mentioned above, and any
shape, for example, a triangular or pentagonal shape,

15 can be used. In other words, the shape of the polygon
must be set to meet the shape of a sprinkling area.
Furthermore, number of imaginary lines 9a and 9b is not
parti;qlarly limited. Position and number of the
imaginary circles 9c, that is, distribution pattern of

20 nozzles 2b,. are not particularly limited.
Sprinkled water volume per unit area of the
. " sprinkler head 1 according to the present embodiment
will be described below.

Water sprinkling tests were carried out in the

25 same manner as already described before with a sprinkler
head 1 having a hemispherical part la, S cm in diameter
and a distribution pattern and diameters of only nozzles

2a as shown in Figs. 17 and 18. That is, the sprinkler



respgectively, of the structure of a head cover for the sprinkler head shown
in Figs. 41 and 42. Fig. 44 shows a sprinkled area covered by the
sprinkler head with the head cover shown in Figs. 43A and 43is Sheet Has BeqniRgplaced
45 is a vertical cross-sectional view show ng anot her struct uumw{

cover. Figs. 46A and 46B are a perspective view and a ]
respectively, of other structure of the he g cover. Fig. 47 shows a

sprinkl ed area covered by the sprinkler head with the head cover shown in
Fi gs. 46A and 468

Fig. 48 is a p l\HﬁQ|%%ﬂn°?%%%ss%%flonaFer was sgrxnhgéan afot her
connection nnd%£%§em¥gbéryaégngk about 17¢/min and a water pressure of

about 2 kg/cm2. The distribution pattern and diameters

of nozzles 2a shown in Figs. 17 and 18 were the same as
5 given in Figs. 15 and 16.

Results of sprinkled water volume per unit
area measured under the above-mentioned conditions are
shown in Fig. 19, where a group of curves (a) shows
sprinkled water volume per unit area of the sprinkled

10 head 1, among which the curve O shows the sprinkled
water volume directed toward the centers of four sides
of the square sprinkling area, the curve @ shows the
one directed toward the four corners of the square
sprinkling area and the curve @ shows the one directed

15 toward the intermediate segments betw;en the centers of
the four side and the four corners of the square
sprinkling area.

On the other hand, a comparative spriﬁkler
head was tested in the water sprinkling tests to measure

20 the sprinkled water volume per unit area. The
comparative sprinkler head was prepared under the same
structure and conditions as shown in Figs. 17 and 18,
except number of nozzles per imaginary line was equal
throughout all the imaginary lines, and all the nozzles

25 on the comparative sprinkler head were set to have the
same total nozzle opening area as that of all the

nozzles 2a on the present sprinkler head 1.



covet and the sprinkler head. Fig. 49 is a parti al
cross-sectional 5 view show ng other connectlon moueShgsd RQﬂpe
cover and the sprinkler head. Fig. 5
cross-sectional view showi ng further connectio the head
cover "~ and the sprinkler head. 10 - 61 - Figs. 51A and 51B are a
vertical cross- sectional view show ng further connection node between
the head cover and the spydinidiigd Reashr arslum@erseectnie area vfewhef the
head cover shown in Fig. 51A, respectively. Fi gs. 52A, 52B,
52C and 52D a@@m@@ﬁgﬁﬂdéﬂspﬂﬁhwlérmhezﬁtvmnaésvléapehdanQOStthE further
connecti on node between the head cover and the sprinkl er head,

vertical and hariedicl of assteecdpoimklingwsasfshoen by a group of

vertlcal

curves (b) as dotted lines in Fig. 19, among which the

5 curve @ shows sprinkled water volume directed toward
the centers of the four sides of the square sprinkling
area, the curve ® shows the one directed toward the
four corners of the square sprinkling area, and the
curve ® shows the one directed toward the intermediate

10 segments.between the center points and the corners of
the square sprinkling area.

As is evident from Fig. 19, the present
sprinkler head 1 can sprinkle water substantially
uniformly all over the square sprinkling area, whereas

15 the comparative sprinkler head has var}ed sprinkled
water volumes pef unit area, depending on the sprinkling
directions. Furthermore, the comparative sprinkler head
has a larger sprinkled water volume per unit area in the
zone near the sprinkler and a decreasing sprinkled water

20 volume per unit area with increasing distance from the
sprinkler. Thus, the comparative sprinkler head fails
to conduct uniform water sprinkling.

Embodiments according to the fourth aspect of
the present invention will be described in detail below:

25 In Fig. 20, which is a plan view of the
surface of the hemispherical part la of the sub-
stantially hemispherical sprinkler head 1, as viewed

from the vertex side (Fig. 21 is an elevation view



spri‘'nkl er head shown in Fig. 52A, and a hori zontal cross-secti onal
view of the head cover shown in Fig. 20 52A respectively.

Figs. 53A, 53B and 53C are a perspective view showi ng still further
structure of the head cover and partial horizontal cross-sectional
views show ng still further connectlogznpdes bet ween the head cover
and the 25 sprinkler head, respectively. Figs. 54A and 54B

cover and a - EREEEPENal ALY Foaettite chAT S S RRANFRGTEER
zones 5, provided substantially in parallel to a first
imaginary straight line 8 passing through the vertex 3
of the substantially hemispherical sprinkler head 1,

S where the first imaginary straight line 3 is shown by a
two—-dot chain line. That is, the nozzles 2 are formed
in each of the strip zones 5 and 5 provided on both
sides along the imaginary straight line 8. In Fig. 20,
each of the strip zones 5 are formed between two second-

10 ary imaginary straight lines Sa and 9b substantially in
parallel to the first imaginary straight line 8, where
the second imaginary straight lines S%a and 9b are shown
also by two-dot chain lines.

As shown in Fig. 22, which is a vertical

15 cross-sectional view to the first imaginary straight
line 8 passing through the vertex 3, the strip zones 5,
each between the second imaginary straight lines 9a and
9@, are so provided as to satisfy the following condi-
tions: the imaginary second straight lines 9a near the

20 wvertex 3 are provided so as to satisfy such a condition
as 15° = o s B85°, where a is an angle of elevation of
the second imaginary straight lines 9a to the center or
symmetrical center O of the hemispherical part 1la,
whereas the second imaginary straight lines 9b far from

25 the vertex 3 are so provided as to satisfy such a condi-
tion as 0° = 8 = 60°, where B is an angle of elevation
of the second imaginary straight lines 9b, where such a

condition as @ < B must be also satisfied. Thus, the



- 332 further connection node between the head cover and the sprinkler

head, respectively. Fig. 55 is a vertical cross-sectional view show ng
‘@ positional relationship among the head cover, the packing and the
sprinkl er head. Figs. 56A and 56B argia-perspective view and a pl an
view, respectively, of still further structure of the head cover.

Fig. 57 shows a fl ?¥qu the €inh blf the head
cover shown in ?35 w?ﬁé&{&n?t? @éjdb]}/:rll g%; r§ﬂié st %nggrgéwa
perspective vi ew,an @3 g dr W s d ERELE Y Vﬁhﬂglﬁérftstkaighk:hgrm%tsr wef ur e

of the head cover. Fig. 59 shows a sprinkling area covered by the
sprinkl er head wfh ég%éyﬁyjdgn@x @@ow@o;npfégéragﬁﬁ apd 88Bgse. Fi g.

60 is a vertlcal cross-sectional view showing t
In the case of sprlnkllng water to, for

5 example, various vegetables or flowers planted on the
ridges, or to linearly planted trees, water sprinkling
even to sprinkling-unwanted areas such as spaces between
the lines of trees, etc. can be saved by providing the
strip zones 5 so that the above-mentioned conditions can

10 be satisfied. Thus, the volume of sprinkling water can
be reduced. That is, the volume of wasted water can be
’ reduced. Furthermore, by selecting angles 6f elevation
of 15°-85° for the strip zones, impact forces of
sprinkled water droplets on the soil surface of a

15 sprinkling area can be made smaller. ?hat is, water
sprinkling can bé carried out without rebounding of
sprinkled water droplets from the soil surface, result-
ing in gentle water sprinkling. More specifically, the
angles of elevation for the strip zones must be selected

20 in view of, for example, size of a sprinkling area, a
distance from the sprinkler to the desired water

" sprinkling area, nozzle diameter, etc.
Nozzles 2 formed in the strip zones 5 have
increasing diameters with increasing distance from the

25 vertex 3. That is, nozzles 2 can be formed so that
their diameters can be successively larger with
increasing distance from the vertex 3 or so that several

adjacent nozzles 2 can have an equal diameter.



spri hkl er head according to one enmbodi nent based on a eighth aspect of the
present invention. Figs. 61 and 62 are a vertical ThisGH&t BRHERBhced

view showi ng the essential part of the sprinkler head acco r
enbodi ment of the present invention, and a gerspective Vi eWHﬁMﬂaﬂwgﬂgpe
of the filter to be provided at the sprinkl®e# Thead. ;
perspective view show ng anot her shape of the filter according to the
present invention. The pattern of the strip zones 5 gm the waterfjg.
64 is a vertical cross-sectional view show ng a

head 1, as shown in Fig. 20, that is, a pattern of
nozzle distribution, illustrates such an example that
the desired sprinkling area is in a rectangular shape,

s that is, a strip shape. Thus, the pattern of nozzle
distribution is not limited to the one shown in Fig. 20.

In the present embodiment, diameters of nozzle
are set to, e.g. 0.4 mm to 0.8 mm. Since one strip zone
5 is provided on each side of the first imaginary

10 straight line 8 passing through the vortex 3 of'the
sprinkler head 1, the single sprinkler head 1 can
sprinkle water onto two sprinkling zones at the same
time by perpendicularly providing the sprinkler between
the two sprinkling zones, when the sprinkling area 1is

15 divided into the two sprinkling zones.

Since the strip zones 5 are each provided in a
range of angles of elevation of 15° to 85° and the
nozzle diameters are formed in a range of 0.4 mm to 0.8
mm, impact forces of sprinkled water droplets on the

20 soil surface of a sprinkling area is made smaller and
gentle water sprinkling can be carried out without
rebounding of sprinkled water droplets from the soil
surface. That is, there are no such fears that the sown
speeds will flow away from the soil or the roots will be

25 exposed from the soil by the sprinkled water to inhibit
the growth of plants.

Sprinkled water volume per unit area of the

sprinkler head. 1l according to the embodiment based on



noci fication of the sprinkler head. Figs. 65 and 66 are a plan view
and an el evation view, respectively, of a sprinkler head according to one
£enbodi nent based on a ninth aspect of the present invention. Fig. 67
is a schematic el evation view showing a |d g4 d sprinkler with the '
sprinkler head shown in Figs. 65 and 66 perpendicul arly provided under

grape vine treldydsesoyre EtY. 0fB8the BrRkantViigWedlt idnsRilkinag area
spri nkl ed mﬁth‘#Le §%$fn I%?pheadcshomm ?n Figs. 65 and 66. Fig. 69

is a profile ofgsdud kb@dpuwab@e distribution in the sprinkling area of the
sprinkler head shown in Figs. 65 and 66 in relation to the distance from

the rise pipe. Fign d@sised ppeihkeiagowireg eonsliattiedn<df et ween
the angl e of nozzle elevation of the sprinkler head shown in Figs. 65 and
66 and the naxigprifelghy ebnepr eakchetavdner & @pfualls rectangular
5 sprinkling area, and the sprinkler was perpendicularly
provided at the desired position between the two
sprinkling zones, all over which water is to be
sprinkled. Thus, a péttetn of strip zones 5, that is,
the distribution pattern of nozzles and nozzle
10 diameters, were set to those given in Fig. 20. The
hemispherical part la of the sprinkler head 1 had a
diameter of 5 cm, the sprinkling water feed rate was
about 14 ¢/min and the water pressure on the nozzles 2
was about 2 kg/cm2.
15 _ The water sprinkling tests were carried out in
| the same manner és already described before. The |
results are shown in Fig. 23, where the curve (a) shows
ghe present embodiment.
Sprinkled water volume per unit area of the
20 conventional water spfinkler head having a nozzle with a
total nozzle opening area equal to that of the nozzles 2
of the sprinkler head 1 of the present embodiment, was
measured under the same test conditions as above. The
results are shown by curve (b) in Fig. 23.
25 As is evident from Fig. 23, the present

sprinkler head can sprinkle water substantially

uniformly all over the sprinkling zones, whereas the



Fig: 71 is a schematic elevation view showing a liquid sprinkler with the

h
conventional sprinkler head perpendicularly providedTh t Renlaged
trellises. Fig. 72 is a schematic view show ng [ N! l t he
present liquid sprinklers in a sprinkling area.

- 35 - Figs. 73 and 74 are'a5§pﬂ nkl ed region and an
over| apped sprinkled region obtained by one and"a_ ,_ plurality of
conventional spAnH@REionaksyrker epyinkler hepdrfpgis ErRE9 OF THE
| NVENTION 5 The present_invention will be described in

detail bel ow, rEFHFPIMgvaERLENSREFNMEhER9and drawi ngs. In

The foregqoing embodiment shows an example of a
sprinkler head 1 capable of sprinkling water to two
5 sprinkling zones at the same time, but the number of the
sprinkling zones all over which the present sprinkler
head 1 can sprinkle at the same time is not limited only
to the two shown above.
In order to sprinkle water to 3 sprinkling
10 2zones at the same time, three strip zones must be
provided on the sprinkler head. However, when water is
to be sprinkled to various vegetables or flowers planted
on ridges or to lines of linearly planted trees, etc.,
it is preferable to provide at least one strip zone at
15 each side of the imaginary first straight line 8. When
a plurality of strip zones are to be formed, a relative
positional relationship of the strip zones is not
particularly limited.
Embodiments according to the f£ifth aspect of
20 the present invention will be described in detail below:
In Fig. 24, which is a plan view of the
surface of the hemispherical part la of the
substantially hemispherical sprinkler head 1, as viewed
from the vertex side (Fig. 25 is an elevation view
25 thereof), a plurality of nozzles 2 are formed in a
rectangular zone 5 enclosed by two first imaginary
straight lines 9a substantially in parallel to each

other, as shown by two-dot chain lines, and by two



the-foll ow ng description, enbodinents will be des- cribed, referring
to water as a sprinkling liquid, that Is, to a water sprinkler as a
Isiquid sprinkler. 10 A water sprinkler as a liquid sprinkler
shown in the foll ow ng enbodi nents, cong+ ses a rise pipe 11 to
which water is fed froma water distributor pipe 10. The rise pipe 11

i s perpendicul arly, Ipal ded ?ﬁagy stra@@ﬁtri‘in'e%c@b' Qe sedlesid eghsOi |
surface for water sprln% Ing, that 's, a sprinkling area. A sprinkler

head 1 is detaCW%%b%E“&ﬁEﬁQnQPytQE:EQBhQ”QLQEstb% ainge 9a sub¥tentidally
through a fixing Ji1g 12 fixing jig 12 has a screw part, that 1s,

a femal e screw pay¢ énpigﬁeomgw and shbetdndWallly GO ERERIIIE NS OeSEh ew
part |b, that is, a mal e sCrew part, as shown in Fig. 3, of the
spri nkl er heﬁghér, as shown by two-dot chain lines. The vertex 3
5 locates in the rectangular zone 5. That i1s, the nozzles
are provided in the rectangular zone 5 enclosed by the
first imaginary straight lines 9a and the second
imaginary straight lines 9b. As shown in Fig. 28, which
is a vertical cross-sectional view of the sprinkler head
10 through the vertex 3 and vertical to the first imaginary
straight lines S9a, the rectangular zone 5, that is, the
first imaginary straight lines %a, are provided so as to
satisfy the following condition.
The first imaginary straight lines 9a are
15 provided so that their angles of elevation o to the
center or symmeﬁrical center O of the hemispherical part
la can satisfy such a condition as 30° = a < 90°,
preferably 45° S a < 90°,
Furthermore, as shown in Fig. 29, which is a
20 vertical cross-sectional view of the sprinkler head
through the vertex 3 and vertical to the second
imaginary straight lines 9b, the rectangular zone 5,
that is, the second imaginary straight lines 9b, are
provided so as to satisfy the following condition.
25 The second imaginary straight lines 9b are
provided so that their angles of elevation to the center
Oor symmetrical center O of the hemispherical part la can

satisfy such a condition as 30° = B < 90°, preferably



As shown in Figs. 2 and 3, the sprinkler head 1 conprises a upwardly

protruded, substantially hem spherical part la, a screw part (male
screw part) Ib 25 to be fixed to the fixing jig 12, and a connection part

| c for connecting the substantially henlspherlcal part la to the screw
part |b. The tern1"substant|ally - 36

- hem spherical" herein used neans that the, vertical sectional
shape of the pa#3i°I& (orf 3 -cr&"slasfe‘tﬁ’i‘%’a? ’p‘l‘a‘ﬁ%g’{}éf:}‘g Eefzﬁ’eleﬁe“dtaé\ﬁ ng

surface in Fig. 2) is an approxina eI senl%!rcular sector shape or an
appr oxi mat el y s%n#%lﬂ?bt?éé icular imite

By providing the rectangular zone 5 so as to
satisfy the above-mentioned conditions, water can be
5 sprinkled constantly from the sprinkler head upward, and
thus water can be sprinkled substantially uniformly all
over a desired sprinkling area. Furthermore, since the
nozzles 2 are formed in the rectangular zone 5, water is
never sprinkled from the sprinkler head 1 downward.

10 More specifically, the angles of elevation a an@-B can
be selected according to the size of a sprinkling area,
diameter of nozzles, distances between the perpendic-
ularly provided sprinklers, etc.

A distribution pattern of nozzles 2 formed

15 within the rectangular zcone 5 is not particularly
limited, that is, not limited only to the distribution
pattern shown in Figs. 24 and 25. For example, as shown
in Pigs. 26 and 27, the distribution pattern of nozzles
2 can be a pattern where no nozzles 2 are provided at

20 the corners of the rectangular zone 5. The distribution
pattern shown in Figs. 26 and 27 is suitable for
sprinkling water onto a circular sprinkling area.

The diameter of nozzles 2 is not particularly
limited, but preferably is in a range of 0.1 mm to 2.0

25 mm, because small water droplets can be sprinkled from
the nozzles 2 having nozzle diameters in the above-
mentioned range and can be suspended in the air for a

long time, whereby sufficient heat exchange can be



sector shape. The connection part Ic is in such a shape that the
sprinkler head 1 can be easily engaged with or disengaged fromthe fixing
jkg 12, for exanple, in an octagonal shape, as viewed fromthe overhead of
the sprinkler head, as shown in Fig. 2. Aplgyality of nozzles 2 capable of
sprinkling water onto a soil surface, etc. are provided on the

substantially hesdsphedi 6at Batiebd thdnhakeel d1052le8s Ars vMY air.
particularly limted, and the size of the sprinklér head is al so not

particularly |ingi&d. the diamé€eshe¥nnbrzEied 22.isa splalnald tthad 0\OZzimes 2
capabl e of sprinkling water are fornmed on the sprinkler head 1 provided at

the top end of tdecétséroppetsdlsphiaugedt fech sutt inozzlzs anditllie be too
sprinkling distance of sprinkled water droplets can be set as desired by

sel ecting a nozzémallianehér thas shgl eatk ndzzpe iekaed war eand ol unes efer
pressure on the nozzles in conbination. The rise pipe 11 can be
perpendi cul ard y isetrtwidldbei ted Lowat resudtimgsdin inwufffdeiettc. heat
(sprinkling area), but it is preferable to set it at the center or corner
in the sprinklinxenaagsobasweenecabeel yaseredropledszland the air. When
the diameter of nozzles 2 is larger than 2 mm on the
other hand, the water droplets sprinkled from such
nozzles will be extremely large, aﬁd will soon fall
10 downwards. That is, the water droplets cannot be
suspended in the air for a long time. 1In the present
embodiment, nozzle diameters are set to 0.4 mm to 0.8
mm, but are not limited thereto. Thus, water can be
sprinkled constantly from the sprinkler head 1 upward,
15 and can be suspended in the air for a long time,
ensuring sufficient heat exchange between the water
droplets and the air.
Sprinkled water volume of the sprinkler head 1
per unit area and effect thereof on the prevention of
20 frost damage will be described below.
A sprinkler with the present sprinkler head 1
was perpendicularly provided at the center of a
rectangular sprinkling area, 10 m x 5 m. Distribution
pattern and diameter of nozzles 2 in the rectangular
25 zone 5, as shown in Fig. 24, were used, where diameter

of the hemispherical part la of the substantially

spherical sprinkler head 1 was 5 cm, sprinkling water



- 37 - di aneter, an angle of nozzle elevation and a water

pressure on the nozzles in conbination. The nozzl e di aneter
Jjs not particularly limted, but a nozzle diameter of 0.1 mMmmto 2 nm
is 5 preferable. By selecting the noz;lg di_ameter fromthe
above-nentioned range, the water droplets 8rink|ed t hrough t he
nozzl es can be _nmade snall er

droplets on t h€ 888 [Fa& f %g?&%h?/&fggghﬁn?fFﬁgoégggsggﬁtngn@%%rmeaker.
dropl et s {rom FRERET 2AIME S VHEATRD nozsic  diamster IS less than
i gh'y take & | fog oWASET eREFTFETREES: MAFE FTESTS ofy oy Yo
same manner as already described before. Results are
5 shown in Fig. 30, where the curve (a) shows results of
the present sprinkler head 1.
On the other hand, the sprinkled water volume
per unit area of the conventional water sprinkler having
a nozzle with a total nozzle opening area equal to that
10 of the present nozzle head 1 was measured at thg same
time under the same conditions as above but the angle-of
the sprinkler head was changed in three stages (that is,
measurements were conducted at three different angles).
Results are shown in Fig. 30, where a group of curvés
15 (b) shows the results of the conventicnal water
sprinkler, i.e. each of curves in the group (b) corre-
sponds to each changed angle of the sprinkler headlof
the conventional water sprinkler.
As is evident from Fig. 30, the present
20 sprinkler head 1 can sprinkle water substantially
uniformly all over the sprinkling area, whereas the
conventional water sprinkler fails to conduct uniform
water sprinkling.
Effect on the prevention of frost damage was
25 Linvestigated in a tea garden as a sprinkling area by
water sprinkling under the following conditions.
Tests were carried out in an area, 10 m x 5 m,

in a tea garden provided with the present water



15 distance. Furthernore, sprinkled water volume per unit area may
be so small that sufficient water sprinkling in the sprinkling area
cannot be attained. Wen the nozzle dianmeter is nore than 2 mm on the
ot her hand, the water droplets nmay be so |large that the inpact 20
force of the wat er droplets on the soi iI7slkface of a sprlnkllng area
w Il be stronger, and rehounding o wat er_droplets fromthe soi]|

surface, etc. SRFFPkﬂsﬁeW1th H@eaéQrHﬂ§&ﬂﬁlqﬁfqr%af?eﬁﬂ?w%@?%ﬁﬁd%@uEFe

gentle water prinklin U of nozgzle el evation
s not PAFERCUMBARR Mhbk 86 hRREINaSten, AREATRG 10 40 Giesent
froma range of 20[err] . to less than 90[err]. B electln t he angl e
of nozzle el e@&??oh FPémltnhémé’&g\?é r?erﬁq'on'éij ¥ $m, in the tea

garden, provided with the conventional water sprinkler

5 at the center of the area (which will be hereinafter
referred to as "comparative area"). These two area were
sprinkled with water constantly every night under the
same conditions. On the day when the climatic tempera-
ture was lowered to less than -2°C from the midnight to

10 early morning, tea leaves and leaf buds of tea trees
planted in both of the present area and the compérative
area were inspected in the afternoon and compared with
one another. It was found that the tea trees planted in
the present area were not damaged with frosts at all and

15 were in a sound state, whereas those planted in the
comparative area suffered from changes in color into
brown or withering of some leaves and leaf buds. That
is, frost damages of tea trees were observed in the
comparative area, and were particularly remarkable in

20 the region near the water sprinkler.

Furthermore, a difference in the average

-climatic temperature was observed during the nights
between the present area and the comparative area. That
is, the average climatic temperature in the present area

25 during the nights was higher than that in the compara-
tive area. As is evident from the difference in the
climatic temperature, sufficient heat exchange occurred

between the water droplets sprinkled from the present



- 38 range, there is no hitting of sprinkled water droplets onto
the soil surface of a sprinkling area due to the m@he$wEHeﬁ&mukmm&ﬂthe

nozzl es. Thus, water can be gently sprinkled without
water droplets 5 fromthe soil surface, etc. Wen th | e
elevation is less than 20[err], sprinkled Water droplets may hit the
surface of the sprinkling area due to the wat er pressure on the
nozzl es, resul $pninkheanheadr aadethe aiim twheiegsmcoo feuféichenteheait
surface of the 10 sprinkling area and occurrences of water droplet

reboundi ng froexthangei bcsurtadepbedweernThie water droplehanspribakded:|y
spri nkl ed.

from the conventional water sprinkler and the air.
Embodiments according to the sixth aspect of
5 the present invention will be described in detail below:
In Fig. 31, which is a plan view of the
surface of the hemispherical part la of the substan-
tially hemispherical sprinkler head 1, as viewed from
the vertex side (Fig. 32 is an elevation view thereof),
10 a plurality of nozzles 2 are formed in two divided zones.
of the substantially hemispherical sprinkler head 1,-
divided by an imaginary straight line 8 passing through
the vertex 3 of the substantially hemispherical
sprinkler head 1, as shown by a two-dot chain line, the
15 nozzles 2 in one of the two divided zones, as shown by
the upper divided zone over the first imaginary straight
line 8 in Fig. 31, has a denser nozzle distribution with
increasing distance from the vertex 3, while the nozzles
2 in other divided zone, as shown by the lower divided
20 zone below the first imaginary straight line 8 in Fig.
31, has a sparser nozzle distribution with increasing
distance from the vertex 3. That is, the nozzles 2 are
formed in a zone 5 enclosed by two second imaginary
lines 9 intersecting a first imaginary straight line 8
25 Ppassing through the vertex 3 of the substantially
hemispherical sprinkler head 1 substantially at a right
angle and substantially in parallel to each other, as

shown by two-dot chain lines; the zone 5 is further



GEne?aIIy, It is known that water droplets can proceed in the air
agai nst resistances proportional to 15 the square of their speeds, and

thus the sprinkled water dropl ets can proceed farthest when the angle
of nozzle el evation is set to about 30[err], exactly 27[err], while
t he wat er pressure and the nozzle 4 ameter are constant. As to

the sprinkling distance of water droplets, such a 20 relationship as
Ylerr]/Y[err] @&ividedointd twoesudzionsisedy whe £irst Magsnargprinkling

di stance when the angle_of nozzle elevation is set to 30[err] and Y2
is a sprinklingteaighhcdine 8;withe respeasfivefdivided sibzones aseset to
60[err], while the water pressure and the nozzle dianeter are
constant. 25 FuFthernBividedeeqgh Hated twe subhgeagstians ki an oceed

far with increasing nozzle_dianeter_. and with the resulting decrease in
the spreading hmggénaﬁgneggépﬁ@térdrawn by a segment of a line between

5 two intersections of the first imaginary straight line 8
aﬁd.the two second imaginary straight lines 9 as the
line of upsides. 1In Fig. 31, the imaginary ellipse 6 is
shown by a two-dot chain line. That is, the zone 5 is
divided into 4 subsections 5a, 5b, 5c and 54. The

10 nozzles 2 in the subsection 5a outside the imaginary
ellipse 6 in one of the subzones, i.e. the uppe? subzone
above the first imaginary straight line 8 in Fig. 31,
have a larger total opening area than in the subsection
5b inside the imaginary ellipse 6, while the nozzles in

15 the subsection 5d outside the imaginary ellipse 6 in
other subzone, i.e. the lower subzone below the first
iﬁaginary straight line 8 in Fig. 31, have a smaller
total opening area than in the subsection 5¢ inside the
imaginary ellipse 6.

20 Relationship in the magnitude between the
total nozzle opening area of nozzles 2 in the subsection

- 5b and that in the subsection 5¢c is not particularly
limited and the positions of the second imaginary
straight lines 9 and a ratio of the line of upsides to

25 the minor axis of the ellipse 6 are not particularly
limited. The zone 5 may not include the vertex 3.

The nozzles 2 formed in the zone 5 have

increasing diameters with increasing distance from the



pressure on the nozzles and the angle of nozzle

- 39 - el evation are constant. Furthernore, the spreading angl e
of water droplets is increased with increasing sprinkling distance,
and thus the sprinkling coverage is _bygadened. That is, when the water

pressure on the 5 nozzles and the nozzle dianeter are constant, the

sprinkling COV%F%%%JJ 3 naed 4 [hd %%géféegaaeghe fbe succl¥Eive LY or

el evation, resulTti ng In an I ncrease wat er volu

uni t area. Q%g?ronglr}éﬁman{ete:ti@.r?ﬁiﬂ]ﬂ:??a%‘ﬁ g't%%ep%rmm{]ne@rea

substantlally I'S necessary, make t
vertex 3 and several adjacent nozzles 3 may have an

equal diameter to one another.

5 A distribution pattern of nozzles 2 on the
sprinkler head 2 sﬁown in Fig. 31 illustrates such an
example that the shape of an inclined sprinkling area is
a square. Thus, the distribution pattern of nozzles 2
is not limited only to that shown in Fig. 31, and any

10 distribution pattern of nozzles 2 is applicable so long
as it can satisfy the above-mentioned conditioh'for the
total nozzle opening area. That is, the distribution
pattern of nozzles 2 can be selected in view of a degree
of inclination and size of an inclined sprinkling area,

15 diameters of nozzles 2, etc.

In the present embodiment, diameters of
nozzles 2 are set to, for éxample, 0.4 mm to 1.3 mm, but
the distribution pattern and diameters of the nozzles 2
are not limited to those given above.

20 In the case of sprinkling water onto an
inclined sprinklinglatea, the sprinkler must be perpen-
dicularly provided so that the subsection 5a can be
faced to the downward side of the inclined area, whereby
the volume of water sprinkled to the downward side of

25 the inclined area can be made larger than that to the
upward side of the inclined area. Furthermore, the
sprinkling distance of water droplets can-be selected as

desired by forming the nozzles 2 in the above-mentioned



di aneter of nozzles forned at an angle of nozzle el evation of 60[e

smal l er than that of nozzles forned at

rr

30[err]. Wat er pressure on the nozzles is not 15
particularly limted. 1In the case the liquid sprinkler, that is, the
rise pipe, is directly connected, for- 75 _exanple, to the ordinary water
pi pe (tap water pipe) the avail able water pressure is 1 to
approximately 2 cnR. Water _pressure on the nozzles can be changed,
20 when deS|HQYQQnFQFI¢ﬁﬁ+ﬂe$ré§§b+§géhﬁﬁgﬂﬁ§l#@§n§?9%%1 as a punp,

an angl e of nozzle el evation of

a

pressure reducing val ve, a gate valve, Eﬁ whi ch can change t he water
éﬁﬂ@é Fee ¢

pressure in a desired r

to 2 kg/cnR.

25 wat er droM@ﬁQPk%ﬁFU%“s%?ea§°aés?Pé

)

10

15

20

25

e the ;%pag;a £; o5 ipdglamd wakes er abl
e the rinkling distance and direction
§g5§ eé #§cd1ned sprinkling
area can be lowered by selecting the diameters of
nozzles 2, thereby making the sprinkled water droplets
smaller, water can be gently sprinkled even onto the
upward side surface of the inclined sprinkling area
without hitting the soil surface by the sprinkled water
droplets, that is, without rebounding of the water
droplets from the soil surface. Thus, the sown seeds

never flow away from the soil or leaves or stems are

never damaged or plant growth is never inhibited

'thereby. Thus, the_sprinkler head 1 of the present

embodiment is very suitable for water sprinkling onto an
inclined sprinkling area. '

Sprinkled water volume per unit area of the
present sprinkler head 1 will be described in detail
below:

As shown in Fig. 33A, an inclined sprinkling

area 15 was in the shape'of a square of given size and

 the rise pipe 11 of the present sprinkler was’

perpendicularly provided subsbantlally at the center of
the inclined sprlnkllng area 15 to snrlnkle water all
over the inclined sprinkling area 15. The distribution
pattern of nozzles 2 in the zone 5, that is, the
distribution pattern and diameters of nozzles 2 were set

to those shown in Fig. 31, where diameter of the

y 1
of



nozzl e diameter, an angle of nozzle elevation, a sector angl e (which
wll be defined later), and a water pressure on the nozzles in
conbi nati on, the present - 40 -
i quid sprinkler can change the sprinkling_d%;tqnce according to the
shape and size of a sprinkling area, and ‘Chus can sprinkl e water

substantially un
size. 5

by a punp, etc.,
and direction of
sprinkling area,

10

15

20

25

e inad ke L8 LRE, sERetREE R hen BB A 6ay

S TR £ s 8 R B g AL 408 Bagpone
giout 17 ¢/min and water pressure on the nozzles about 2
kg/cm2,

Water sprinkling tests were carried out in the
same manner as already described before, and thg results
are shown in Figs. 33B and 34, where curves (a) shows
the results of the present sprinkler head 1. Aas is
evident from Figs. 33B and 34, there is no difference in
the sprinkled water volume per unit‘area between the
upward side and the downward side of the inclined
sprinkling area 15.

- On the other hand, the conventional water
sprinkler having é nozzle with a total nozzle opening
area equal to that of the sprinkler head 1 was subjected
to the same water sprinkling tests in the same manner
under the same test conditions as above, but the angles
of the conventional sprinkler were changed in three
stages (that is, the measurements were carried out at
three different angles). The results are shown by a
group of curves (b) in Figs. 33B and 34, i.e. each of
curves in the group (b) corresponds to each changed
angle of the sprinkler head of the conventional water
sprinkler. It was found that there was difference in
the sprinkled water volume in unit area between the
upward side and the downward side of the inclined
sprinkling area 15, that is, the sprinkled water volume

per unit area is larger on the upward side of the



degree of freedomin conbination of the nozzle dianeter, 10 the angle of
nozzl e el evation and the sector angle can be enhafigefdet Has Been Replaced

Procedure for selecting a nozzle dianeter and an

el evation by cal culation and test will be descri qummm‘ma 0,
specific cases. 15 It is presqgned as condi t' e ™

sel ection to sprinkle water all over a square of 10 mx 10 _m as a
desired sprinkl inglaned Bphﬁm&iﬁnguﬁﬁﬁﬂe#ﬁyt%ﬁév?ﬂiﬁﬁead°w“waFﬁs§ﬁaﬁxa11
(Fig. 1) at the center 0 of the sprinkling area 1, as shown in Fig. 9.
Wat er pressure themeofl.es 2 20 on the sprinkler head 1 is set to 2 kg/cn2.

Nozzl e di aneter and angle of nozzle elevation_. ca ablg Sf 3@ I_nkl i ng
aréa, ne,

water all over a one-ei gh®s dsgiesrident fFomnRigHri 3RBi AP a zone
defined by a .
present sprinkler head 1 can sprinkle water

5 substantially uniformly all over the inclined sprinkling
area 15, whereas the conventional water sprinkler fails
to conduct uniform water sprinkling.

In the foregoing embodiment, a sprinkler head
1 capable of sprinkling water all over an inclined
10 sprinkling area of sguare shape has been illustrated,
but the shape of an inclined sprinkling area to be
sprinkled with the present sprinkler head 1 is not
limited only to the illustrated square shape, but can
also include any desired other shape, such as polygonal

15 shapes including a rectangular shape,fa circular shape,
an elliptical shape, etc. Combinations of distribution
pattern and diameters of nozzles 2 &an be selected in
view of a degree of inclination and size of an inclined -
sprinkling area, a sprinkling water feed rate, etc.

20 Embodiments according to the seventh aspect of
the present invention will be described in detail below:

According to a first embodiment as shown in
Figs. 35 and 36, nozzle 2 are formed along concentrical
lines from the vertex 3 of the substantially hemi-

25 spherical sprinkler head 3 as a center. The nozzles 2
formed along the same concentrical lines, i.e. at the
same angle of nozzle elevation to the center of the

hemispherical part la have the smallest diameters at



triangle OAB in Fig. 9, are determ ned, because, once 25 the nozzle

di aneter and the angle of nozzle elevation capabl e of sprinkling water
al | "over the region defined by the triangle OAB are determ ned, a
nozzl e di anet er and an angl e of nozzlﬁ el evation capabl e of sprlnkllng
- 41 - wat er all over other reglons 8- I's, the entlre sprinkling
area 1, can be likew se sinply deter I rst, water
sprinkling ontBoﬁﬁélgéénéﬁﬁqﬁﬁt to u%r&@??%%ﬁ@YeltﬁBS 4I§u5b studi ed. As
shown in Fig. the se B IS lVIded 5 e ments and
it is set to sEFPﬁﬁPélﬁdtéP A ?ﬂeLge s§8¥3e" OF HHE

hemispherical part la from the vertex 3 downwards at an
angular distance of 90° to one another and have

5 4increasing diameters with increasing distance from the
imaginary lines 4. Diameters of nozzles 2 formed along
the.concentrical lines increase in a substantially
constant ratio with increasing distance from the
imaginary lines 4. That is, the nozzles 2 along or at

10 positions nearest to imaginary central lines 5 each
locating at equal distances from the two adjacent
imaginary lines 4 have the largest diameters, whereas
the diameters of nozzles 2 decrease with increasing
distance from the imaginary central lines 5, and are the

15 smallest along or at positions nearest to the imaginary
lines 4. Furthermore, total nozzle opening area of
nozzles 2 formed along the same concentrical lines
increases with increasing distance of the concentrical
lines from the vertex 3, that is, with decreasing angle

20 of nozzle elevation. That is, the total nozzle opening
area of nozzles 2 formed aiong the farthest concentrical
line from the vertex 3 is larger than that of nozzles 2
formed along the nearest concentrical line to the vertex
3. Total nozzle opening area of nozzles formed along

25 the concentrical line in the intermediate region is
larger than that of nozzles 2 nearer to the vertex 3

and smaller than that of nozzles 2 farther from the

vertex 3.



respective points A, B, C, D, E and F fromthe respecti ve nozzl es.

Di stances fromthe | ocation point O of the rise pipe (sprinkler) as
the center to the 10 respective points Ato F are as follows: distance OA
=5 [err] 7 m distance OB = 5 m distake OC 6.4 m di st ance
0D - 5.8 m distance CE = 5.4 m and di stance OF=51m Angle <AGB =
45, <ACC 6, <AOD 14patterxAtE imagierry didesAGk en3ghe sprfgee of
following 15 description, the segnent OA is deened to be a base |ine,

and the above- nehei enbd tamnd issl bethemhsphred cadgrapr snkler haddyhass sfasm

OA ar.e defined as "sector angles". Angl es of elevations of
nozzl es capabl einf Figs. 9%, kiamngisat ar disgrdbiutuiet ypabtens ofsperdlas
points 20 Ato F, (the nozzles will be hereinafter referred to as

nozzles a, b, c2,dshewancr exampket thakytha shape of a sprinkling area
5 is a square. Thus, the pattern of nozzles 2 is not
limited only to the.pattern shown in Fig. 3S.

In the present first embodiment, diameters of
nozzles 2 on the substantially hemispherical had are
selected as follows:

10 At first, description will be made of the
region enclosed by the imaginary line 4a and the
imaginary central line 5a. As shown in Fig. 35 and
Table 3, 6 nozzles 2 are formed along a concentrical
line o at an angle of elevation of 27°, which is the

15 farthest from the vertex 3, according to angles between
the imaginary line 4a and each of the segments from each
of nozzle centers to the vertex 3, which will be herein-
after referred to as "sector angles".

Diameters of the nozzles 2 are 0.4 mm for

20 nozzle al at a sector angle of 0° locating on the
imaginary line 4a, 0.5 mm for nozzle a2 at a sector
angle of 9°, 0.6 mm for nozzle a3 at a sector angle of
18°, 0.7 mm for nozzle a4 at a sector angle of 27°, 0.7
mm for nozzle a5 at a sector angle of 36° and 0.8 mm for

25 nozzle o6 at a sector angle of 45° locating on the
imaginary central line 5a with increasing distance from

the imaginary line 4a.



cal eul ated. As described above, the water droplets can proceed

farthest froma nozzle at an angle of nozzle el evati on of about 30,
exactly 27[err], when the water 25 pressure is constant, and thus the
angl e of el evation of nozzl e a capable of sprinkling water to the
farthest point A fromthe sprinkler location O is set to 30[err].

- 42 - Tests for determ nimy &he di ameter of nozzle a

were carried out at an angle of elevation of nozzle a of 30, and it was

found that water could bdikewide edd nozapesoXd ratel fornmedhalpsgtanohen
t he di ameter of nozzle
concentrical line B at an angle of elevation of 60°,
which locates in the intermediate region, and diameters
of the nozzles are és follows: in the direction from
5 the imaginary line 4a toward the imaginary central line
5a, diameters are 0.4 mm for nozzle Bl at a sector angle
of 6°, 0.4 mm for nozzle 82 at a sector angle of 17°,
0.5 mm for nozzle 83 at a sector angle of 28° and 0.5 mm
for nozzle B4 at a sector angle of 40°. Diameters of
10 nozzles 2 formed along a further concentrical line y at
an angle of elevation, which is the nearest to the
vertex 3, are as follows: 0.3 mm for nozzle yl at a
sector angle of 11° near the imaginary line 4a and 0.4
mm for nozzle Y2 at a sector angle of 33° near the
15 imaginary central line 5a. The same nozzle distribution
pattern as above is applied to the entire surface of the
hemispherical part la. Thus, there are 4 nozzles al, 8
nozzles a2, 8 nozzles a3, 8 nozzles a4, 8 nozzles a5, 4
nozzies a6, 8 nozzles Bl, B nozzles B2, 8 nozzles B3, 8
20 nozzles B4, 8 nozzles Yyl and 8 nozzles y2. The distri-
bution pattern and diameters of nozzles 2 are not

limited only to those given above.



5 a*was 0.7 mm It is known that when the nozzle dianeter is

constant, the sprinkling distance of water droplets at an angl e of
nozzl e elevation of 30[err] is 1.4 - 1.5 times the sprinkling distance
of water droplets at an angle of 10 nozzle elevation of 60[err], whereas
a ratio of distance OA/ di stance OB = g15-= 1.4. Thus, the dianeter of
nozzle b for sprinkling water approximtely to the point Bis set to
0.7 mmand the angle of elevation of nozdile 3 b is set to 60[err]. 15
When the dianeters and angl es of el evation of nozzles a and b are set
to the above- mentioned figures; Hhe—spr-Hd-rgra-stance—pf—water
droplets at an gngl e of nozzIHoehéaaii@mcﬁbr30 diphetter7| mRakRk hat at
60[err] is 5 m that is, its|difperengggie t#g!di ghance | snimbet= |7 -

Concentrical al 0 0.4 4

line a a2 9 0.5 8

(Angle of c3 18 0.6 8

elevation: 27°) ad 27 0.7 8

asS 36 0.7 8
a6 45 0.8 4

Concentrical Bl 6 0.4 8

line B B2 17 0.4 8

(Angle of 83 28 0.5 8

elevation: 60°) B4 40 0.5 8

Concentrical

line ¥ vl 11 0.3 8

(Angle of Y2 33 0.4 8

elevation 80°)

Water sprinkling tests of the above-mentioned
sprinkler head 1 were carried out on a sguare sprinkling
area 6, 10 m x 10 m, as shown in Fig. 37A in the same
manner as already described before by perpendicularly

5 providing the sprinkler at the center of the sprinkling
area 6, where diameter of the hemispherical part la was
5 cm, a sprinkling water feed rate about 13 ¢/min. and

water pressure on the nozzles 2 about 2 kg/cm2.

Results of water sprinkling tests will be
10 described on a one-fourth part of the sprinkling area 6,
i.e. a hatched square abcd shown in Fig. 37A. The
results are shown in Fig. 37B, where the zones sprinkled

from the nozzles ol are zones al, those sprinkled from

the nozzles a2 are zones a2, the zones sprinkled from



j20s 5). In other words, when the nozzle dianeter is constant, a

change in the angle of nozzle el evation by 30 will change the
sprinkling distance by 2 m That is, it can be seen that, when the
sprinkling distance of water droplets is in a range of 7 mto 5 m
under the 25 above-nentioned conditions, angangl e of nozzle el evation

must be increased by 1.5 to shorten the sprinkling di stance by 10 cm
For exanple, the {isStade£1&d dF £xr et zones M3, kN Wdmis tdpwikiediSiance OA
(=7 mM by 0.6 m - 43 - t he angle

of elevation of nazglkofzIes sprarkldonpsvaises the zones sprinkled from
the nozzles a5 are zones a5, the zone sprinkled from the
nozzle o6 is zone a6, the zones sprinkled from the
5 nozzles Bl are zones Bl, the zones sprinkled from the
nozzles B2 are zones B2, the zones sprinkled from the
nozzles B3 are zones B3, the zones sprinkled from the
nozzles B4 are zones B4, the zones sprinkled from the
nozzles yl are zones yl, and the zones sprinkled from
10 the nozzles Y2 are zones Y2.

Other parts of the sprinkling area 6 than the
square abcd, that is, the remaining three—-thirds, could
be likewise sprinkled with water substantially uniformly
all over from similar nozzles ol to a6, Bl to B4 and yl

15 to y2. Thus, the entire sprinkling area 6, i.e. square
aefg, could so sprinkled with water by the preéent
sprinkler head with substantially equal sprinkled water
volumes per unit area.

In the foregoing first embodiment, a

20 sprinkling area of square shape has been exemplified,
but the sprinkling area is not limited only to the |
square shape, but can be a rectangular shape, other
polygonal shapes, a circular shape; an elliptical shape
or any other desired shape of any size. That is, a

25 combination of distribution pattern and diameters of
nozzles 2 can be selected in view of the shape of a

sprinkling area, a sprinkled water volume per unit area,

etc.



approximately to the point Cwll be 39[err] (= 30[ery

+ 6.X .
1.5[err]). Likew se angles of elevation of nozzles d, SﬂiIEHaSBeenfReﬁiCEd be
I

calculated to be 48[err], 54[err] and 58.5[err], respe
D aneters of nozzles c to f are each set to 0.7 nm

ctor
angl es and angl es of el evation of no82ies a to f are shown in Table 1.
Water sprinkling tests were carried out by setting di aneters,_sector
angl es and angles of ¥ sestanditerhndifiensof dhe seyantds 2R/ Hhd by
usi ng engi neering plastics conprisin ol yner all oy of .
pol yphenyl enddtehepr 58y el QR Hel l&%n&%g?ﬁﬁbeéo%ioy’ ’fﬁ/f%]f’g%? of
talc on the basis of the polyner alloy as materials for the sprinkler
head. 15  to Figs. T3 V&t%?'sprinkling tests were carried out. by

arranging top-open measyr e boxes; eagh Wi 143, 0O10M e aiseribution

5 pattern and diameters of nozzles 2 formed on the surface
of the hemispherical part la are different from those
given in the foregoing first embodiment shown in Figs.
35 and 36, as follows:

That is, nozzles 2 formed along the same
10 concentrical lines from the vertex 3 of the
hemispherical part la as a center, i.e. ét the same
angles of elevation, have the smallest diameter at
positions nearest to two imaginary lines 4 substantially
extending on the surface of the hemispherical part la

15 from the vertex 3 downwards at an angular distance of
180° to one another and have increasing diameters with
increasing distance from fhe imaginary lines 4.
Diameters of nozzles 2 formed along the concentrical
lines increase in a substantial constant ratio with

20 increasing distance from the imaginary lines 4. That
is, the nozzles 2 along or at positions nearest to an
imaginary central line 5 locating at equal distances
from the imaginary lines 4 have the largest diameters,
whereas the diameters of nozzles 2 decrease with

25 increasing distance from the imaginary central lines 5
and are the smallest along or at positions nearest to
the imaginary lines 4. Furthermore, total nozzle

opening area of nozzles 2 formed along the same



square of 16 cmx 16 cmand a height of 3.5 cmin the triangul ar zone
OAB in the sprinkling area (Fig. 9) cl osely wi thout any cl earances
4+ her.ebetween and by 20 sprinkling water fromthe sprinkler head for 10
m nut es. After the water sprinkling, depth, i.e. depth per 256
cn2, of water stored in the respective néﬁgure boxes was measured. In
the follow ng description, volune of water ored.in pressu&g box
per hour, con@@@ﬁ&@qﬂ}Q%%n¥$n€§S%ﬂCR&%ﬁﬁs[ﬁﬁtquﬁﬂcr%ﬁ%Hngb 3 £
w;ltocr'-,\lrn\ljlo: E?re she :ﬁr&qunSItéélcalp i.ch w I e‘iﬂ?e?}'%t h:ef erre%haq__ 1%, SJJ i.nkl ed
s decreasing angle of elevation.
Diameters of nozzles 2 are selected as
5 follows:
At first, description will be made of the
region enclosed by the imaginary line 4a and the
imaginary central line 5a. As shown in Fig. 38, 11l
nozzles are formed along the concentrical line a at an
10 angle of elevation of 27° according to the sector
angies. Diameters of the nozzles 2 are 0.4 mm fbr
nozzle al locating on the imaginary line 4a at a sector
angle of 0°, 0.4 mm for nozzle a2 at a sector angle of
9°, 0.4 mm for nozzles a3 at a sector angle of 18°, 0.4
15 mm for nozzle a4 at a sector angle of 27°, 0.4 mm for
nozzle aS at a sector angle of 36°, 0.4 mm for nozzle «f
at a sector angle of 45°, 0.5 mm for nozzle a7 at a
sector angle of 54°, 0.5 mm for nozzle a8 at a sector
angle of 63°, 0.6 mm for nozzle a9 at a sector angle of
20 72°, 0.7 mm for nozzle al0 at a sector angle of 81° and
0.8 mm for nozzle all locating on the imaginary central
line 5a at a sector angle of 90° with increasing
distance from the imaginary line 4a. Likewise, 8
nozzles 2 are formed along another concentrical line B
25 at an angle of elevation of 60° according to the sector
angles. Diameters of the nozzles 2 from the imaginary

line 4a toward the imaginary central line S5a are 0.4 mm

for nozzle 8l at a sector angle of 6°, 0.4 mm for nozzle



depth of water stored in one neasure box per hour is 10 mm the

sprinkling intensity in the box is 10 nm Results of water
sprinkling tests conducted under the above-nentioned conditions are
shown in Fig. 5 5 as a sprinkling intensity distribution, which corre-
sponds to a sprinkled water distribution.83s™is evident fromFig. 5,
wat er droplets sprinkled, for exanple, fron1 zzl e a_are distributed
in a narrow z&% &R éhFagher ang]seed?fer;t-’ g;?(rernqq% WX R% ai dth of
about 50 cm 10 and further r dropl et can sprj nkl ed approxi mat e-
ly to the ent Sty AL AP 'a Gk ik 1599 zg'r‘?s 2 G (ﬁ‘pﬁé’rﬁn to 40

[in the . SPALAS 4, 4rhm £o5 H@?&?@"éﬁefﬁ” “k'e§3-ﬂf r°”ﬁ‘aﬁ°”fsfes e

location Oin th,e t({?r}gn efo%%oz"‘.”z]!e' 5)66 SttUdlsec'r;or angle of 62°,

S mm for nozzle B7 at a sector angle of 73° and 0.5 mm for
nozzle B8 at a sector angle of 84¢. Likewise, 4 nozzles
are formed along a further concentrical line y at an
angle of elevation of 80° according to the sector
angles. Diameters of the nozzles 2 from the imaginary

10 line 4a toward the imaginary central line 5a are 0.3 mm
for nozzle yl at a sector angle of 11°, 0.3 mm fdr
nozzle y2 at a sector angle of 33°, 0.4 mm for nozzle y3
at a sector angle 57° and 0.4 mm for nozzle Y4 at a
sector angle 79°. The same distribution pattern and

15 diameters of the nozzles 2 as above are applied to the
entire surface of the hemispherical part la, and the
hemispherical part la on the entire surface has 4 x (11
nozzles al to all, 8 nozzles Bl to B8 and 4 nozzles yl
to yv4). The distribution pattern and diameters of

20 nozzles 2 are not limited orly to those given above.

Water sprinkling tests were carried out with
the sprinkler head according to the foregoing second
embodiment onto a rhombic sprinkling area 7 shown in
Fig. 40 under the same conditions as in the above-

25 mentioned first embodiment. It was found that water
could be sprinkled all over the rhombic sprinkling area

7 with substantially equal sprinkled water volumes per



evi dent fromthe foregoing sprinkling tests that water can be
sprinkled all over the zone distant fromthe sprlﬁk$%mamada£nmﬁh&dby 5

m or nore, and cannot be sprinkled in the zone dlst | ess
than 5 m 20 In order to efficiently sprlnm
zone near the sprinkler location O a segfnt— CH in par

segment AB is drawn fromthe point G 5 mdi stant fromthe sprlnkler

| ocation O asushéwariea. Thaﬂlgsflxheam@mnaﬁ@mCWBQm lads gfifeidted as in
approximately to 25 points | ,. K, L and Mas intersections on the
segment GHbh@i ﬁhowes@@tn&ngn@fi £iost epbpdizeot, comdd ded obtegned.

respectively, fromthe respective nozzles. D stances fromthe
sprinkler location 0 to oféBeasEi aECPSEANg to the eighth aspect of

the present invention will be described in detail below:
5 A distribution pattern of nozzles shown in
Fig. 41, which is a plan view of a hemispherical head 1la
of substantially hemispherical sprinkler head 1, is
directed to such an example that the shape of a
sprinkling area is a square, and thus the distribution
10 pattern of nozzles 2 is not limited only to the pattern
shown in Fig. 41. Fig. 42 is an elevation view 6f the
hemispherical head la shown in Fig. 41. 1In this
embodiment, diameters of nozzles 2 are set to 0.4 mm to
0.8 mm. However, the distribution pattern and diameters
15 of nozzles 2 are not limited to those given above.

As shown in Fig. 41, projections 14 are
provided at positions near the connection part lc of the
sprinkler head 1 to be engaged with a head cover 13 as a
sprinkling inhibiting member. That is, the head cover

20 13 is provided on the sprinkler head 1 to cover a
portion of the nozzles 2 on the sprinkler head 1. The
head cover 13 has recesses 134 for being inserted with
the projections 1d of the hemispherical part la. By
inserting the projections 1d into the recesses 13d, the

25 head cover 13 can be engaged with the sprinkler head 1.
Nozzle opening regions l3a, which are parts of the
hemispherical part la of the sprinkler head 1, are

provided outside the coverage of head cover 13, and



- 45 - to Mare as follows: distance Ol = 4.8 m distance QJ =4.3

m distance K = 3.9 m distance OL = 3.7. m and di stance OM = 3. 6.
.Their sector angles are as foll ows: sector angle AO = 3[err], sector
angle AQ) = 10, sector 5 angle AXK 19, sector angle ACL 29[ err] and
sect or angl e AOM = 40. ~ABgl 8s of elevation of nozzles
capabl e of sprinkling water approxinatelyaﬁb the respective I nt.s

| to M that is,wakey|us c3n he eiggted pRLY fEOM 1Bhe FAFFLED P %"at‘

al ready nentioned above,  when the Mﬁter .__pressure g t he nozzl es and
the nozzl e di amekRg %kEhin theBRFZNE CRERHFI of OPHRLS %?1nkled from

nozzles are In the foregoing embodiment the projections 1d

are provided on the sprinkler head 1, and the recesses

5 13d are provided on the head cover 13 to engage the head
cover 13 with the sprinkler head 1. The present inven-
tion is not limited thereto. That is, recesses 13d can
be provided on the sprinkler head 1 and the projections
can be provided on the head cover 13. Other examples of

10 the procedure for engagement will be described later.

As shown in Figs. 43A and 43B, the head cover

13 can be in such a shape as to cover the circumference
at the connection counterpart of the hemispherical part
la (not shown in the drawings) with respect to the

15 connection part lc (not shown in the Qrawings), where
projections 13e are provided at 4 positions on the head
cover 13 and recesses are provided at the corresponding
4 positions on the sprinkler head 1 (not shown in the
drawings) to insert the projections l3e into the

20 recesses, whereby the head cover can be more firmly
fixed to the sprinkler head 1 and a fear of unexpected
disquagement of the head cover 13 from the sprihkler
head 1 can be eliminated.

The foregoing head cover 13 is to cover the

25 sprinkler head 1 from the outside, but is not limited
thereto. So long as the head cover 13 can inhibit water
ejection from the specific nozzles 2, the head cover 13

can be provided by providing it on the inner surface of



sprinkl ed onto a narrower sprinkling area with _ i ncreasing angl e of
nozzl e elevation, and thus in order 15 to obtain a substantially constant

sprinkling intensity, the diameters of nozzles i to mare set to 0.6
nm whi ch is smaller than the diameters of nozzles a to f, i.e.

0.7 mm Sprinkling tests werggcarried out for 20

determ ning an angle of elevation of nozzle i whose nozzl e di armet er
was set to 0.6 nehel sprbskierndeddal, as sMBwRrigomig, bgs sprinkl ed
approximately to the point | at an angle of nozzle el evation of

50[err]. Wen the tests In ties efcoagbii@defibod IRéLEdT NENY e @b e of
el evation of 25 nozzle m whose nozzle dianeter was set to 0.6 mm it was

found that waterldousdibessghiakskapapps okonabety thetdentral pecHinM at an
angle of elevatigglgi Zggfgé]éf the hemispherical part la, as shown in
5 Fig. 41, but is not limited thereto. Other examples of
the shape will be described in detail later. For
example, the head cover 13 may cover only a one-half of
the entire surface.of sprinkler head 1, as shown in
Figs. 46A and 46B.

10 Structure of the connection between the head
cover 13 ana the sprinkler head 1 will be described in
detail below. For simplification of the description,
the structure is directed to coverage only of an one-
half of the entire area of sprinkler head 1, as

15 mentioned above and shown Figs. 46A and 46B, in the
following description.

As shown in Fig. 48, an elastic bent part 1l3c
is provided by extension from the lower end of the head
cover 13, and the recesses 13d for being inserted with

20 the projections 1ld are provided at positions in contact
with the projections 13c. By inserting the projections
1d into the recesses 13d, the head cover 13 can be
engaged with the sprinkler head 1, when provided on the
outer surface of the sprinkler head. Thus, when the

25 head cover 13 provided on the outer surface of sprinkler
head 1 is pushed downwards from the overhead, the bent
parts l3c are expanded outwardly by the projections 1d.

By further pushing the head cover 13 downwards, the



- 46 - When the dianeters and angl es of el evation of

nozzles i to mare set to the above-nentioned figures, the sprinkling
distance of water droplets is 4.8 mat an angl e of elevation of 50[err]
and 3.6 mat an angle of 5 elevation of 70[err], a difference in the
sprinkling distance is 1.2 m(= 4.8 g93-6), and thus a change in

the angle of elevation by 20[err] will change the sprinkling di st ance

by 1.2 m Thap,, 'og’ec“t‘."l%st he Sd nklddited intd UNGR@sserd a3dand ets is
in a range of "4 mto 6 10 munder the above-nentioned conditions, a
sprinkling  thelieXpaitaRd e petald el dve e wmdvd e s iord ¢ e 1
position before the pushing, whereby the head cover 13
can be firmly engaged with the sprinkler head 1. That
5 is, the head cover 13 can be detachably engaged with the
sprinkler head 1.

It is only necessary that the projections 14
and the recesses 13d havg such a function as to
detachably engage the head cover 13 with the sprinkler

10 head 1. Thus, the sprinkler head 1 can be provided with
the above-mentioned bent part and recesses, whereas the
head cover 13 can be provided with the projections.

Furthermore, as shown in Fig. 49, the bent
part 1l3c of the head cover 13 can be provided with the

15 projections 1l3e (see Fig. 43A) and the sprinkler head 1
can be provided with the recesses le for being inserted
with the projections l3e. Furthermore, the sprinkler’
head 1 can be likewise provided with the bent part and
projections thereon, whereas the head cover 13 can be

20 prov1ded with the recesses.

In place of the structure as shown in Figq. 48,
the structure as shown in Fig. 50 can be employed, where
a projections lﬁ are provided at positions on the
horizontal circumference of the hemispherical part la at

25 a level in contact with the lower end region of the head
cover 13 and the head cover 13 is made from an elastic
material and provided with the horizontal groove 13f for

being inserted with the projections 1f along the



angkte of elevation by 1.7[err]. For exanple, the distance QA (=4.3m

Is shorter by 0.5 mthan the distance Ol (= 4.8 m, and thus the angle
of elevation of nozzle j 15 for sprinkling water to the point J will be
50[err] + 5 x 1.7 = 58[err]. Likew se, angles of elevation of nozzles
Kk and e will be 65[err] and 68[err], < @gpectively. D aneters,

sector angles and angles of elevation of nozzles i to m are al so shown
in Table 1. 20 horjizontal Reslkt &iobun@eeente bEkkheglbeetsenddeegtiba

sanme conditions ée?ore by setting the dianeters, sector angles and
angl es of elevatbgntgg R@zal esvert @3M as mentioned above are shown in
Fig. 6 as a sprinkling intensity distribution. As is evident from Fig.

6, 25 water droplets, foriaxarpl erriceurehasneholke iincRighe50, theprinkled
in a narrow zone along the segnment 0l as a

lower end region of the head cover is expanded when the

5 head cover 13 is pushed downwards from the overhead. By
further pushing the head cover 13 downwards, the
projections 1f are inserted into the horizontal groove
13f. On the other hand, when the head cover 13 is
subject to an upward force, the lower end region of the

10 head cover is expanded by pushing with the projections
1f and thus the projections 1lf is disengaged from the
horizontal groove 13f, whereby the head cover 13 can be
detachably engaged with the sprinkler head 1. Further-
more, since the projections 1f and the horizontal groove

15 13f are formed along the horizontal c1rcumferences of
the sprinkler head 1 and the head cover 13, respectlve—
ly, the head cover 13 can be rotated while engaged with
the sprinkler head 1. Also in this embodiment, the
projections 13g can be provided on the circumference of

20 the lower end region of the head cover 13 and the
horizontal groove lg can be provided on the circum-
ference of the sprinkler head 1. 1In order to smoothly
insert the individual projections into the horizontal
groove, when the head cover 13 is provided on the

25 sprinkler head 1, vertical grooves as guides for leading
the individual projections into the horizontal groove
can be provided at the horizontal groove, as shown in

Figs. 52A, 52B, 52C and 52D, where vertical grooves 1li



center line with a width of about 50 cm and further wat er droplets
can be sprinkled approximately to the

mm from nozzl es

47 - entire segnent GHwith a sprinkling intensity of 5 mmto
to m Sprinkling intensity distribution
overl apping the sprinkling 8htensity distribution (Fig.

prepared by

5) obtained by the water sprinkling tests through

40

nozzles ato f wth

5

that (Fig. 6) obtiditextsdnytirg tied ehorizontsyl igdowvey lresdts & hriogtgh arogls es |
to mis shown in Fig. 7. Sprinkling intensity at the overl apped

positions of

10

15

20

25

anehepmeasied dwxEse sprinksher rkéadgl i mrehsitten dilse ridad
cover 13 is to be provided on the inner surface of the
sprinkler head 1, projections 13h provided on the head
cover 13, as shown in Figs. 52A and 52D, are guided and
can smoothly travel along the horizontal grooves 1li.
Figs. 52B and 52C are a vertical cross—-sectional view
and a horizontal cross-sectional view of the sprinkler
head 1, respectively, and Fig. 52D is a horizontal
cross-sectional view of the head cover 13.

That is, in the structure as shown in Figs.
52A to 52D, the head cover 13 is engaged with the
sprinkler head 1 in the following manner:

At first, the head cover 13 or the sprinkler
head 1 is manipglated so that the projections 13h can
travel along the vertical grooves li. When the
projections 13h reach the ends of the vertical grooves
1i, i.e. the horizontal groove lh, the head cover 13 or
the sprinkler head 1 is twisted toward the right or left
side to allow the projections 13h to travel along the
horizontal groove lh. Disengagement must be carried out
by carrying out the above-mentioned manipulations in the
reversed order. That is, the sprinkler head 1 and the
head cover 13, once engaged, will not be disengaged from
each other even if the sprinkler head 1 is subject to an
unexpected upward force. Engagement or disengagement of
the head cover 13 with or from the sprinkler head 1 can

be easily carried out.



10 ‘tions, is a value obtained by addition of two val ues of wat er

depth. As is evident fromFig. 7, it can be seen that water droplets
fromthe nozzles a to mcan be sprinkled all over the region by at

| east about 3 mfar fromthe sprinkler location O with a sprinkling
15 intensity of about 5 nmmto about 40 mf2 - Zone not
sprinkled by the water droplets from the nozzles a to min the
triangle OAB, that is, tBRarthermpgee asclshowar inh&igpri ABRerndoSaBi,on 0 in
the triangle OAB, will be studied. 20 Tests were carried
out for deternismald weztlical grodivasetld]s cagebeopravjided andsavgired of
nozzl e el evation I n the sane manner as above. It was found that, when

t he di anmet ers, lesatdonsngneshendudegl endofregiomwfonhead covernddzl @ndn,
ptos were set to figures shown in Table

10

15

20

25

projections 1j for being inserted into the small
vertical grooves can be provided on the inner surface of
sprinkler head 1. After the head cover 13 is provided
on the sprinkler head 1, the head cover 13 or the
sprinkler head 1 or both are twisted to make some
relative dislocation. That is, one of the projections
1j on the sprinkler head 1 can slip out of one of the
small vertical grooves 13j to the adjacent vertical
groove 13j by the twisting and inserted therein, whereby
further twisting can be interrupted. With an appro-
priate rotating force given to the head cover or the
sprinkler head or both, one projection 1j can move over
vertical grooves 13j and fixed in any desired vertical
groove 13j. Thus, the head cover 13 can be fixed at the
desired position on the sprinkler head 1 without any
unexpected slipping. Furthermore, as shown in Fig. 53C,
the distance between the projections 1j can differ from
that between the vertical grooves 13j.

When the head cover 13 is to be provided on
the outside of the sprinkler head 1, the vertical
projections can be provided on the inner end region of
the head cover and the projections 1j can be provided on
the outer surface of the sprinkler head 1.

In contrast to the above-mentioned structure,

projections 13k can be provided in the outer or inner

and



25 1, the zone nuch near the sprinkler location 0 could be sprinkl ed
wth water.

FTable 1
i dentifi

el evati on

a
45
d
23

10

15

20

25

- 48 -
Nozzl e Nozzl e Sector angle Angl e of
di anet er ([err]) nozzl e (Angle from
cation (nm - 93egnent OA) ([err])
0.7 0 30 b 0.7
end(xegion of the head covey and grooves lk gfor being 39
0.7 14 48 e 0.7

ingerted with the projectipms 13k can be pmavided on the 53 5
sprinkler head 1, as shown in Figs. 54A and 54B.

The procedures for engaging the head cover 13
with the sprinkler head 1 are not limited to those
described above.

A packing 14 as a sealing member can be
provided between the head cover 13 and the sprinkler
head 1, as shown in Fig. 55, to seal clearances there-
between, thereby preventing any occurrence of in-
convenience such as leakage of water through the |
clearances, etc. Sealing of clearances between the head
cover 13 and the sprinkler head 1 can be improved by
providing the packing 14 therebetween. Thus, when water
sprinkling is inhibited by the head cover after passage.
through the nozzles, such inconveniences as retaining of
water in clearances between the sprinkler head 1 and the
head cover 13, leakage of water to the outside through
clearances between the sprinkler-head 1 and the head
cover can be eliminated, and effective water sprinkling
can be conducted with a smaller volume of water.

Even if the head cover 13 is provided inside
the sprinkler head 1, the packing 14 can be provided
between the head cover 13 and the sprinkler head 1,
whereby water existing between the head cover 13 and the
sprinkler head 1 can be prevented from leakage even
through the nozzles 2 covered by the head cover 13 or

from retaining between the sprinkler head 1 and the head



0.6~ 3 50 ] 0.6 10

58 k 0.6 19 65 1

6.6 _ 29 68 m 0.6 40
70 n 0.5 ? _ 70 p

0.5 22.5 75 - 94 3 0.5 38
80 r 0.4 ] 15 \ . 80 S

0.4 covegy 13. Thus, efffective water sprinkling:Qanibeater

sprinkling tests under_the sang, condifions as above by setting the
di aneters, cuAyered gt B %rﬁf“%re %?i"gi‘%v% i‘b%t%rf' nozzles n and p

(0.2 2, ont1 Oned, 2bove o oo SUEHd WP NEevo ® RPN SGUIEISI LY
G stribut i ons,of cifist 121 Set 18 Bpr bl thd Aed Wit b0 GddiersLeY
5 in detail below:

In the present embodiments, the head cover 13
is provided on the sprinkler head 1 as already described
above, and thus water is sprinkled only through the
nozzles 2, through which water is not prevented from

10 passage by the head cover 13, among the nozzles 2 formed
on the sprinkler head 1. By changing the fixing'.
position or shape of the head cover 13 and selecting
nozzles 2 to be prevented from water passage by the head
cover 13, as desired, water can be sprinkled only

15 through the desired nozzles 2. That is, water can be
efféctively spriﬁkled ogly to a desired sprinkling zone
of the sprinkling area, i.e. not to the entire
sprinkling area around the sprinkler, but to, for
example, a sprinkling zone locating on one side, e.g.

20 west side, of the sprinkler, or on both sides, but
remote from or near the sprinkler.

For example, in the case of a head cover
having a shape as shown in Figs. 41, 43A and 43B, water
is sprinkled only from the nozzles in the nozzle opening

25 regions 13a formed outside the central rectangular
region of the hemispherical part la, and thus when the
sprinkler with the head cover 13 is perpendicularly

provided at a position 20 in the sprinkling area as



and-8, the entire triangle OAB can be sprinkled with 10 water droplets

fromtotal 16 nozzles a to n and pto s

about 5 nmto about 40 mm That is, the entire one-eighth zone of the
- 49 - sprinkling area 1 can be gently %Prinkled with the water
droplets fromthe nozzles a to s. =95~ n Fi.g. 4 there are sone

bl ank zones, i.e. .zones not indicated with.the sprinkling_in M
These bl ank zonéQOamelﬁoﬁéﬁ-wﬁéset§ﬁrVﬁﬁFFnéﬁrﬁP§§§Pﬁyzoneswggenégﬂﬁggﬁﬁred

at the water sprinkling tests, but, of ourse,. be presuned to be
entirely sprinEmggbﬁqéilar zones far from the SleHET&I. P

10

15

20

25

In such a structure that projections 1d on the
sprinkler head 1 are inserted into the recesses 134 on
the head cover 13, as shown in Fig. 48, the head cover
13 will not be disengaged ffom the sprinkler head even
if the sprinkler head 1 is subject to an unexpected
upward force. Thus, the water sprinkling zones can be
fixed and stable, and the reliability of the sprinkler
can, be improved.

In such a structure that a horizontal groove
lg is provided on the circumference of the sprinkler
head and projections 13g on the head cover are inserted
into the horizontal groove lg, as shown in Fig. 51A, Ehe
head cover 13 can be rotated, while engaged with the
sprinkler head i, the position of the nozzle opening
region 13a can be changed as desired while the head
cover 13 is engaged with Ehe sprinkler head 1. That is,
the water sprinkling zone can be easily changed when
water is to be sprinkled with the same sprinkler head 1.

Furthermore, in such a structure as shown in

Figs. 53A, 53B and 53C and Figs. 54A and 54B, where

. vertically elongated projections and the vertical

grooves are provided on the sprinkler head 1 and the
head cover 13, respectively, or vice versa, the head
cover 13 can be fixed to a desired position by simply
twisting the head cover 13 or the sprinklef head, or

both by a desired angle, while the head cover 13 is

with a sprinkling intensity of

5



the water droplets, because water droplets are diffused into the soi
of the sprinkled area, while sone of them 10 flows along the soil surface

. of the sprinkled area. Even if there are sone fluctuations in the
sprinkling intensity frompoints to points, it can be presuned that
water is substantially uniformy sprinkled +mngghe one- ei ghth zone of

the sprinkling area 1 by sprinkling water 15 all over the triangle OAB, as

described above. engaged with tiH¥ SPPilskdlwy tHeadlilnet®ast iectiiie angl es
and angl es of elevation of nozzles a ton and p to s set in t he
above-nentioned prfyAdiiich tof tiife redhd e neperedeN-region € Phtds donawead the
sprinkling area 1, nozzle 20 dianeters, sector angles and angles of nozzle
el evati on capaddexr af3 sgur rkd imgrevadasilgntachddgedntand ©Oprs ide mater

area 1 can be likew se determned sinply. Since the
sprinkling zone can be more easily changed when water is
5 sprinkled with the same sprinkler head 1. Furthermore,
since the head cover 13 or the sprinkler head 1 is not
unexpectedly rotated, the water sprinkling zone is fixed
' and stable, and the reliability of the sprinkler can be
improved.

10 The shape of head cover 13 is not limited to
those shown in Figs. 41, 43A and 43B. 6ther examples of
the'shape will be described below:

As shown in Figs. 46A and 46B, the nozzle
opening region 13a can be provided in a semicircular

15 section, as viewed from the overhead. When the

| sprinkler with the head cover 13 of this shape is
perpendicularly provided on the point 21 as showﬁ in
Fig. 47, the water sprinkling zone is a hatched zone in
Fig. 47. That is, water can be sprinkled only onto the

20 zone at one side of the sprinkler.

In the structure as shown in Figs. 56A and
S56B, the nozzle opening regions 13a can be provided
outside the cross zone, as viewed from the overhead.
When the sprinkler with this head cover is

25 perpendicularly provided at the position 22 as shown in
Fig. 57, the water sprinkling zones are hatched zones in
Fig. 57. That is, water can be sprinkled in 4 square

zones.



segnents OA and OB of triangle OAB are common to those

i i This She g Cﬁnt
triangles, and since water droplets fromthe 25 nozzlé
sufficiently sprinkled, approximately to the segmeﬂﬁ’l ﬁN ”ﬁ IF:‘Q t he
adj acent triangles, as is evident fromFig. 4, one

over | apped nozzl es destined to sprinkl®e 3ter
- 50 - approximately to these segnents OA and OB .can bhe omtted.

Thus, 120 nozzles (= 16 the sgyrugtyrep@s shouingddgso S84 #% wat er
T ros mulhes) o ddedntrical Roratd opehiny I Thacdd Fe 'S TTOM
provided on the head cover 1, as viewed from the
overhead. When the sprinkler with this head cover is
5 perpendicularly provided at the position 23 as shown in
Fig. 59, the sprinkling zone is a hatched zone in Fig.
59. That is, water can be sprinkled only on the square
zone near the sprinkler.
By changing the shape of head cover 13, water
10 can be sprinkled only onto a sprinkling zone or zones of
any desired shape at any desired distance.
Embodiments according to the ninth aspect of
the present invention will be described below.
As shown in Fig. 60, a filter 16 having
15 smaller mesh sizes than the diameters o§ the nozzles 2
and a larger trap area than the lateral cross-sectional
area of the rise pipe 11 is provided between the
sprinkler head 1 and the fixing jig 12 through packing
members 14' sandwiching the filter 16 to prevent water
20 leakage.
In the present embodiments, diameters of
nozzles 2 are set to, for example, 0.4 mm to 0.8 mm.
Diameters of nozzles 2 are not limited to those given
above.
25 ' Materials of the filter 16 are not particular-
ly limited. For example, metals and synthetic resins

are suitable materials. Metals include, for example,

stainless steel, copper, aluminum, etc., and synthetic



5 néar the sprinkler location O to the corners. Wat er

dropl ets can proceed farther by making the water pressure higher than

2 kg/cnR, but no farther at a | ower water pressure than 2 kg/cnR.

Thus, the sprinkling distance of water droplets can be changed as 10

desired by changing the water pressure, tfat is, by changi ng the water

pressure on the nozzles_w_.th a pr essur e- chan gi.ng neans capahl e of

changi ng the G@S&RS 1“C1B§ESSGPE ﬁa§P§ﬁecPPF¥eF§Hé§neﬁoP°é¥§ﬁﬁW 1to 2

kg/ cn2, such as_a punp, foregoing desgription has

bgen limted FblorldespFFﬁkllﬁﬁ GPemﬁﬁéP GﬁtBQFﬁéssp#tnRglﬁ&séFégaf of 10 m
10 m square, _but the shape t he spri nkllnggarea S

I|n1ted to thEOSﬁBHF¥ §ﬁa68t1589réﬁ§lSPhéFeéégﬁPéd RIFEO- Me§§ch as a
rectangle or Elz o% tgeCIriteraEg %gpghhlggethe diameters of

5 nozzles 2, and preferably are 0.1 mm to 0.3 mm.

Materials for the packing members 14' are not
particularly limited and are preferably synthetic
resins, synthetic rubber, etc. Synthetic resins
include, for example, fluorocarbon resins, polyamide

10 resins, etc.

In the above-mentioned structure, the filter
16 is provided between the sprinkler head 1 and the
fixing jig 12, and has a larger trap area than the
lateral cross-sectional area of the rise pipe 11, that

15 1is, a larger filtration area. 1In other words, larger
" number of meshes.can be assured at the filter 16,
whereby the pressure drop can be decreased, there can be
no particular limit to the water feed rate and cloggings
with sands, rusts, dusts, algae, and pond snails,
20 tadpoles, etc. can be prevented for a long time.

Water stream from the rise pipe 11 and the
fixing jig 12 connected thereto can be distributed
throughout the sprinkler head 1 and the water pressure
can be uniformly applied to the entire sprinkler head 1.

25 Thus, water can be uniformly sprinkled all over a water
sprinkling area.

Accumulated sands, rusts, dusts, etc. can be

easily removed by disengaging the sprinkler head 1 and



20 tan be sprinkled. Size of the sprinkling area is not limted in the
present invention. Furthernore, conbi nations of dianeters and angl es
ef el evations of nozzles a ton and p to s are not limted to the
conbi nati ons determ ned according to the above-nentioned 25 procedure, and
any ot her conbinations are possible, for 99 - exanple, in view of the
sprinkled water volune per unit area, etc.

-51 - the filter N& ffromgdibeg fde<ioyg ptiigprd, 2.t he nunber of
Shape of the filter 16 is not limited to that

given above. Other example of filter shape will be
described below:

5- . As shown in Fig. 61, a filter 16 having a
hemispherical shape protruded toward the sprinkler head
1 can be employed and can be further provided with a
collector disk 15 as a member for collecting sands,
rusts, dusts, etc. below the filter 16. The collector

10 disk 15 has a throughhole 15a for water passage at the
center. When sands, rusts, dusts, etc. passing through
the throughhole 155 from the rise pipe (not shown in the
drawing) together with water reach the filter 16, they
move downwards along the surface of the filter 16 to a

15 clearance 15b between the collector disk 15 and the
filter 16 and are retained there. With this structure,
clogging of the filter 16 can be more effectively
prevented. The central part of the filter can be in a
hemispherical shape, as shown in Fig. 62 or in a

20 semiellipéoidal shape, or a in a sharp conical shape, as
shown in Fig. 63.

Accumulated sands, rusts, dusts, etc. can be

easily removed by disengaging the sprinkler head 1,
filter 16, and collector disk 15 from the fiking jig 12.

25 Furthermore, sands, rusts, dusts, etc. are accumulated
particularly in the clearance 15b, and thus can be more

easily removed.

As shown in Fig. 64, a filter 16 having a



nozzles for sprinkling water all over the triangle QAR,. t hat is, t he

one-ei ghth zone of the sprinkling area 1, is set t8; ee ther
of nozzles is not 5 particularly limted. l
enbodi ment for sprinkling water approximately to t

triangle OAB will be descri bed below00 - Water is to be
sprinkl ed approximately to the 10 segnment AB through 7 nozzles in place of
6 nozzl es a tohemisphepicabwehaperpgotindedhtowagdehheABikindi jided2into

6 equal subsegnents, and water nust be sprinkled approximately: to the
respective poi @88 ke empioyed.v, Wigh thigngtructwres heanrdspesubts nozzl es.
Distances to the 15 respective points, A B and T to X fromthe sprinkler
| ocation O ar edBast$ol €b%s: feGFB%BﬁCEh the; ¥Sntogeshancwith waggr= 5 m

d ance, QU =
di stance OT = fromn%heliise pipe 11 (nog]shown in the drawing) move

5 along the filter 16 to the clearances l12a between the
fixing jig 12 and the filter 16 and are retained there.
Thus, clogging of the filter 16 can be more effectively
prevented. For the filter 16 with this structure, the
filter having a hemispherical shape shown in Fig. 62 or

10 a hemiellipsoidal shape can be employed by making it
upside down, as shown in Fig. 64, or the conical filter
having a sharp vertex at the center, as shown in Fig.
63, can be employed by making it upside down.

Accumulated sands, rusts, dusts, etc. can be

15 easily removed by disengaging the sprinkler head 1 and
the filter 16 from the fixing jig 12. Since sands,
rusts, dusts, etc. are accumulated in the clearances
12a, their removal can be more easily carried out.

Embodiments according to the tenﬁh aspect of
20 the present invention will be described in detail below:
Nozzles 2 are formed at angles of nozzle
elevation of not more than 27° to the center of the
hemispherical part la and along a plurality of imaginary
lines 4 substantially radially extending on the surface

25 of the substantially hemispherical sprinkler head from
the vertex 3 thereof, and diameters of the nozzles 2
along the same imaginary lines 4 decrease with

increasing distance from the vertex 3.



di stance OV = 5.6 m distance OWN = 5.3m and di stance OX = 5.1 m The
respective sector angles are as follows: 20 sector angle AOB = 45[err],

sector angle AOT = 4[err], sector angle AQU = 11[err], sector angle
AOV = 18[err], sector angle AOW = 27£err] and sector angle AOX =
36[err]. Angl es of el evat+®h of nozzl es capabl e of

sprlnkllng wat er apprOX|nater to the respective points 25 A B, Tto X
that is, nozzles a', b', At pattevp wfanmaginary liaegedt peltie are
calculated in the same manner as above. Angl es of elevation of
nozzles a', b' sabgtantdally hemigphezdicadr heagofleshpwn3insFdgr| 6545[err]
?1[err], 55 5[%%;k igé igdigizr%utlon pattern of nozzles 2, is
directed to an example of a square sprinkling area, and
5 is not limited only to the pattern shown in Fig. 65.
Diameters of nozzles on the hemispherical part
la are selected as follows:
At first, description will be made of the
region enclosed by two imaginary lines 4a and 4f
10 intersecting each other at an angle of 45°. Angles
between the imaginary line 4a and each of imaginéry
lines 4b to 4f are sector angles as already defined
before. As shown in Fig. 65 and Table 4; nozzles 2 are
formed each at angles of nozzle elevation of 27° and 15°
15 in the hemispherical part la. That is, 13 nozzles 2 are
formed between the imaginary lines 4a and 4f. Diameters
of nozzles 2 at an angle of nozzle elevation of 27° are
0.4 mm for nozzie al locating oﬁ the imaginary line 4a
at a sector angle of 0°, 0.5 mm for nozzle a2 locating
20 on the imaginary line 4b at a sector angle of 9°, 0.6 mm
for nozzle a3 locating on the imaginary line 4c at a
sector angle of 18°, 0.7 mm for nozzle a4 locating on
the imaginary line 4d at a sector angle of 27°, 0.7 mm
for nozzle a5 locating on the imaginary line 4e at a
25 sector angle of 36°, and 0.8 mm for nozzle a6 locating
on the imaginary line 4f at an sector angle of 45°.

Diameters of nozzles 2 at an angle of nozzle elevation

of 15° are 0.2 mm for nozzle gl locating on the



D areters of nozzles a', b' andt to x are each set to 0.7 mm

D aneters, sector angles and angl es of el evation of the nozzles a', b
.and t to x are shown in Tabl e 2. Table 2
Nozzl e Nozzl e Sector angle Angl e of i dentifi

di anet er ([err]) noz2% ~ (Angle from el evation
8?;' on (.'ngd'.nary lisneégrueang%toég sect:oxro.argleer r%gl p°, 0.2 mn"xi for g
897 t no%e 820'17ocatin%5on the 4im§/ginary lineg_74795 at a sector 18
51 W

0 4 angs;lf)e of 06°7, 0.2 Y, %or x?Jzzle 83 locat:’.Sr'Iag 50n the X

imaginary line 4h at a sector angle of 12°, ¢.3 mm for
5 nozzle B4 locating on the imaginary line 4i at a sector
angle of 20°, 0.3 mm for nozzle B85 locating on the
imaginary line 43j at a sector angle of 28°, 0.3 mm for
nozzle B6 locating on the imaginary line 4k at a sector
angle of 36° and 0.4 mm for nozzle B7 locating on the
10 imaginary line 4f at a sector angle of 45°. The same
pattern as above is applied to the entire hemispherical
part la and thus there are 4 nozzles al, 8 nozzles a2, 8
nozzles a3, 8 nozzles a4, 8 nozzles a5, 4 nozzles a6, 4
nozzles Bl, 8 nozzles B2, 8 nozzles B3, 8 nozzles B4, 8
15 nozzles B5, 8 nozzles B6 and 4 nozzles B7. The distri-
bution pattern aﬁd diameters of nozzles 2 are not

limited only to those given above.

Table 4
Nozzle Sector . Total
] . Diameter
identifica-| angle (mm) number of
tion 2 (°) nozzles
al 0 0.4 4
a2 9 8.5 8
Angle of nozzle a3 18 0.6 8
elevation: 27° ad 27 0.7 8
a5 36 0.7 8
ab 45 0.8 4
Bl 0 0.2 4
B2 6 0.2 8
Angle of nozzle 83 12 0.2 8
elevation: 15° B4 20 0.3 8
85 28 0.3 8
B6 36 0.3 8
B7 45 0.4 4




5 - Results of water sprinkling tests under the samne

condi tions as above by setting the dianeters, sector angles and angl e
of elevations of nozzles a', b and t to x to figures as nentioned
above are shown in Fig. 13 as a sprigﬁ ing intensity distribution. As
is 10 evident fromFig. 13, water dropl can be sprinkl ed

about 5 mm to about 40 MATEOARTEHES de=ts B e 'Bkeent o el 1

product ity ABEIMAEeT agad Betrt reat ptd i er i BN e Batddr 25, o

sprinkler. already described before by perpendicularly providing a
liquid sprinkler with the present sprinkler head 1 at

S the center of a square sprinkling area 6, as shown in
Fig. 68, 10 m x 10 m, where diameter of the hemi-
spherical part la was 5 cm, sprinkling water feed rate
was about 1l1¢/min. and water pressure on the nozzles 2
was about 2 kg/cm2.

10 Results are shown in Fig. 68, where the region
sprinkled from the nozzles ol to a6 is a hatched region
a6 and the region sprinkled from the nozzles 81 to B7 is
a hatched region B86. That is, the desired sprinkling
area 6 could be sprinkled according to the desired

15 shape, that is, the desired square shape, by the present
sprinkler head 1;

Sprinkled water volume per unit area was
measured and is shown in Fig. 69, where the curve (a)
shows the results of the present sprinkler head 1.

20 Water sprinkling tests were also carried out
under the same conditions as above by conventional
sprinkler heads each having only a nozzle for water
sprinkling at an angle of nozzle elevation of 27° or
15°, but having an equal nozzle opening area to that of

25 the present sprinkler head 1. The results are shown in
Fig. 69, where the curve (b) shows results of the

conventional sprinkler head having a nozzle at an angle

of nozzle elevation of 27° and the curve {c) shows those



-53°- It is also possible to determ ne opti num nozzl e di aneters,
sector angles and angles of nozzle elevation by inputting data, for
exanpl e, on varied nozzle dianeters, angles of nozzle elevation find water
pressure on nozzles into a conputer and anal ysing rel ati ons between these
factors as to the sprinkling distance of water droplets in advance in place
of determ ning nozzle dianeters, sector 3 | es and angl es of nozzle

el evation according to the shape and size of a sprinkling area by tests,

b essure. can DA Bade SR e et S SR KT e bl g ity
et b S SAG ARl 0 Lot oy weler
Do et ! ) B8, daSSeAd Dl Mlq SANene preselt L0, 2 @
intersecting @8 idkAldtehedd iN®an sprinkle water substantially
5 uniformly all over the sprinkling area, whereas the
conventional sprinkler heads suffer from variations in
the sprinkled water volume per unit area, depending on
distances from the rise pipe 11, that is, the sprinkled
water volume per unit area is not uniform and there are
10 zones not sprinkled with water. Thus, the conventional
sprinkler heads cannot conduct uniform water sprinkling.
Maximum height of water droplets ejected from
a nozzle at varied angles of nozzle elevation of the
present sprinkler head 1 will be described below,
15 referring to Fig. 70 and Table 5.
As shown in Fig. 70, a rise pipe 11 with a
sprinkler head having a nozzle at a level as high as
0.33 m from the soil surface was perpendicularly
provided on a sprinkling area and subjected to water
20 sprinkling under a water pressure on the nozzle of 2
kg/cm2. Angles of nozzle elevation, nozzle diameters,
maximum height h of water droplets ejected from the

nozzle, distance x from the rise pipe 11 to the point of

the maximum height, and sprinkling water feed rate are

25 shown in Table 5.



vertex 3 of the hem spherical part la of the sprinkler head 1 and
substantially extending along the surface of the hem spherical part
Ja. In Fig. 2, only three imaginary lines are shown by two-dot chain |ines,
while other inmaginary lines are not showpgsNozzles 2 forned al ong each

I maginary Iine 9 nust have increasing dlaneters wi sh increasing distance of
nozzles fromthe vertex 3, and the sevgégiengzzles 2 along each imaginary
line 9 can haye_an pnnal Laneter That es—2 -f-orrearatora—eae

i magi nary |ing gngmgtomave a

CI U CA
, _ B4
argest. di anch et gk o450 1 Br bhgabe kst AntEHM ¢ Hay: o anes e OERED e

nozzl es at the nearest diktance So t he heighbrhie 3. feed rphffern
of the i magi nar§F§YReC® bn t spri nklmar hedd 1 $Mdwn i n(@lgmif, )qhat
is, a distribp- (°)

27 0.4 1.65 3.1 105

27 0.6 1.8 4.1 210

27 0.8 1.8 4.7 350

60 0.4 3.6 2.6 105

60 0.6 4.2 3.7 210

60 0.8 4.6 4.0 350

As is evident from Table 5, there is no
substantial difference in the distance x between the
angle of nozzle elevation of 27° and that of 60°, when
the nozzle diameters are equal to each other, but there

5 is a large difference in the maximum height h. That is,
the maximum height h is 1.65 m for a nozzle diameter of
0.4 mm, 1.8 m fﬁr a nozzle diameter of 0.6 mm and 1.8 m
for a nozzle diameter of 0.5 mm at an angle of nozzle
elevation of 27°. At an angle of nozzle elevation of

10 60°, on the other hand, the maximum height h is 3.6 m
for a nozzle diameter of 0.4 mm, 4.2 m for a nozzle
diameter of 0.6 mm and 4.6 m for a nozzle diameter of
0.8 mm. Thus, the maximum height h at an angle of
nozzle elevation of 60° is at least twice as large as

15 that at an angle of nozzle elevation of 27°.

Since the angles of elevation of nozzles 2 on
the hemispherical part la are selected from a range of
not more than 27° in the present embodiment, the water

droplets ejected from the nozzles 2 can have a maximum



tioh pattern of nozzles 2, shows a case that the shape of a sprinkling

area is a square. Thus, the pattern of nozzles 2 is not limted only
to the pattern shown in Fig. 2. 10 I n the enbodi nents,

di aneters of nozzles 2 are 0.4 mmfor the nozzles | ocated inside the
cl osed curved | ine 8a, shown by a ené&0dot+ chain line; 0.5 nmfor the
nozzl es | ocated between the cl osed curved |ine 8a and t he cl osed
curved |ine 8bheQghtmoff @bdute In®zzl es THifs, |t dff httevgprreddret cll inpeil
curved |line 8b and the cl osed curved line 8c; 0.7 mmfor the nozzles
| ocat ed bet weesprinklerw id ammfl dur wed dictea Rt whth tdhe dossllied ved i ne
8d; and 0.8 mmfor the nozzles |ocated inside the closed curved

lines 8e in Fi dirdta¥fiqorsdihe epulinkkingitheighto0 apathawm iof Fioyzl es 2
and di ameters of the respective
67, water droplets are never attached to the overhead
5 fruits, whereas in case of a comparative sprinkler head
1' having nozzles at an angle of elevation of, for
example, 60°, as shown in Fig. 71, water droplets are
attached to the overhead fruits.
Furthermore, total nozzle opening area of the
.10 nozzles 2 at the same angle of nozzle elevation is made
to decrease with decreasing angle of nozzle elevation,
whereby the sprinkled water volume per unit area can be
made equal between a region of relatively short
sprinkling distance, i.e. a region near the liquid
15 sprinkler, and a region of relative long sprinkling
distance, i.e. é region far from the liquid sprinkler,
and more uniform water sprinkling can be conducted all
over a spfinkling area.
In the foregoing embodiments, materials for
20 the sprinkler head 1 are not particularly limited, and
preferably are materials having a good weathering
resistance, a high impact resistance, a good chemical
resistance, etc. For example, metals, synthetic resins
and synthetic rubber are preferable. Metals include,
25 for example, stainless steel and synthetic resins
include, for example, high density polyethylene, medium
and low density polyethylenes, polypropylene, polyvinyl

chloride, polyolefins such as ethylene-vinyl acetate



nozzles 2 are not linmted to those gi ve above. Spri nkl ed
wat er vol une per thggﬁgfggﬂkbamd sprinkler head 1 according to the

.second aspect of t |nvent|on was investigated in the sane
manner as 25 al reaEM“ ﬁmﬂ ove by setting the nozzle
di stribution patter anmeters; §9 Lhose shown in Fig. 2,

and using a hen1spher|cal part la of the sprinkler head 1 having a
diameter of 5 cm, 3 Water ¢t&€d acrylonitrile-butadiene-styrene resin -~ 95 -

(ABS resin), engineering plastics, reinforced plastics,
etc. These materials can be selected in view of uses of
the sprinkler head 1, that is, the sprinkler.

5 Process for preparing the sprinkler head 1 is
not particularly limited, and a process suitable for
mass production at a low production cost is preferable.
For example, a press process is suitable for metals and
an injection molding process is suitable for synthetic

10 resins and synthetic rubber.

Procedure for forming nozzles 2 is not
particularly limited, and a procedure suitable for mass
production at a low production cost is preferable. For
ekample, a laser perforation procedure or a drill

15 perforation procedure is suitable.

An example of using a plurality of the present
liguid sprinklers is shown in Fig. 72, where numeral 40
is a pump and 50 a liquid storage tank.

The liquid sprinkler with the present

20 sprinkler head can be used for sprinkling water to farms
or gardens for outdoor raising of vegetables, flowers,
etc. green house farms or gardens, orchards, parks or
gardens planted with lawns on flowers, or to roads.

In the foregoing embodiments, the liquid

25 sprinkler is limited to a water sprinkler, but the
liquid to be sprinkled by the present liquid sprinkler

is not limited only to water, but also solutions of



rate of about 17[err]/min and a water pressure of about 2 kg/cn2 on the
nozzl es 2. The sprinkled water volune per unit area neasured under
t‘he above-nentioned conditions is shown in Fig. 14, where the abscissa
shows a distance fromthe rise pipe 11, the ordi nate shows a sprinkl ed

wat er volume per unit area, curve (a) shows the sprinkled water vol une per
unit area according to the second aspect @08 e present invention and curve
(b) shows that of a conparative sprinkler head nade in the follow n

manner. That i g cokparal ichemigdkk|sichan inseqhrigidesy inesthic '
structure and under the same conditions as those for the present sprinkler
head 1 except a@tcds e nbFguid fRFll vt 30 & SRALEGRS RY &g Lresentqual
total nozzle opening area to that of nozzles 2 of the present sprinkler
head 1. ey id SRRt leF oy used imethR AFTRCYHYIRA er head 1 can
sprinkle water substantially uniformy all over the sprinkling area,

wher eas the corfREEIFHECRTRT nkFer HEMUERGTTARE esthf AFeRERY HHAYAE 0 t he
zone near the sprinpkler and the spri ngl ed water yvolune per unit area
decreases wilh $Pﬁ+%’&%?ﬁgcﬂﬁ‘s?%n\§§e¢r AT t RESLPRTHRI e?*?l’g lager due to
conparative sprinkler head cannot.sprinkle-water uniformy,

Enbodi nment s acc%?’('ﬁ?l‘éj ?%at'ﬁéggéc%hﬁgiwgﬁtfﬁ?s‘f heETRIR et FOR FRTIRRG 11 be

described in detail bel ow
etc.

Other aspects of the present invention relate to
sprinkler heads for liquid sprinklers and sprinkler

systems containing a plurality of liquid sprinklers.



In Fig. 15, which is a plan view of the surface of the hem spherical part
la, as viewed fromthe 56

overhead of the vertex 3 (where Fig. 16 is an el eva

' t he
hem spherical part la), a plurality of nozzl es Hmﬂ“’umlm lgmng 4
i magi nary |ines 9a defined by fouorl8Bdes of a sqtiare as a pel ygon
surroundinagéggg.S vertex 3 and curved inwardly toward the vertex 3, as
shown by t chain lines, and along a plurality of i magi nary |ines
9b drawn along the inmaginary |ines 9a but

i nside the imaginary |lines 9a
toward the wtertex 3, A liquid sprinkler for locating at a desired

position in a desired liquid sprinkling area, which
sprinkler comprises:

(1) an upright rise pipe locatable at a desired
position in the desired liquidsprinkling area,

(2) an upwardly protruded, substantially
hemispherical' sprinkler head having a plurality of
nozzles for delivering a liquid to the desired sprinkling
area, the sprinkler head being detachably mounted on the
upper end of the rise pipe, and

(3) a liquid distributor pipe connected to the

lower end of rise pipe.

2. A liquid sprinkler according to Claim 1,
wherein the sprinkler head is a sprinkler head capable
of setting a liguid sprinkling distance as desired by
selecting a nozzle diameter, an angle of nozzle
elevation, and a liquid pressure on the nozzles in
combination.
3. A liquid sprinkler according to Claim 2,

. wherein the angle of nozzle elevation is selected from a
range of 20° to less than 90°.
4. A liquid sprinkler according to Claim 2 0F 3
wherein the nozzle diameter is selected from a range of
0.1l mm to 2 mm.
5. A liquid sprinkler according to Claim 2, 3ord
wherein a'liqﬁid pressure-changing means capable of

changing the liguid pressure to a desired pressure is

This Sheet Has Been Replaced
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as shown al so by two-dot chain lines. 10 I s 2a,, for med

al ong one imaginary |ine 9a or 9b are nade to h u, ter.

A pattern of i magi nary lines 9a and 9b on the s ﬁ

in Fig. 15, that is, a distribution pattern of nozzles OWS a

case where the shape of a sprinkling area- s10l5 a square. Thus t he

distribution pattern of nozzles 2a Is not limted only to that shown

in Fig. 15. provided id ncie dlidibid nbgteibeboarpiperoedthae ongsen

i magi nary circle 9c around the vertex 3 as a center, as shown by a

two-dot chain |i péAhong nozzles 2b, the 20 nozzles 2bl locating near the

I ntersection of t e i maginary circle 9c and the imaginary lines 9a are

made to havesihe snal |Restiqliairesprinkiber eaccohdi mpzizo eSlabe 1,

| ocating farthest fromthe inmaginary |ines 9a are nade
wherein the sprinkler head has nozzles formed along a
plurality of imaginary lines intersecting at the vertex
of the substantially hemispherical sprinkler head and
extending substantially radially on the surface of the
substantially hemispherical sprinkler head, and the
nozzles formed along the same imaginary lines have
increasing diameters with increasing distances of the
nozzles from the vertex.
7. A liquid sprinkler according to Claim 1,
wherein the sprinkler head has the nozzles formed along
first imaginary lines defined by the respective sides of
a polygon surrounding the vertex of the substantially
hemispherical sprinkler head, the first imaginary lines
defined by the respective sides of the polygon being
curved toward the substantially hemispherical sprinkler
head, as viewed in a plan view of the substantially
hemispherical sprinkler head from the vertex side, and
also nozzles formed along second imaginary lines drawn
in parallel to the first imaginary lines, but positioned
from the first imaginary lines toward the vertex.
8. A liquid sprinkler according to Claim 7,
wherein the polygon is a rhombus.
9. A liguid sprinkler according to Claim 7,

wherein the nozzles formed on the same imaginary lines

have an equal nozzle diameter. -
This Sheet Has Been Replaced
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to have the largest dianeter. Other nozzles 2b are made 25 to have

I ncreasing dianmeters in the direction fromthe nozzl I f
mozzl e 2b2. The pattern of inmaginary circle 9c on tdgl Mﬂ iﬂmﬁ l"ﬂy
sprinkler head 1 shown in Fig. 15, th£1i§, di stributy on patterns a

di aneters of _ _ _ - -57- nozzl es 2b, shows

5 case et theggane of GeSlepd SRiUhng Seesutd MR R AT, (e

Es Fn) r ::In %S éd 15. wher eAisn a&lhree asc}i.% ir{m"?crlteiro rl)xeé%db ?xfa%r %n ei Qlo%rzq.%rs ¥Q rml&e itnh %
strip zone defined by two second imaginary lines
substantially in parallel to a first imaginary straight
line passing through the vertex of the substantially
hemispherical sprinkler head, as viewed in a plan view
of the substantially hemispherical sprinkler head from
the vertex side.
11. . A liquid sprinkler according to Claim 10,
wherein at least one strip zone is provided on each side
of the first imaginary straight line.
12. A liquid sprinkler according to Claim 10,
wherein the strip zone is provided in a range of angles
of elevation of 0° to 85 from the center of the
substantially hemispherical sprinkler head in a vertical
cross-sectionai view of the sprinkler head, the cross-
seétibﬁ;l view passing through the vertex and vertical
to the first imaginary straight line.

13, A liquid sprinkler according to Claim 1,

wherein the sprinkler head has the nozzles formed in a
rectangular zone enclosed by two first imaginary
straight lines substantially in parallel to each other
and by two second imaginary straight lines intersecting
the first imaginary straight lines substantially at a
right angle and substantially in parallel to each other,
as viewed in a plan view of the substantially
hemispheriéal sprinkler head from the vertex of the

substantially hemispherical sprinkler head, the vertex

This Sheet Has Been Replaced
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wat €r vol ume per unit area substantially constant on the entire- suriace~9L—
a sprinkling area, it is necessary to nmake nozzles 2b for

far fromthe vertex 3, that is, nozzles 2b |ocated at a mﬂl IHHI‘ l l
nozzl e el evation, l|arger than nozzl es 2a | ocated at posi t

vertex 3, that is, nozzles 2a at |arge armyl¥s2of nozzle el evati on.
Furthernore, in order to sprinkle water all over a sprinkling area of any

shape and si ze, l@c$§1h@cé§s§?? rectangelagi aABeers of nozzles 2a and 2b
according to their p03|t|ons | es_ of nozzlg elevatlon angéa desired

sprinkling distahte. t}%%%@e$ 96? kherzpesopaingetRoripaMt tdul arly

limted, and preferably are in a range of 0.1 nmm

embodi ment s accoWHFﬁglﬂotbﬁerSGEBHSu §5eEPn8lehBrBVé§ggl1Pn9eﬁFP8ﬁ 0?

di aneters of nozzles 2a r exa ngzzles 2a locatin

i magi nary |ines QaglﬁrﬁfségeYStbo S gﬁd Fﬁoiéséftﬁafzgg 3 FE@ating

0.6 mm  That I's. COP5RE BFsCBE ﬁh?ﬁ?gtgtéé 3c SR PR G an S B AA LA F 4 nes

9% are set to 0'lnng]vgréiggla@gogs-sggkigﬁgﬁs%1ew of the sprinkler
head, the vertical cross-sectional view passing the
vertex and vertical to the first imaginary straight
lines, and also provided in a range of angles of
elevations of 30 to less than 90° to the center of the
substantially hemispherical sprinkler head in a vertical
cross-sectional view of the sprinkler head, the vertical
cross—sectional view passing the vertex.and vertical to
the second imaginary straight lines.
15. A liquid sprinkler according to Claim 1,
wherein the sprinkler head has nozzles in two divided
zones of the substantially hemispherical sprinkler head,
divided by an imaginary straight line passing through
the vertex of the substantially hemispherical sprinkler
head, the nozzles in one of the two divided zones has a
denser nozzle distribution with increasing distance from
the vertex, while the nozzles in other divided zone has |
a sparser nozzle distribution with increasing distance
from the vertex.
16. A liquid sprinkler according to Claim 1,
wherein the sprinkler head has nozzles formed in a zone

enclosed by two second imaginary lines intersecting a

first imaginary straight line Passing through the vertex

This Sheet Has Been
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- 58 - sively in the direction fromthe imaginary |ines 9b highest
fromthe vertex 3 to the inmaginary |ines 9b near est \‘_m‘ “ﬁt“‘ \
Nozzl e distribution pattern and di aneter of nozzles : Uk se,

*

not limted 5 only to those nentioned above. D aneters of
nozzles 2b are not particularly M diltled and preferably are in a range
of 0.1 mMmto 2 mMm By making the dianmeters of nozzles 2b_have the
figures afh the sibswaneiallghaenispkerivakrspiinkie mdiead 10
substantially uniformy sprinkled all over the sprinkling, area.

Nozzl es 2b mesbstarntoiaily gt \@ et anglesand s4RsStaftidel¥phd nkl er head

1, that is, the liquid sprinkler. That is, nozzles 2 ,rngtdbe Provided
on the e kel | & ek tOFhe B FhR 2R nk§ HUHARF 91 gded 1nto

two subzones by the first imaginary straight line; the
respective divided subzones are further divided each
into two subsections by an imaginary ellipse drawn by a
segment of a line between two intersections of the first
imaginary straight line and the two second imaginary
straight lines as the line of upsides; and the nozzles
in the subsection outside the imaginary ellipse in one
of the subzones have a larger total nozzle opening area
than in the subsection inside the imaginary ellipse,
while the nozzles in the subsection ocutside the
imaginary ellipse in other subzone have a smaller total
nozzle opening area than in the subsection inside the
imaginary ellipse.

17. A liquid sprinkler according to Claim 1,
wherein the sprinkler head has the nozzles formed along
concentrical lines from the vertex of the substantially
hemispherical sprinkler head as a center and the nozzles
formed along the concentrical lines have increasing
diameters with increasing distance from a plurality of
imaginary lines substantially radially extending along
the surface of the substantially hemispherical sprinkler
head from the vertex.

18. A liquid sprinkler according to Claim 17,
wherein the imaginary lines are four lines each

intersecting their adjacent line at a right angle.
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15 required. In other words, no nozzles:2b may be formed on the
sprinkler head 1. In the present enbo
nozzles 2b are set to 0.8 mmfor nozzles 2bl and 1. Symllllllm&mmuﬁl
“ 2b2, and di ameters of other nozzles 2b are f set td ifcreastind flgures
between 0.8 mmand 1.3 nmmin t he dlre%} on fromthe nozzle 2bl toward

the nozzl e 2b2. O course, éhe dLS&ilbutlon attern éfd.dlfgeter of
nozzles 2b are B8t linitel bhAYiESPRAE SFVQHCQB vR9 to Claim L7, \gier

pressure on the sprinkler head 1, zl es 2a nd ZE are not

Dt T ot arly' | HPBEs hnghe noszies BormePoalehsl the ERBeearEIcat,lints

range as alread ment.i oned _before ] it wwth a.water-pressure
Chaﬁging neans.%n the surface of the suggtan 1%&?9 hemlsp erlca& P

sprinkler head have increasing total nozzle opening area
with increasing distance of the concentrical lines from
the vertex. '

20. A liquid sprinkler according to any pfecediné claim,
wherein the sprinkler head is provided with a
sprinkling-inhibiting member for inhibiting sprinkling
of a liguid through other nozzles than those destined to
the desired sprinkling area.

21. A liquid sprinkler according to Claim 20,
wherein the sprinkler head is provided with a sealing
member for sealing clearances between the sprinkling-
inhibiting member and the sprinkler hgad.

22. A liquid sﬁrinkler according to any preceding claim,
wherein the sprinkler head has a filter between the
sprinkler head and a fixing jig; the filter has a
smaller mesh size than the nozzle diameter and a larger
trap area than the lateral cross-sectional area of the
rise pipe.

23. A liquid sprinkler according teo Claim 1,
wherein the sprinkler head has nozzles formed at angles
of nozzle elevation of not more than 27° to the center
of the substantially hemispherical sprinkler head and
along a plurality of imaginary lines substantially
radially extruding from the vertex of the substantially

hemispherical sprinkler head along the surface thereof,
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- 59 - The present sprinkler head 1 is in a rhonbic shape
as a polygonal shape. In the foregoing enbodi - nment, square shape is

illustrated as a pol ygonal shape. s er g ﬂlﬂﬁu mﬂﬂﬂ Hm'ape

substantially uniformy all 5 over a sprlnkllng area
such as a square shape. D anmeters of*nozzltes®2asf or ned
al ong the sane i magi nary |ine 9a orlidb on the sprinkler head 1 of the
present enbodi nent have an equal dianeter, and thus 10 water can be
sprinkl ed nor@nduBsamREREs| § ukheoRraryles|along bhersamepimagihagyar ea of

any shape and_si ze.
lines decrease with increasing distance from the vertex.

24. A liquid sprinkler according to Claim 23,
wherein total nozzle opening area of the nozzles at the

same angle of nozzle elevation decreases with decreasing

angle of nozzle elevation.

25. A sprinkler head for a liquid sprinkler as

claimed in any preceding claims.

26. A sprinkler system comprising a plurality of
liquid sprinklers as claimed in any one of claims 1 to

25.

27. A liquid sprinkler or a liquid sprinkler head
substantially as hereinbefore described with reference

to, and as illustrated in, any one of the accompanying

drawings.
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The® pol ygonal shape is not linmted only to the rhombi ¢ shape, -as

al ready nenti oned above, and any shape, for exanple, a triangular or
pent agonal shape, 15 can be used. In other words, the shape of the pol ygon
must be set to neet the shape of a sprinkling area. Furt her nore,

nunber of imaginary lines 9a and 9b is not particularly limted.
Posi ti on and nunber of the inaginfﬁ%%circles 9c, that is, distribution
pattern of 20 nozzles 2b, are not par ( larly limted.

Sprinkl ed water volune per unit area of the sprinkl er head 1 according
to the present enbodi nent wi |l be described bel ow.

Water sprinkling tests were carried out in the 25..sarm& nmanner as already

descri bed before with a sprinkler
la, 5 cmin dianeter

Veu
-
----------------

------------------
-
-’




and a distribution pattern and di aneters of only nozzles 2a as shown
in Figs. 17 and 18. That is, the sprinkler

- 60 - head 1 had no nozzles 2b. Water was sprinkled at a wat er
feed rate of about 17[err]/mn and a water pressure of about 2 kg/cn®.
The distribution pattern and di aneters of nozzles 2a shown in Figs. 17
and 18 were the sane as 5 given in Fig 5 and 16. Results
of sprinkled water volune per unit measur ed under the

above-nenti oned conditions are

FIG. 2
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shown in Fig. 19, where a group of curves (a) shows

vol une per

sprinkl ed water

unit area of the sprinkler 10 head 1, anong I Qﬂgh curve
{err] shows the sprinkled wat er vol unme directed towar - aceg
four sides of the square sprinkling area, the curve | l TH
one directed toward the four corners of the square S I and

the curve [err]q shows the one direct 5 toward the internedi ate

segnents between the centers of

our side and the four

corners of

On the ot her

hand, a

t he square

e
sprinkling area.

conparative sprinkler head was tested in the water sprinkling tests to

neasure 20 the sprinkled water volune per unit area. The onparative
sprinkl er head was prepared under the sane structure and ndi ti ons as
shown in Figs. 17 and 18, <
Q
&
|
g
c g % ow
31 ] =
E S83 48 % %o 4§
~ Z
555555 = (@) \5 Iy < o
t IEE o _ﬁg = — Q‘QO L_ll.l
7] - w w \ RIS =N
pa NV T Q S EN
Ty Wnunng 35 EZ DR ~Q
- wn (o) g x —2
Ej =0 o \ X OONPI®IG
< E . oom_& - Z \ XXKISK: XQ/E
gg EE EEF- ~O [ - q cho 5 tw
= O, < Q
w0 g E E od oI =
¥ 0 E @ g"’ (@) g <1<>°>r.)< N
Z S o K X 2 o~
S H528¢S < < ST X ele %
< S OEBR®S RO s
« N RIS AT SRS —
’ X0 .ox XO (& 3 ]

. SN R Lo & <)<) q L
O P qio' IS SIOSE = N
— \ RIS S ILIAITSIOIARIG] O
Li XSS XS YSBEIUxrrdldlonlal £

X d oqo qd .X SAO T o140  @1X|O
© O bt xoyo xqo oo P> Ox (Ox’xc
S OO O O 0 o RO
BROXOXFIRRKE odx‘x qqo ors=Cldoo{xlelg]
Z ooooaq cooo" VSN HAITNIG e RERSF
Q OXIXd oxd %) LIPS S 29lo] [olofoRIo
= N~ OXdXd oXd S &2 S Y e Rl O R TS
) \AOXq d 4 2 qu JJI0] [OlalaR
a!f__ S S X ddqoq c? :d ) Oq:]] Qf (O[dIdlaro
E RO IS G50 ioloos w0
a YO [958 [OligRe!  [Rldioions
= Y Q5SS Jos  ©laoiolo
m rd
—
< ® ‘K
; ﬂ o © ()] N— n
2 N = 4 Y y w
2 Z N N N N N
pd = % Q Q o
ﬂ—: = zZ 4
(v
75



except number of nozzles per imginary |ine was equal

the imaginary lines, and all
head were set to have the

t he nozzl es
sane t ot al

t hr oughout al |
25 on the conparative sprinkler
nozzl e openi ng area as that-of

all the nozzles 2a on the present sprinkler head #%nisSheet Has Been eplaced
- 61 - Sprinkl ed water volunmes per unit area of t [
sprinkler head varies, dependi ng on th@dﬁ}rection of wat mﬂmﬂﬁﬂ ,i , as
shown by a group of curves (b) as dott ines in
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Fig. 19, anong which the curve [err] shows sprinkled water volune directed
toward the renters of the four sides of the square sprinkling area, the
curve [err] shows the one directed toward the

sprinkling area, and the curve [err]

four cornersis SfectiEBSARA Eeq
shows the one direct
I nternmedi ate segnents between the venter points and the cqmwmuaﬂfﬁil
squar-e sprinkling area. As s evi fromFig. 19,
spri nkl er

head 1 can sprinkle water su tially uniformy all over the
square sprinkling area, whereas the conparative sprinkler head has varied
sprinkl ed water volunes per unit area, depending on the sprinkling
directions. Furthernore, the conparative sprinkler head has a |arger
sprinkled water volume per unit area in the =zone near the sprinkler and a
decreasing sprinkled water volune per unit area with increasing distance&

fromthe sprinkler. Thus, the conparative sprinkler head fails to conduci=
uni f orm wat er 6
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sprinkling. Enbodi ments according to the third aspect of the present
i nvention will be described in detail bel ow In Fig. 20, which is a
pl an view of the surface of the hem spherical part |la of the substantially
hemi spherical sprinkler head 1, as viewed fromthe vE&fsShgetEaxReer Kipljced21 i S
an elevation view

thereof), a plurality of nozzles 2 ar%/gprmed In strip "
provi ded substantially in parallel to a“rirst
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I magi nary straight |ine 8 passing through the vertex 3 of the
substantially hem spherical sprinkler head 1, 5 where the first imaginary
straight line 3 is shown by a t wo- dot chain |InGhm$hﬁﬂ£$anR u&PZZ|eS
2 are fornmed in each of the strip zones 5 and 5 pf
sides along the imaginary straight line 8. In Fig. 2Q; Mﬂm %F the
strip zones 5 are fornmed between two d- 10 ary'i I ght
lines 9a and 9b substantially in %§§?Q||e| to the first inmaginary
straight line 8, where the second inmaginary straight lines 9a and 9b
are shown al so by two-dot chain |ines. As shown in Fig.
22, which is a vertical 15 cross-sectional viewto the first inmaginary

st rai ght | ine 8 passing through the vertex 3, the strip zones 5,
each between the second inmaginary straight |lines 9a and

0
SPRINKLER LOCATION

|1 (m)

NOZZLE q

&l 10mm TO LESS THAN 20mm
® 20mm TO LESS THAN 40mm
@ 40mm OR MORE

@ 5mm TO LESS THAN 10mm
WATER PRESSURE : 2.0kg,”cr?

© LESS THAN 5mm

SPRINKLING INTENSITY (mm)

Q
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9b,  are so provided as to satisfy the follow ng condi - tions: the

i magi nary second straight lines 9a near the 20 vertex 3 are provided so
as to satisfy such a condition as [err], where [err] is an angle of

el evation of the second inmaginary straight lines 9a to the center or
symmetrical center o of the hem spherical part Ia, wher eas the second
i magi nary straight lines 9b far from g?sothe vertex 3 are so provided as
to satisfy such a condi - tion as <[err] 60, where B is an angle
of el evation of the second imaginary straight |ines 9b, where such a

condition as [err] < B nust be atisfied. Thus, the
[G. 9

1

)

SPRINKLER
LOCATION 0

- FIG. 10

B SPRINKLER
LOCATION 0




[

strip zones are provided in a range of an angl e of el evation of the
secondary imaginary straight lines to the center 0 of O to 85[err],
preferably 15[ err] to 85[err]. In the case of sprinkling
water to, for 5 exanple, various vegetables or flowers planted on the
ridges, or to linearly planted trees, water sprinkling even to

spri nkl i ng-unwant ed areas such as spaq;&xfetmeen the lines of trees,
etc. can be saved by providing the strip zones 5 so that the
above-nentioned conditions can 10 be satisfied. Thus, the vol ume of
sprinkling water can be reduced. That is, the volune of wasted water
can be reduced. Furthernore, by selecting angles. of elevation of
15-85 for the strip zones, | KEiorcEsLof sprinkl ed water droplets
on the soil surface of a 151%?? lin rea can be nmade smaller. That is,
wat er A s

C .

SPRINKLER
LOCATION O

SPRINKLER
LOCATION O

-



spri nkling can be carried out w thout rebounding of
droplets fromthe soil surface, result- ing in gentle water
sprinkling. Mre specifically, the angl es of elevation for the strip
zones nust be selected 20 in view of, for exanple, siZzg;GhefHRMeidRebhbid

area, a di stance fromthe sprinkler to the desired BVIIH“L
in
[ ce

sprinkling area, nozzle dianeter, etc 0 No l'EBIHm

the strip zones 5 have i ncreasi nb é?Qimeters with in

fromthe 25 vertex 3. That is, nozzles 2 can be forned so that their
di aneters can be successively larger with I ncreasi ng di stance fromthe
vertex 3 or so that several

sprinkl ed water

adj acent nozzles 2 can have an equalg
di aneter.
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- 64- . The pattern of the strip zones 5 on the water head
1, as shown in Fig. 20, that is, a pattern of nozzl e distribution,
illustrates such an exanpl e that the desired sprinkling area |s in

rect angul ar shape, that is, a strip shape. Thus, theTh E‘}e
distributionis not limted to the one shown in Fig. 20. n
t he present enbodi nent, dianeters of gci 5@ are set t

0.8 mMm Since one strip zone Z vided on each side of the flrst

imaginary 10 straight line 8 paSS|ng t hrough the vortex 3 of the
sprinkler head 1, the single sprinkler head 1 can

FIG. 14

N

(a)
(b)

SPRINKLED WATER VOLUME

DISTANCE FROM RISE PIPE



sprinkle water onto two sprinkling zones at the sane time by
perpendi cul arly providing the sprinkler between the two sprinkling
zones, when the sprinkling area is 15 divided into the two sprinkling
zones. Since the strip zones 5 are each provided in a

range of angles of elevation of 15[err] to 85 and the nozzl e di aneters
are formed in a range of 0.4 mmto O.i / mm inpact forces of sprinkled
wat er droplets on the 20 soil surfa g %9 a sprinkling area is nmade
smal | er and gentle water sprinkling can be carried out w thout
reboundi ng of sprinkled water droplets fromthe soil surface. That is,
there are no such fears that the sown seeds wll flow away fromthe
soil or the roots will be 25 exposed fromthe soil by the sprinkled water
to .inhibit the growm h of plants.

FIG. 15
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Spri nkl ed water volunme per unit area of the sprinkler head 1 according

to the enbodi nent based on - 65 -
the fourth aspect of the present invention will be descri bed bel ow
A desired sprinkling area consisted of two sprinkling zones each
havi ng an equal rectangular 5 sprinkling area, and the sprinkler was
per pendi cul arly provi ded at the qﬂﬁbhpd position between the two
sprinkling zones, all over which water to be sprinkled. Thus, a

pattern of strip zones 5, that gy, %ge distribution pattern of nozzles
and nozzl e FiG 1




10 “dianeters, were set to those given in Fig. 20. The hem spheri cal
part la of the sprinkler head 1 had a dianeter of 5 cm the sprinkling
wat er feed rate was about 14 [err]/mn and the water pressure on the
nozzl es 2 was about 2 kg/cnR. 15 The wat er sprinkling
tests were carried out in t he sane manner as already descri bed before.
The results are shown in Fig. 23, n@?éﬁ the curve (a) shows t he
present enbodi nent. Spri wat er vol ume per unit area of
the 20 conventional water sprinkler head having a nozzle wth a t ot al
nozzl e opening area equal to that of the nozzles 2 of the sprinkler
head 1 of the present enbodi nent, was nmeasur ed under the sane test
conditions as above. The results are shown by curve (b) in Fig. 23.

FIG. 18




25 ° As is evident fromFig. 23, the present - sprinkler head

can sprinkle water substantially uniformy all over the sprinkling
zones, whereas the - 66-

conventional water sprinkler head fails to conduct uniform water
sprinkling. The foregoi ng enbodi nent shows an exanple of a sprinkler

head 1 capable of sprinkling water to msprl nkling zomgsshad: HhdeSRPRced
time, but the nunmber of the sprinkli nbs es all over whi
sprinkler head 1 can sprinkle at the sane tine ”I ll” “" nﬂ ‘

FIG. 19
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iswnot limted only to the two shown above. In order to sprinkle
water to 3 sprinkling zones at the sane tine, three strip zones nust be
provided on the sprinkler head. however, when water is to be sprinkled to
vari ous vegetables or flowers planted on ridges or to lines of linearly
planted trees, "etc., it is preferable to provide at |east one strip zone at
each side of the imaginary first straig@% line 8. When a plurality of strip
zones are to be forned, a relative po {($nal rel ationship of the strip
zones is not particularly limted. nbodi ments according to the
fourth aspect of the present in%rltGrl V\a be described in detail bel ow
In Fig. 24, Wwhich is a plan view of the surface of the heni spherical part

| a of the substantially hem } f head 1, as viewed fromthe
vertex side (Fig. 25 is an [ i , a plugality of nozzles
2 are fornmed in a rectan first i magi nary
straight lines 9a subst t hgr, as shown by

t wo-dot chain lines,

ofie S éncl osBUNQy t
in parallellto ea

e —




S TT——
67 - second i magi nary straight lines 9b intersecting the first

i magi nary straight lines 9a and 9a substantially at a right angle and
substantially in parallel to each ot her, as shown by two-dot chain
lines. The vertex 3 5 locates in the rectangular zone 5. That is, the
nozzl es are provided in the rectangul ar zone 5 encl osed by the

first imagi nary straight lines 9a andlgpsosecond i magi nary strai ght
lines 9b. As shown in Fig. 28, which is a vertical cross-sectional
view of the sprinkler head 10 through the vertex 3 and vertical to the
first imaginary straight lines 9a, the rectangular zone 5, that is,

t he first imaginary straight lines 9a, are provided so as to

satisfy the followi ng condition.

FI1G. 22




The first imaginary straight lines 9a are 15 provided so that their

angl es of elevation a to the center or symmetrical center O of the
hem spherical part | a can satisfy such a condition as, 30 err] < a <
90Lerr], preferably 45[err] < a < 90[err]. Refced
as shown inFig. 29, whichis a 20 vertical cross- sectiodﬂ,

sprinkl er head t hrough the verte nd vertical tot m

i magi nary straight lines 9b, the rect%é zone 5, that i1s,

second i magi nary straight lines 9b, are provided so as to sati sfy t he
followi ng condition. 25 The second imaginary straight |ines 9b
are provided so that their angles of elevation to the center or
symretrical center O of the hem spherical part |la can satisfy such a

condition as 30[err]< B < 90[err], preferably

(a)

SPRINKLING ZONE

FIG. 23

DISTANCE FROM RISE PIPE
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- 68 - 45[err] < B < 90[err]. Relationship in nagnifude bet ween a and

Bis not particularly limted. By providing the rectangul ar
zone 5 so as to satisfy the above-nentioned conditions, water can be 5
sprinkled constantly fromthe sprinkler head upward, and t hus wat er
can be sprinkled substantially uniformy all over a desired sprinkling
area. Furthernore, since the nozg ﬁﬁ%f are formed in the rectangul ar
zone 5, water is never sprinkl ed om t he sprinkler head 1 downward.
10 More specifically, the angl F el e ion a and B can be sel ected
according to the size of a sprinkl ar




di aheter of nozzles, distances between the perpendic- ularly provided

sprinklers, etc. A distribution pattern of nozzles 2 forned
15 within the rectangular zone 5 is not particularly limted, that is,
not imted only to the distribution pattern shown in Figs. 24 and 25.
For exanple, as shown in Figs. 26 and 27, the distribution pattern of
nozzl es 2 can be a pattern where @ﬂlees 2 are provided at 20 the
corners of the rectangular zone 5. The i bution pattern shown in
Figs. 26 and 27 is suitable for ri:ZE;ng water onto a circular
sprinkling area. TE%'&EEne of nozzles 2 is not

particul arly limted, but preferably is in arange of 0.1 nmto 2.0
25 mm because snall water drdplets can be sprinkled from t he nozzl es
2 having nozzle diameters iA the gbeve

2
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‘meniioned range and can be suspended in the air for a | ong tine,
wher eby sufficient heat exchange can be

> 69 - carried out between the water droplets and the air. When t he
di anmeter of nozzles 2 is snmaller than 0.1 mMm wat er droplets sprinkled
fromsuch nozzles 2 will be too smal |, and thus the rate of sprinkled
wat er volunme per 5 hour will be too Io§/égﬁsulting in insufficient heat
exchange between the water droplets and g ai r. \Wen t he di aneter of
nozzles 2 is larger than 2 nmm on { hand, the water droplets
sprinkled from such nozzles Wl e ly large, and will soon
fall

5
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10 downwards. That is, the water droplets cannot be suspended in the

air for along tine. In the present enbodi nent, nozzle dianeters are
set to 0.4 nmto 0.8 mm but are not limted thereto. Thus, water can
be sprinkled constantly fromthe sprinkler head 1 u’mmﬁﬁth$5kaﬂdlmam

I

be suspended in the air for a long tine, ensuring suf
exchange between the water droplgpﬁ nd the alr
Sprinkl ed water volune of the sprinkl ﬁ unit area an

t hereof on the prevention of 20 frost danage mnll be descri bed be|OML

A sprinkler with the present sprinkler head 1 was perpendicul arly
provided at the center of a rectangul ar sprinklimg area, 10 mx 5 m
Di stribution pattern and di aneter of nozzles im the rectangul ar

(b)
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25 zone 5, as shown in Fig. 24, were used, where dianeter of the

hem spherical part la of the substantially spherical sprinkler head 1
was 5 cm sprinkling water - 70 -

feed rate about 12 [err]/mn and water pressure on the nozzl es 2 about
2 kg/cnferr]. Water sprinkling tests were carried out in the

sane manner as already descri bed befobg./s esults are 5 shown in Fig. 30,
where the curve (a) shows results of the present sprinkler head 1.

On the other hand, the sprinkled Feafé VOlskITE




per unit area of the conventional water sprinkler having a nozzle with
a total nozzle opening area equal to that 10 of the present nozzle head 1

was neasured at the sane time under the sane conditions as above but

t he angl e of t he sprinkler head was changed in three sﬁiag@&}fagﬁégkgﬁaced
measurenents were conducted at three different angles).

shown in Fig. 30, where a group of cu%§ 15 (b) shows thélﬂgﬁmuﬁ"ﬁlﬁm@
conventional water sprinkler, i.é€. Qch of curves int

corre- sponds to each changed angle of the sprinkler head of t he

conventional water sprinkler. As is evident fromFig. 30,

the present 20 sprinkler head 1 can sprinkle water spbstantially

uniformy all over the sprinkling area, whereas the conventional water

sprinkler fails to conduct uniform

(a)
’

DISTANCE FROM RISE PIPE

FIG. 34
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wat er sprinkling. Ef fect on the prevention of frost danmage

was 25 investigated in a tea garden as a sprinkling area by wat er
sprinkling under the follow ng conditions. Tests were
carried out in an area, 10 mx 5 m - in a tea garden provided wth the
present water - 71 - sprinkl er
with the sprinkler head 1 at the centcer/Sb t he area (which wll be
her ei naft er reFrrGg:ao g ' pr esent area") and in another area, 10 m X
5m inthe te rdehy provi ded with the conventional water sprinkler
5 at the center of the area (whi chmw ' er

FIG. 36




referred to as "conparative area"). These two area were
wat er constantly every ni ght under the

when the climatic tenpera- ture was lowered to less than -2[err]C from
the mdnight to 10 early norning, tea | eaves and | eaf buds of tea trees

planted in both of the present area and the conparative area were

i nspected in the afternoon and conpar & th one another. It was found
that the tea trees planted in the present area were not danaged with
frosts at all and 15 were

oun e, whereas those planted in the
conparative area suffered fr dﬁi ?aﬁolor into br own or
wi t hering of sone | eaves and buds hat

is, frost damages of tea
trees were observed in the

conparative area, and were particularly
remarkable in 20 the region near the wgter sprinkler

sprinkled with
sane conditions. On the day
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Furthermore, a difference in the aver age climatic tenperature was

observed during the nights bet ween the present area and the conparative
area. That is, the average climatic tenperature in the present area 25
during the nights was higher than that in the conpara- tive area. As
Is evident fromthe difference in the climatic tenperature, sufficient
heat exchange occurred bet ween t&g/gﬁter droplets sprinkled fromthe
pr esent - 72 -

FIG. 38
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i

sprinkl er head and the air, whereas no sufficient hedt exchange occurred
between the water droplets sprinkled fromthe conventional water sprinkler
and the air. Enbodi ments according to the fifith aspect of the
present invention will be described in detail bel ow/ In Fig. 31
which is a plan view of the sur{ace of the hemi spherical part la of the
substantially hem spherical sprinkler 1, as viewed fromthe vertex
side (Fig. 32 is an elevation view thereof), a plurality of nozzles 2 are
formed in two divided zones. O the substantially hem spherical sprinkler
head 1, divided by an imaginary straight |line -8 passing through the vertex 3
of the substantially hem spherical sprinkler head 1, as shown by a two-dot
chain line, the nozzles 2 in one.of the two divided zones, as shown by the
upper divided zone over the first imaginary straight line 8 in Fig. 31, has
a denser nozzle distribution with increasing distance fromthe vertex 3,
whil e the nozzles 2 in other divided zone, as shown by the | ower divided
zone below the first imaginary straight line 8 in Fig. 31, has a spar ser
nozzl e distribution with increasing distance fromthe vertex 3. That is,

the nozzles 2 are fornmed in a zone 5 encl osed by two second i magi nary i nes
9 intersecting a first imaginary straight |line 8 passing through the vertex
3 of the substantially henlspherl 'SEirlnk head 1 substantially-at a
right angle and substantially in ch ot her, as shown by
two-dot chain lines; the zone 5 |s further

{2m

8m




- 73 - divided into two subzones by the first inagfnary étraight

line 8, the respective divided subzones are further divided each into
two subsections by an i magi nary ellipse 6 drawn by a segnment of a line
between 5 two intersections of the first imaginary straight line 8

and the two second imaginary straight lines 9 as the | i ne of upsides.
In Fig. 31, the imaginary ellipse 6 i% 5 shown by a two-dot chain |ine.
That is, the zone 5 is di vided i Pé g subsecti ons 5a, 5b, 5c and 5d.
The 10 nozzles 2 in the subsect BS@P og%iide t he i magi nary ellipse 6
in one of the subzones, i.e. the u r* subZone

13d  1d




above the first imaginary straight line 8 in Fig. 31, have a | arger

total opening area than in the subsection 5b inside the imginary
ellipse 6, while the nozzles in 15 the subsection 5d outside the inmaginary
ellipse 6 in ot her subzone, i.e. the |l ower subzone below the first

i magi nary straight line 8 in Fig. 31, have a smaller total opening
area than in the subsection 5c inside3pﬂgo i magi nary ellipse 6. 20

Rel ationship in the nagnitude between total nozzle opening area of
nozzles 2 in the subsection 5b and that in the subsection 5c is not
particularly limted and the positions of the second inmaginary
straight lines 9 and a ratio of the line of upsides to 25 the mnor axis.
of the ellipse 6 are not particularly limted. The zone 5 may not

i ncl ude the verti

G. 43A FIG. 43B

FIG. 4




The nozzles 2 forned in the zone 5 have i ncreasing dianeters with

i ncreasi ng distance fromthe - 74 -
vertex 3. That is, the nozzles 3 can have successively i ncreasi ng

di aneters with increasing distance fromthe vertex 3 and several

adj acent nozzles 3 may have an equal diameter to one another. 5

A distribution pattern of nozzles 2 o ]F§§ sprinkler head 2 shown in
Fig. 31 illustrates such an exan%%é hat the shape of an inclined
sprinkling area is a square. Thus, the distribution pattern of nozzles
2 is not limted only to that shown in Fig. 31, and any

FIG. 45

FIG. 46A
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10 distribution pattern of nozzles 2 is applicable so |ong as it can

sati sfy the above-nentioned condition for the total nozzl e opening
area. That is, the distribution pattern of nozzles 2 can be selected
in view of a degree . of inclination and size of an inclined sprinkling
area, 15 dianeters of nozzles 2, etc. In the present
enbodi nent, dianeters of nozzIeS3éV§be set to, for exanple, 0.4 mmto
1.3 mm but the distribution patté and di anmeters of the nozzles 2
are not limted to those given above. 20 In the case of
sprinkling water onto an el jped sped nkling area, the sprinkler nust
be perpen- dicularly proFicGo t&?the subsection 5a can be
faced to the downward side of the Inclin area, whereby t he vol une of
wat er sprinkled to the downward si de of
L
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25 the inclined area can be nmade larger than that to the upward side

of the inclined area. Furthernore, the sprinkling distance of water
dropl ets can be sel ected as desired by formng the nozzles 2 in the
above- nenti oned - 75 - over the
desired inclined sprinkling area. Since the inpact force of
spri nkl ed water droplets on the ggié surface of the inclined
sprinkling 5 area can be | owered by ( Qting t he di ameters of

nozzl es 2, thereby making the sprinkled water droplets smal | er, water

can be gently sprinkled even onE lthé 49




upward side surface of the inclined sprinkling area wi thout hitting
the soil surface by the sprinkled water 10 droplets, that is, wthout

reboundi ng of the water droplets fromthe soil surface. Thus, the sown
seeds never flow away fromthe soil or |eaves or stens are never
damaged or plant growh is never inhibited t hereby. Thus, the
sprinkler head 1 of the present 15 ega? hment is very suitable for water
sprinkling onto an i nclined sprihfk g area. Spri nkl ed
wat er volume per unit area of the present sprinkler head 1 will be
descri bed in detail bel ow. 20 As shown in Fig. 33A an

i nclined sprinkling area 15 was in the shape of a square of given size

and the rise pipe 11 of Fthese515Ai nkl er was
/13a

13g




perbendicularly provi ded substantially at the center of the inclined

sprinkling area 15 to sprinkle water all 25 over the inclined sprinkling
area 15. The distribution pattern of nozzles 2 in the zone 5, that is,
t he distribution pattern and di aneters of nozzles 2 were set to
those shown in Fig. 31, where dianeter of the

76 - hem spheri cal part |a of thgazﬁgstantially hem spheri cal
sprinkler head 1 was 5 cm sprinkling r feed rate about 17
[err]/mn and water pressure on the nozzles about 2 kg/cn2. 5

Water sprinkling tests were carried out in the
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sarre manner as already described before, and the results are shown in

Figs. 33B and 34, where curves (a) shows the results of the present
sprinkler head 1. As is evident fromFigs. 33B and 34, there is no
difference in 10 the sprinkled water volume per unit area between the
upward side and the downward side of the inclined sprinkling area 15.
On the other hand, the conventi onal mgé sprinkl er having a nozzle
with a total nozzle opening 15 area §3%| to that of the sprinkler head 1
was subj ected to the sanme water sprinkling tests in the same manner
under the same test conditions as above, but the angles of the

conventional sprinkler were chF*@ n t%ﬂ stages (that is, the
measurenents were carried out At t hr I Merent angles). The results

are shown by a

FIG. 53B
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grodup of curves (b) in Figs. 33B and 34, i.e. each of curves in the

group (b) corresponds to each changed angl e of the sprinkler head of
t he conventional water sprinkler. It was found that there was
difference in 25 the sprinkled water volume in unit area between the
upward side and the downward side of the inclined sprinkling area 15,
that is, the sprinkled water vol une 37/568" unit area is larger on the
upward si de of the - 77 -

FIG. b4A




inclined sprinkling area 15 than on the downward side thereof. As is
evident fromFigs. 33B and 34, the present sprinkler head 1 can sprinkle
wat er substantially uniformy all over the inclined sprinkling area 15,
whereas the conventional water sprinkler fails to conduct uniform water

sprinkling. In the foregoi ng enbodi ment, a sprinkler head 1 capable
of sprinkling water all over an incllgggﬂﬁprlnkllng area of square shape
has been illustrated, but the shape o inclined sprinkling area to be

sprinkled with the present sprinkler head 1 is not limted only to the
illustrated square shape, but can also include any desired ot her shape,
such as pol ygonal shapes including a rectangul ar shape, a circular shape,
an elliptical shape, etc. Conbinations of distribution pattern and

di anmeters of nozzles 2 can be selected in view of a degree of inclination
and size of an ling area, a sprinkllng jater rate, etc.
Enbodi nent s achi SSGA xth aspect of the e § ing;é%n w il be
described in detai eTo According to a first ehbodi ment as shown

in Figs. 35 and 36, nozzle 2 are fornmed al ong concentrical lines fromthe
vertex 3 of the substantially hem spherical sprggkler head 1 asl 13

13a 133

FIG. 57
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center. The nozzles 2 formed al ong the sane concentrical lines, i.e. at the
sane angle of nozzle elevation to the venter of the hem spherical part |a

have the small est dianeters at - 78 -
positions nearest to four inmaginary |lines 4 sub- stantially radially
extending on the surface of the hem spherical part la fromthe vertex 3
downwar ds at an angul ar di stance gg to one another and have 5

i ncreasing diameters with increasing distance fromthe i magi nary |ines
4. Dianeters of nozzles 2 formed al ong the concentrical |ines increase

in a substanti al

I con nt. ratio with increasing distance fromthe
i magi nary |ines éf—L"t@-iSQQAnozzles 2 along or 'EL'G 588
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10 "'positions nearest to imaginary central lines 5 each | ocating at
equal distances fromthe tw adj acent i magi nary |ines 4 have the

{1 argest dianeters, whereas the diameters of nozzles 2 decrease with
i ncreasi ng di stance fromthe imginary central lines 5 and are the
15 smal l est along or at positions nearest to the imaginary i nes 4.
Furthernore, total nozzle opening area4§/ nozzles 2 fornmed al ong the
same concentrical |ines i ncreases PQ i ncreasi ng di stance of the
concentri cal lines fromthe vertex 3, that is, wth decreasing angle
20 of nozzle elevation. That is, the total nozzle opening area of
nozzles 2 fornmed along the farthest concentrical line fromthe vertex
3 is larger than that of nozzles 2 formed al ong the nearest
concentrical line to the vertex 3. Total nozzl e opening area of
nozzl es forned al ong

FIG. 61




25 the concentrical line in the internediate region is | arger than

that of nozzles 2 nearer to the vertex 3 and snall er than that of
Rozzles 2 farther fromthe vertex 3.

- 79 - Pattern of imaginary lines 4 on the surface of t he
substantial ly hem spherical sprinkler head, as shown in Figs. 35, that

is, adistribution pattern of nozzles 2, shows an exanple that the
shape of a sprinkling area 5 is a sédgﬁg. Thus, the pattern of nozzles 2
i s not limted only to the pattern shown in Fig. 35. In
the present first enbodi nent, dianeters of

FIG. 63
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nozzles 2 on the substantially hem spherical had are sel ected as
follows: 10 At first, description wll be made of the

regi on enclosed by the inmaginary |ine 4a and the i magi nary central
line 5a. As shown in Fig. 35 and Table 3, 6 nozzles 2 are formed al ong
a concentri cal line a at an angle of el evation of J¥is ShoaiHakBées Rifised 15
farthest fromthe vertex 3, accordi ng4gz Qngl es between e!"m”"ﬂL mglﬂary
| ine 4a and each of the segnents from g of noz2l e
vertex 3, which will be herein- after referred to as "sector a s".
D ameters of the nozzles 2 are 0.4 nmfor 20 nozzle al at a sector.angle
of O locating on the imaginary line 4a, 0.5 mmfor nozzle a2 at a

sect or angle of 9[err], F'SG‘HGB nozzle a3 at a sector angle of

4f(4) 4k(4)
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18[err], 0.7 mmfor nozzle a4 at a sector angle of 27[err], 0.7 mm f or
nozzle a5 at a sector angle of 36[err] and 0.8 mmfor 25 nozzle a6 at a
sector angle of 45[err] locating on the i magi nary central line 5a with
I ncreasi ng di stance from the imaginary |ine 4a.

- 80 - Li kewi se, 4 nozzles 2 are fornmed al ong anot her
concentrical line B at an angl e of eleéstgan of 60[err], whi ch | ocat es
in the internediate regi on, and di anet é of the nozzles are as :
follows: in the direction from 5 the inmaginary line 4a toward the

I magi nary central |ine 5a, dianmeters are 0.4 mmfor nozzle Bl at a
sector angle

WATER
DROPLETS
—

;IO

FIG.67




of B6[err], 0.4 mmfor nozzle B2 at a sector angle of 17[err], 0.5 mMm

for nozzle B3 at a sector angle of 28[err] and 0.5 nm for nozzle B4 at
a sector angle of 40[err]. D aneters of 10 nozzles 2 fornmed along a
further concentrical line y at an angl e of elevation, which is the
nearest to the vertex 3, are as follows: 0.3 mmfor nozzle yl at a
sector angle of 11 near the inmaginary I%4y3‘4a and 0.4 mm for nozzle y2
at a sector angle of 33[err] near the (%aginary central line 5a. The
sanme nozzle distribution pattern as above is applied to the entire
surface of the hem spherical part la. Thus, there are 4 nozzles al, 8
nozzl es a2, 8 nozzles a3, 8 nozzles a4, 8 nozzles a5, 4 nozzl es a6, 8
nozzles Bl, 8 nozzles B2, 8 nozzles B3, 8 20 nozzles B4, 8 nozzles yl and
8 nozzles y2. The distri- bution pattern and dianeters of nozzles 2
are not

FIG.68
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limted only to those given above. - 81

- Table 3 Nozzl es
‘Sect or Di anmet er Tot al 2 angle ([err]) (mm
nunber Concentri cal al 0 0.4 4 i nea
a2 9 0.5 8 (Angl e of
0.6 8 el evation:  27[err])45/54 s Sheet dla BeeﬂRepl
a5 36 0.7 8 3
0.8 4 Concentri cal Bl
line B B2 17 0.4 Angl e of
B3 28 0.5 8 el evation: 60[ err] )
0.5 8
°
W
Q.
a
3 3
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Concentri cal liney yl 11 0.3 8
(Angl e of y2 33 0.4 8 el evation 80[err])
Yater sprinkling tests of the above-nentioned sprinklerhead 1 were
carried out on a square sprinkling area 6, 10 mx 10 m as shown in
Fig. 37TA in the sane manner as al ready descri bed before by
perpendicularly 5 providing the sprinﬁkzé at the center of the sprinkling
area 6, where dianeter of the hem spher p part |a was 5cm a
sprinkling water feed rate about 13 e/mn. and wat er pressure on the
nozzl es 2 about 2 kg/cn®. Results of water sprinkling tests
wll be 10 described on a one-fourth part of the sprinkling area 6,

i.e. a hatched square abcd shown in Fig. 37A. The results are shown in
Fig. 37B, where the zones sprinkled

FIG.70
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fromthe nozzles al are zones al, those sprinkled from the nozzles a2
are zones a2, the zones sprinkled from

< 82 - the nozzles a3 are zones a3, the zones sprinkled from t he
nozzles a4 are zones a4, the zones sprinkled from the nozzles a5 are
zones a5, the zone sprinkled fromthe nozzle a6 is zone a6, the zones

sprinkled fromthe 5 nozzles Bl are 4?ﬂﬁ? Bl, the zones sprinkled fromthe
nozzl es B2 are zones B2, the zones sp ed fromthe nozzles B3 aré
zones B3, the zones sprinkled fromthe nozzles B4 are zones B4, the
zones sprinkled fromthe
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nozzles yl are zones yl, and the zones sprinkled from 10 the nozzles y2
are zones y2. O her parts of the sprinkling area 6 than the
dquare abcd, that is, the remaining three-thirds, could be |i kew se
sprinkled with water substantially uniformy all over fromsimlar
nozzles al to a6, Bl to B4 and yl 15 to y2. Thus, the entire sprinkling
area 6, i.e. square aefg, could %ﬁlé rinkled wwth water by the present
sprinkler head with substantially equ @rinkled wat er vol unes per
unit area. In the foregoing first enbodinent, a 20
sprinkling area of square shape has been exenplified, but the
sprinkling area is not limted only to the square shape, but can be a
rect angul ar shape, other pol ygonal shapes, a circul ar shape, an

el liptical shape

o
—

FIG.72




or Tany ot her desired shape of any size. That is, a 25 conbination of

distribution pattern and di aneters of nozzles 2 can be selected in
¥i ew of the shape of a sprinkling area, a sprinkled water volunme per
unit area, etc. - 83 - A
second enbodi nent of the sixth aspect of the present invention wll be
descri bed below, referring to Figs. 3% &ﬁ%40' As shown in figs. 38
and 39, the distribution pattern and ? ters of nozzles 2 fornmed on the

surface of the

FIG.73




hem spherical part la are different fromthose given in the foregoing first

enbodi nent shown in Figs. 35 and 36, as follows: That is, nozzles 2
formed al ong the same concentrical lines fromthe vertex 3 of the
hem spherical part la as a venter, i.e. at the sanme angles of elevation,

have the smal | est dianmeter at positions nearest to two imaginary lines 4
substantially extending on the surfac g§ the hem spherical part la from
the vertex 3 downwards at an angul ar Sp %nce of 180[err] to one anot her
and have increasing dianeters with increasing distance fromthe inmaginary
lines 4. Dianeters of nozzles 2 fornmed al ong the concentrical |ines
increase in a substantial constant ratio with increasing distance fromthe
imaginary lines 4. That is, the nozzles 2 along or at positions nearest to
an imaginary central line 5 |ocating at equal distances fromthe inmaginary
lines 4 have the | argest dianmeters, whereas the dianeters of nozzles 2
decrease with increasing distanc t i magi nary central lines 5 and
are the small est al ong or at posﬁ#[;é_n?eaﬂest to the imaginary |ines 4.
Furthernore, total nozzle opening area of nozzles 2 forned al ong the sane
- 84 -




concentrical lines increases with increasing distance of - the

concentrical lines fromthe vertex 3, that is, with decreasi ng angl e of
el evat i on. D ameters of nozzles 2 are sel ﬂé@sBéhRqﬂmmd
fol | ows: At first, description will be nad

region enclosed by the imaginary line 4a and the I’ mg‘, H,
line 5a. As shown in Fig. 38, n §zles re forned al ong

concentrical line a at an 10 §é§ﬂg§gglg+é§h++§n of 27[err] according to

t he sector angles. Dianmeters of the nozzles 2 are 0.4 nmfor

‘nozzle al locating on the imaginary line 4a at a sector angl e of

O[err], 0.4 mmfor nozzle a2 at 26! QbR L of 9[err], 0.4 mmfor
nozzl es a3 at a sector angle of—gggerr$r—gﬂg~£§5 nm for nozzle a4 at a
sector angle of 27[err], 0.4 mmfor
A liguid sprinkler is provided for locating
perpendicularly at a desired position in a desired liquid
sprinkling area.

The sprinkler comprises:

(1) a rise pipe perpendicularly locatable at the

desired position in the desired ligquid sprinkling area,
(2) an upwardly convex, substantially hemispheri-
cal sprinkler head having a plurality nozzles capable of
sprinkling a liguid to the desired sprinkling area, the
sprinkler head being detachably mounted on the top end
of the rise pipe, and

(3) a liquid distributor pipe connected to the
rise pipe at the lower end can set a sprinkling distance
of liquid droplets as desired by selecting a nozzle
diameter, an angle of nozzle elevation and a water
pressure in combination. For example, the sprinkliné
distance of liquid droplets can be changed according to
shapes and size of sprinkling area, and liquid sprinkl-
ing can §g gffectéd'all over the entire surface of

sprinkling area of desired shape and size,



nozzle a5 at a sector angle of 36[err], 0.4 nmfor nozzle a6

sector angle of 45[err],

0.5 mm for

nozzle a7 at a

sect or angl

at a
e of 54, 0.5
nozzl e a9 at

mm f or

nozzle a8 at a sector

angle of 63[err], 0.6 mm for

a sector angle of
8k[err] and
line 5a at a segt

20 72[err,

0.7 mm for

nozzl e al0 at a sector angle of

| ocat i rgypfithtfeesheBrg N2 Mineeno9el

{E— $8. —mr fornezzle al l
”ang[e,of 9@[ err] .
4150

I ncreasi ng di stance fromthe

i magi nary |ine 4a [T1Kewi'se, 8 n es 2 are forned al ong anot her
concentrical |ife 8125”%[1, angle of elevation of 60[err] according to
t he sector amgl es. driet ey sj of the mozzles 2 fromthe inaginary
line 4a toward {he—t +Rary-eentyal line 5a are 0.4 mm fgr nozzl e Bl
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- 85 - B2 at a sector angle of 17[err], 0.4 mmfor nozzle B3 at a
sector angle of 28[err], 0.4 nmfor nozzle B4 at a sector angl e of
40[err], 0.5 mmfor nozzle B5 at a sector angle of 50[err], 0.5 mm for
nozzle B6 at a sector angle of 62[err], 0.5 5 mmfor nozzle B7 at a sector
angle of 73[err] and 0.5 mm for nozzl e B8 @#strutLshest angl rurf 1996

84[ err]. Likew se, 4 nozzles are fornmed along a further concentrical
line y at an angl e of el evation #/¥b accordi ng to the sector

angles. Dianmeters of the nozzles 2 fromthe imaginary 10 |ine 4a toward
the imaginary central line 5a are 0.3 nm*™ O at a sector
angle of 11[err], 0.3 mmfor nozzle y2 at RQPMWNTWW f 33[err],

0.4 mm for nozzle y3
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at a sector angle 57[err]
79[err].

as above are applied to the
hem spheri cal

| a, and the

and 0.4 mmfor nozzle y4 at a

sector angle

The sanme distribution pattern and 15 dianeters of the nozzles 2
entire surface of the hem spherica
part la on the entire surface has 4 x (11

part

nozzles al to all, 8 nozzles Bl to B8 and 4 noggh&dturté sheet - 12 Ydde 1995

distribution pattern and di aneters of

t hose gi ven above.
with

20 nozzles 2 are

not limted only to

vateﬁlﬁﬁrinkling tests were carried out

enbodi nent onto a rhonbic sprinkling area 7 shown in

sane conditions as in the above-
coul d be sprinkled all over| (REELACHYH

found that water

25 nmentioned fi

t he sprinkler head according to the foregoing second

Fig. 40 under the
odiment. It was
Rkl i ng

area 7 with substantially equal sprinkled t >
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-86 - unit area. That is, the sane function and effects as in the
Enmbodi ment s

above-nentioned first enmbodi ment coul d be obtai ned.
i nvention will be described

according to the seventh aspect of the present
A distribution pattern of nozzles shown in Fig. 41,

in detail bel ow

which is a plan view of a hem spherical head | aggh | allay

hem spheri cal sprinkler head 1, is di reé:}éz-ﬂ to suc t&ggégﬁgér{plg ‘#é'?e t1ﬁ§6
thus the distribution pattern

shape of a sprinkling area is a square,
limted only to the pattern shown in Fig. 41. Fig. 42

of nozzles 2 is not
is an el evation view of the hem spheri cal ”n;aéiﬁd. SAOWA oBeF11g. 41, In this
enbodi nent, dianeters of nozzles 2 are set {0 L%GE{@T\E’!WSHEELF however,
t he
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di stribution pattern and diameters i of nozzles 2 are not limted to those
given above. As shown in Fig. 41, projections id are provided at
positions near the connection part Ic of the sprinkler head 1 to be engaged
with a head cover 13 as a sprinkling inhibiting menber. That is, the head
cover 13 is provided on the sprinkler head 1 tg,Kiate §hg9{InQnJlg{eqbga
nozzles 2 on the sprinkler head 1. The head cover 13 has recesses 13d f

being inserted with the projections | d/80 the hemi spherical part |a. By
inserting the projections |d into the recesses 13d, the head cover 13 can
be engaged with the sprinkler head 1. hbzngmeening regions 13a, which are

parts of the henispherical part la of the spripkices-head.c re provided
outside the coverage of head cover 13, and} ——wrm aﬂ{%T
- 87 - wat er thus can be ejected only ffr¢mthe nozzles 2| | ocat - i ng
wi thin the nozzl e opening rggi ons 13a. 12 JUN 139 >
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In the foregoi ng enbodi nent the projections |d are provided on the

sprinkler head 1, and the recesses 5 13d are provided on the head cover
13 to engage the head cover 13 with the sprinkler head 1. The present
I nven- tionis not limted thereto. That is, recesses 13d can be

provided on the sprinkler head 1 and the projegihSnsite shebPD 12eJ S ioded on

the head cover 13. O her exanpl es of bﬂ the procedure for engagenment wl |
be described | ater. As 180N i n Fi gs. 43A and 43B, the head
cover 13 can be in such a shape as to cover the circunference at
t he connection counterpart of the hem spheric art la (not shown in
the drawings) with respect to the 15 conneftRm) spaik shown in the
drawi ngs), where proj ections 13e are prav'-eé§g£§&~ﬁg§fﬁions on @he
head cover 13 and recesses are provided t he correspgngi ng pd
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4 positions on the sprinkler head 1 (not shown in the drawi ngs) to
insert the projections 13e into the 20 recesses, whereby the head cover

can be nore firmy fixed to the sprinkler head 1 and a fear of
unexpect ed di sengagenent of the head cover 13 fromthe sprinkler
head 1 can be elim nated. The &apsERite $haepd 102)543531@93; to

cover the 25 sprinkler head 1 fron1tqd utside, but is not limted

thereto. So |l ong as the head cover 4 § i nhibit water ej ection from
t he specific nozzles 2, the head cover can be provided by providing
it on the inner surface of - 88 -

FIG. 14

a

SPRINKLED WATER VOLUME

DISTANCE FROM RISE PIPE



the sprinkler head 1, as shown in Fig. 45. " In the foregoing

enbodi nents, the head cover 13 is in such a shape as to cover the
central rectan- gul ar region of the hem spherical part la, as shown in
5 Fig. 41, but is not limted thereto. O her exanples of t he shape

W |1 be described in detail later. For gubsttute shieet hdJyoe 49 may
cover only a one-half of t he eats/rsg surface of sprinkler head 1, as
shown in Fi gs. 46A and 46B. Structure of the connection
bet ween the head cover 13 and the sprinkler head 1 will be descri bed
in detail below For sinplification of the description, t he
structure is directed to coverage only of an one- hal f of the entire

area of sprinkler head 1, as 15 mentioned above an
46B, in the

46A and
REPLACEMENT SHEET
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foll owi ng descri ption. ' As shown in Fig. 48, an elastic bent
part 13c is provided by extension fromthe | ower end of the head
tover 13, and the recesses 13d for being inserted with 20 the projections
| d are provided at positions in contact with the projections 13c. By
inserting the projections ld into the regpstfiftelshbett-Ne2 Dand 198@r 13
can be engaged with the sprinkler Bgad 1, when provided on the

outer surface of the sprinkler head.18/8 , When the 25 head cover 13
provi ded on the outer surface of sprinkler head 1 is pushed downwards
fromthe overhead, the bent parts 13c are expanded outwardly by the
projections |d. By further pushing the head cover 13 downwards, the

REPLACEMENT SHEET
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-
. 89 - B

projections Id are inserted into the recesses 13d and t he
expanded bent parts 13c are returned to the original

position before
t he pushi ng, whereby the head cover 13 can be firmy engaged with the
sprinkler head 1. That' 5 is, the head cover

13 can be ty 96 engaged
with the sprinkl er head 1. gubstitute; shegt- y@eggggggry that the
projections Id and the recesses 13d have such a function as to
det achably engage the head cover 23/5@8th the sprinkler
the sprinkler head 1 can be provided with
part and recesses,

proj ecti ons.

10 head 1. Thus,
t he above-nmenti oned bent

wher eas t he head cover 13 can b !
R A S

12 JUN 1996
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...__/7
Furthernore, as shown in Fig. 49,the bent
13 can be provided with the
sprinkler head 1

" inserted

part 13c of the head cover
15 projections 13e (see Fig. 43A) and the
can be provided with the recesses |e for being

with the projections 13e. Furthernore, the Ak o386
head 1 can be |ikew se provided with the kgstipatetshaad - 159("9?0119;%“ ons
t hereon, whereas the head cover 13 can be 20 provided with the recesses.
In place of the structure as show24/80F; g. 48, - the structure as shown
in Fig. 50 can be enpl oyed, where a projections |f are provided at
positions on the hori zont al

ci rcunference of the hem spherica
at 25 a level in contact with the |ower end regi

part |a
n of the head cover
13 and the head cover 13 is nmade froman el astic et eypipph oA TPEgMiTded
with the horizontal groove 13f for i
12 JUN 1996
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being inserted with the projections |If along the
- 90 - hori zontal inner circunference of the | ower end region of

t he head cover 13. In the structure as shown in Fig. 50, the
| ower end region of the head cover is expanded when the 5 head cover 13
I s pushed downwards fromthe overhead. By subgﬁtm@gﬁe@pshlzng,ﬁ@qglwd
cover 13 downwards, the proj ecti | f are inserted into the

hori zontal groove 13f. On the o?ﬁzsohand, when the head cover 13 is
subject to an upward force, the lower end region of the 10 head cover is
expanded by pushing with the projections*

REPLACEMENT SHEET |

FIG.65
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i s disengaged fromthe hori zont al
13 can be det achably engaged with

the sprinkler head 1. Further- nore, since the projections If and the

hori zontal groove 15 13f are formed along the horizontal circunferences of

the sprinkler head 1 and the head cover 13, resgeitu¥®sheet - 1I2yJu,qé1qgl%ad
13 can be rotated while engaged Sq the sprinkler head 1.

in this enbodi nent, the projectl 3g can be provided on the

circunference of 20 the |ower end region of the head cover 13 and the

hori zontal groove | g can be provided on the circum f he
sprinkler head 1. In order to snoothly insert the ind \ﬂEnTUMEMF,\:T S"EET

projections into the horizontal groove, when the head do
provi ded on the 25 sprinkler head 1, vertical grooves as|{g Id?ﬁ'jdh‘?Qé
i

| eadi ng

| f "and thus the projections |If
groove 13f, whereby the head cover

cover

FIG.69
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t he individual projections into the horizontal groove can be provided

at ‘the horizontal groove, as shown in Figs. 52A, 52B, 52C and 52D,

where vertical grooves |i - 91 -

i ntersecting the horizontal groove |h at a right angle ' on

the sprinkler head 1, and when the head cover 13 4 Mpﬂoﬁ% d ton
on

the i nner surface of the sggé; & ad 1, .projec iRSRs BT OV1 O
the head 5 cover 13, as shomn'rn—éégST—ggigén%lSZD, ak e{qui ded ag%b
can snoothly travel along the horizontal grooves Ii. F{gsﬁﬁt B an
are a vertical cross-sectional view iy -

LIQUID SPRINKLER

A liquid sprinkler is provided for locating
perpendicularly at a desired position in a desired ligquid
sprinkling area. .

The sprinkler comprisesi

(1) a rise pipe perpendicularly locatable at the

desired position in the desired liquid sprinkling area,
(2) an upwardly convex, substantially hemispheri-
cal sprinkier head having a plurality nozzles capable of
sprinkling a ligquid to the desired sprinkling area, the
sprinkler head being détachably mounted on the top end
of the rise pipe, and

(3) a liguid distributor pipe connected to the
rise pipe at the lower end can set a sprinkling distance
of liquid droplets as desired by selecting a nozzle
diameter, an angle of nozzle elevation and a water
pressure in combination. For example, the sprinkling
distance of liquid droplets can be changed according to
shapes and size of sprinkling area, and liquid sprinkl-
ing can be effected all over the entire surface of

sprinkling area of desired shape and size,



and a hori zontal
respectively

helsd7x 9

10 cross-sectional vifew of the

cross-sectional view of the sprinkler
and Fig. 52D is_a.horizontal

v a !

head cover ] is, in the structure as shown in Figs.
52A to 52D, the %8@'\@%%@} HEES engaged wi tBubstitute shespr Bn@tiobenet@81 i n
t he follomnng ner: . At first, the head cover 13 or the
sprinkler 15 hga 1;gs&ﬁﬁﬁ@ghl ted so that the projections 13h can

travel along th ertical groovéstli. Wen the proj ections 13h reach
t he ends of the “fcal grooves li, i.e. the horizontal groove |h,

t he head cover 1

or inkPer head 1 is twisted toward the right

or left 20 side to allow the prOJectlons 13h to travel along the
hori zont al roov carrl d Qu i ng
oot the. aBolbaR iR Ao AL RO R ORBLY rabh S (HE Ybire spPtnkfldd

area of any desired shape and size.

The present invention also seeks to provide a liquid
sprinkler capable of sprinkling a liquid substantially uniformly
all over an inclined sprinkling area, i.e. an inclined plain.
The present invention also aims to provide a 1liquid

sprinkler capable of sprinkling smaller ligquid droplets
substantially uniformly all over the sprinkling area while
suspending the liquid droplets in the air for a long time,
thereby sufficiently conducting heat exchange between the liquid
droplets and the air, that is, a liquid sprinkler utilisable as

a device for preventing frost damages.
According to the present invention, there is provided a

liquid sprinkler for locating at a desired positron in a desired

(1)

upright rise pipe locatable at a desired position in the desired

liquid sprinkling area, which sprinkler comprises: an

liquid sprinkling area, (2) an upwardly protruded, substantially

hemispherical sprinkler head having a plurality of nozzles for
delivering a 1liguid to the desired sprinkling area, the
sprinkler head being detachably mounted on the upper end of the
rise pipe, and (3) a liquid distributor pipe connected to the
lower end of rise pipe wherein the sprinkler head has nozzles
formed along a plurality of imaginary lines intersecting at the
vertex of the substantially hemispherical sprinkler head and
extending substantially surface of the

radially on the

substantially hemispherical sprinkler head, and the nozzles
formed along the same imaginary lines have increasing diameters

with increasing distances of the nozzles from the vertex.



reversed order. That is, the sprinkler head 1 and the head cover 13,
once engaged, will -net:-be-disengaged from 25 each other even if the
sprinkl er head L{HﬁqSﬁbﬁ@gﬂﬂﬁbﬂ,ﬁi unexpect ed upward force. Engagenent
or di sengagenent} of """ t he hedd jcover 13 wiSibstitute shesthe8sPetaberer9gdizad
1 can be eapi| yqyearried: Gut). | - 92
- u thé?ﬁbre, as ishown in Figs. 53A and 53B, snal
vertical groovesjl8j-—eafr—be provi ded at several | ocations on the outer

end regi on of head CO;?L“E§A~QQQ—~ projections |j for being inserted
into the small ~verYTcal grooves tén be provided on the inner surface of

The sprinkler head is capable of setting ‘a liquid
sprinkling distance as desired by selecting a nozzle diameter,
an angle of nozzle elevation, and a liquid pressure on the
nozzles in combination; the angle of nozzle elevation may be
selected in a range of 20° to less than 90°; the nozzle diameter
may be in a range of 0.1 mm to 2mm; and a liquid pressure-
changing means capable of changing the ligquid pressure on the
nozzles to a desired pressure may be provided in the liquid

distributor pipe or the rise pipe.

Since the liquid sprinkling distance can be set as desired

by selecting a nozzle diameter, an angle of nozzle elevation,.

and a liquid pressure on the nozzles in combination, the liquid
sprinkling distance can be changed, for example, according to
the shape and size of a sprinkling area, whereby a liquid can be
sprinkled substantially uniformly all over the sprinkling area

of any shape and size.

Particularly if the angle of nozzle elevation is selected
from a range of 20° to less than 90°, the liquid ejected through
the nozzles under the selected liquid pressure never hits the
soil surface of the sprinkling area. Thus, there 1is no
rebounding of the sprinkled liquid droplets and the liquid can
be gently sprinkled.



sprinkler head 1. After the head cover 13 is provided on the sprinkler
head 1, the head cover 13 or the sprinkler head 1 or both are tw sted
to make sone rel ative dislocation. That is, one of the projections 10

lj on the sprinkler head 1 can slip out of ongulsdtitufe sheet - S@ttobeer19QAl
grooves 13] to the adjacent vertical groove 13) by the tw sting and

I nserted therein, whereby further twisting can be interrupted. Wth an

appr o- priate rotating force given to the head cover or the 15

sprinkler head or both, one projection |j can nove over verti cal

grooves 13j and fixed in any desired Mertical groove 13j. Thus, the

head cover 13 can be fixed at the desired position on the sprinkler

head 1 wi t hout any unengcted sli Furt hernore, hown in Fig.
o

53C, 20 the di BeReRAHI dehPE HPFRLS] BLene) 1S SoNeqEPRef TPR ofy Tange

of 0.1 mm to 2 mm, smaller liquid droplets are sprinkled from
tﬂe nozzles, whereby impacts of the ligquid droplets on the
surface of a sprinkling area are made-smaller. Thus, there is no
rebounding of the sprinkled 1liquid droplets from the soil
surface and the liquid can be éently sprinkled.

If a liquid pressure-changing means capable of changing the
liquid pressure to a desired pressure is provided in the liquid
distributor pipe or the rise pipe, a degree of freedom in the
combination of the nozzle diameter and the angle of nozzle!
elevation can be increased when the liquid sprinkling distance
is changed, for example, according to the shape and size of a
sprinkling area, and thus the substantially uniform liquid
sprinkling all over the sprinkling area of any shape and size

can be much ensured.

If a plurality of nozzles are formed along a plu arty of

imaginary lines intersecting at the

REPLACEMENT SHEET
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t hat between the vertical grooves 13]. When the head cover

13 is to be provided on the outside of the sprinkler head 1, the
verti cal Pr inRG S—€a provi ded on the inner end region of 25
the head cover 8UDMENGCSHERE| | can be Sulsstirdeslshset - 8 OttsbeI ST
surface of the spri ieaui= In contrast to the

above- nenti oned e prjoj ections 13k can be provided in the
outer or inner o - 93 - end region
of the head cov flor being inserted with the

proj ections 13k ded o tHd

vertex of the substantially hemispherical sprinkler head and
extending substantially radially on the surface of the
substantially hemispherical sprinkler head, the 1liquid
sprinkling distance can be set as desired by nozzle positions on
the surface of the substantially hemispherical sprinkler head,
and the liquid can be sprinkled according to the shape and size
of a sprinkling area by changing a pattern of a plurality of the
imaginary 1lines on the surface of the substantially
hemispherical sprinkler head.

When the nozzles formed along the same imaginary lines have
increasing diameters with increasing distances of the nozzles
from the vertex, the liquid can be sprinkled substantially
uniformly all over the sprinkling area, whereby the liquid can
be sprinkled substantially uniformly all over a sprinkling area
of any shape and size. Furthermore, since the present liquid
sprinklers can be efficiently provided, the number of the liquid
sprinklers can be reduced in a given sprinkling area than that
of the conventional liquid sprinklers.

According to a second aspect of the present invention,
there is provided a liquid sprinkler for locating at a desired
position in a desired liquid sprinkling area, which sprinkler
comprises: (1) an upright rise pipe locatable at a desired
position in the desired liquid sprinkling area, (2) an upwardly
protruded, substantially hemispherical sprinkler head having a
plurality of nozzles for delivering a ligquid to the desired
sprinkling area, the sprinkler head being detachably mounted on
the upper end of the rise pipe, and (3) a liquid distributor
pipe connected to the lower end of rise pipe wherein the
sprinkler head has the nozzles formed along first imaginary
lines defined by the respective sides of a polygon surrounding
the vertex of the substantially hemispherical sprinkler head,
the first imaginary lines defined by the respective sides of the
polygon being curved toward the substantially hemispherical
sprinkler head, as viewed in a plan view of the substantially
hemispherical sprinkler head from the vertex side, and also
nozzles formed along second imaginary lines drawn in parallel to
the first imaginary 1lines, but positioned from the first
imaginary lines toward the vertex.



sprinkl er headf;--as-shown_in Figs. 54A and 54B. The
procedures for n@a@Cﬁg ﬁhe¢h ad: cover 13 5 with the sprinkler head 1 are
not limted tofthose- - .smnrbed above. A packing 14 as a
seal i ng nenber{ can Qequ rproW| ed bet ween t BgbBtafdecsheat -18 Canebéeéne 997
sprinkler . thgad” ¥, h&§ §ha iin Fig. 55, to seal clearances there- 10
bet ween, ther ampy joccurrence of in- conveni ence such as
| eakage of watfer through t he cl earances, etc. Sealing of clearances
bet ween the head™ nd the sprlnkler head 1 can be inproved by
provi di ng the packing 14 t her ebet weeh? - Thus, when water 15 sprinkling is

I nhi bited by the head cover af ter passage t hrough the nozzles, such

L nconveni ences 2y Lt LR109191 o o dBHSS 4 SLSAANISR RELNES b Ene

surface of the substantially hemispherical sprinkler head along

first imaginary lines defined by the respective sides of a
polygon  surrounding the vertex of the substantially
hemispherical sprinkler head, the first imaginary lines defined
by the respective sides of the polygon being curved toward the
vertex of the substantially hemispherical sprinkler head, as
viewed in a plan view of the substantially hemispherical
sprinkler head from the vertex side, and also formed along
second imaginary lines drawn in parallel to the first imaginary
lines but positioned from the first imaginary toward the vertex,
the liquid sprinkling distance can be set as desired by nozzle
positions on the substantially hemispherical sprinkler head, and
the liquid can be sprinkled according to the shape and size of
a sprinkling area, for example, by selecting a shape of the
polygon, that is, a pattern of imaginary lines on the surface of
the substantially hemispherical sprinkler head. Thus, the liquid

can be sprinkled substantially



head cover 13, |eakage of water to the outside through cl earances
bet ween t he nd the head 20 cover can be elimnated, and

effective wal waagrv@%&Tr@HEET can be conducted with a smaller -vol ume of
wat er . ~Even-1yf |t he head cover SiBstitutersheetle@® Oosdlsbr 1997 t he
sprinkl er hepd é%Qﬁ;ﬁ%%bl g |14 can be provided bet ween t he head
cover 13 and t1e0 : l*&r head 1, 25 whereby water existing between the
‘ head cover 1B and.the sprf nkl er head 1 can be prevented from | eakage
even t hfough the nozzl es covered by the head cover 13 or from
head!31" and the head

ret ai ni ng betweerr—the—sprr+
- 94 -

uniformly all over a sprinkling area of any shape and size, and
since the present liquid sprinklers can be provided efficiently,
the number of the liquid sprinklers can be reduced in a given

sprinkling area than that of the conventional liquid sprinklers.

If the polygon is a rhombus, the liquid can be sprinkled
substantially uniformly all over a sprinkling area of, for

example, a rectangular shape or a square shape.

If the nozzles formed on the same imaginary lines have an
equal nozzle diameter, more uniform liquid sprinkling all over

a sprinkling area of any shape or size can be attained.

According to a third aspect of the present invention, the
sprinkler head has the nozzles formed in a strip zone defined by
two second imaginary lines substantially in parallel to a first
imaginary straight line passing through the vertex of the.'
substantially hemispherical sprinkler head, as viewed in a plan
view of the substantially hemispherical sprinkler head from the
vertex side; at least one strip zone is provided on each side of
the first imaginary straight 1line; and the strip =zone is
provided in a range of angles of elevation of 0_ to 85_ from the
renter of the substantially hemispherical sprinkler head in a
vertical cross sectional view of the sprinkler head, i.e. the
cross sectional view passing through the vertex and vertical to

the first imaginary straight line.

This Sheet Has Beep Replac

b



ffeet wat.er sprinkling can be conducted with a
snmal | er vol une T&k&ﬁﬂ T Functions of the head cover 13 in
sprinkling wat er ~dgsijred sprinkling area will be described 5
in detail bel ow: ACT 07 r;l N the presentSudiindiershést - 8H@ctobed 1G&Ar

%

cover 13. Thus,gfiﬁﬁgjvem
L
Df

s G o

13 I's provided %ﬁ’ t"h’é sprinkller head 1 as al ready descri bed above,
and thus water {i s~spr+nkled-anlly |t hrough the nozzl es 2, through which
water is not prjevented from 10 passage by the head cover 13, anong the
nozzl es 2 formed "o the—-sprhkl er_head 1. By changing the fixing
position or shape of the head cover -#3-and sel ecti ng nozzles 2 to be
prevented from water passage by the head cover 13, as desired, water

Egn be spr Icgglsse —d seocrt]:li%nal' 5v:|t.ehvg %ua%giglgetrqggdgrheq:hréo%grggx2an<I r.\@érti1scalWQ:toer can

the first imaginary Straight line.

Impact forces of sprinkled liquid droplets onto the surface
of a Sprinkling area are weaker with increasing angles of nozzle
election. Thus, the liquid can be gently Sprinkled onto the
sprinkling area without rebounding of Sprinkled liquid droplets
from the soil surface. When the present liquid sprinkler is used
to sprinkle water under fruit trees such as dJrams vine
trellises, a strep zone having low angles of elevation is
preferable, and a preferable range of angles of elevation for
such a strip zone is 0° to 60°, where impact forces of sprinkled
liquid droplets onto the soil surface of a sprinkling area can
be made weaker by selecting smaller nozzle diameters for such a

strip zone.

According to a fourth aspect of the present invention the
sprinkler head has the nozzles formed in a rectangular zone
enclosed by two first imaginary straight lines substantially in
parallel to each other and by two second imaginary straight

. lines intersecting the first imaginary straight 1lines
substantially at a right angle and Substantially in parallel to
each other, as viewed in a plan view of the substantially
hemispherical sprinkler head from the vertex Of she
substantially hems spherical sprinkle; head, she vertex locating
in the rectangular zone; and the rectangular zone is provided in

a range of angle of elevations of



effectively sprinkled only to a desired sprinkling zone of the

sprinkling arga;—i—g...00t tQ the entire sprinkling area around the
sprinkler, bu RERLAﬁHMENT S npl e, a sprinkling zone | ocating-on one
side, e.g. the sprinkler, Substitubeoshest d8sOctsler 1997
renote from r nﬁ?@ bﬂi %ﬁ Kifer . For exanple, in the case
of a head cover vi Z hape as shown in Figs. 41, 43A and 43B,

wat er | rinkled onlyiffomthe nozzles in the nozzle opening 25
regi ons 13a flormed out si de t he centH% rect angul ar regi on of the

hem spheri cal when “t'he sprinkler with the head cover
13 is perpendlcularly provided at a position 20 in the sprinkling area

_as According to a fifth aspect of the present invention, the

sprinkler head has nozzles in two divided zones of the
substantially hemispherical sprinkler head, divided by an
imaginary straight line passing through the vertex of the
substantially hemispherical sprinkler head, the nozzles in one
of the two divided zones have a denser nozzle distribution with
increasing distance from the vertex, while the nozzles in other
divided zone have a sparser nozzle distribution with increasing
distance be from the vertex, or the sprinkler head has nozzles
formed in a =zone enclosed by two second imaginary 1lines
intersecting a first imaginary straight line passing through the
vertex of the substantially hemispherical sprinkler head
substantially at a right angle and is substantially in parallel
to each other; the zone is further divided into two subzones by
the first imaginary straight line; the respective divided
subzones are further divided each into two subsections by an
imaginary ellipse drawn by a segment of a line between two
intersections of the first imaginary straight line and the two
second imaginary straight lines as the line of upsides; and the
nozzles in the subsection outside the imaginary ellipse in one
of the subzones have a larger total opening area than in the
subsection inside is the imaginary ellipse, while the nozzles in
the subsection outside the imaginary ellipse in other subzone
have a smaller total opening area than in the subsection inside

the imaginary ellipse.



- 95 - sh ~- «ELQ. the water sprinkling zones are hatched
iﬁ?m

rectangul ar : afgﬁQQHLthxsprlnkler In such a structure
that projecti T+ Uﬂ“f =" sprinkler head 1 are inserted into the
recesses 13d @ head lco!ver 13, as sh®ubstitufe gheets, 8tOetobead 99 er
13 will not b eth mit he sprinkler head even I f the sprinkler
head 1 is subje %h%oga unex egt ed upward force. Thus, the water
“sprinkling zgnes can be fixed and stable, and the reliability of the
sprinkler 1 TTambe-aproved. I- In such a structure that a
hori zontal groove lg is provide& on the circunference of the sprinkler

sprinkler head must be mounted on the rise pipe, in case of an
inclined sprinkling area, that is, in the case the liquid is to
be sprinkled onto an inclined plain, so that the subzone with
nozzles with a larger total opening area in the subsection
outside the imaginary ellipse than in the subsection inside the
imaginary ellipse can be faced toward the downward side of the
inclined plain, whereby the volume of liquid sprinkled onto the
downward side of the inclined plain can be made larger than that
of liquid sprinkled onto the upward side of the inclined plain.
By virtue of this nozzle distribution, the liquid sprinkling
distance can be set as desired by nozzle positions on the
substantially hemispherical sprinkler head, and thus more sub-
stantially uniform liquid sprinkling all over the desired

inclined sprinkling area can be attained.

According to a sixth aspect of the present invention, the
sprinkler head has the nozzles formed along concentrical lines
from the vertex of the substantially hemispherical sprinkler
head as a venter, and the nozzles formed along the concentrical
lines have increasing diameters with increasing distance from a
plurality of imaginary lines substantially radially extending on
the surface of the substantially hemispherical sprinkler head
from the vertex; the imaginary lines are four lines each
intersecting their adjacent lines at a right angle; and the
nozzles formed along the concentrical lines on the surface of

the



head and projections 13g on the head cover are inserted into the

hori zontal groove | g, as shown Ih Fig. 51A the 15 head cover 13 can be

rotated, whil ﬁﬁl wtﬁgﬂ%jﬁ sprinkler head 1, the position of the
nozzl e openin @@g can be change8ubstititseishedt w8 Oetdlber 188 @A
cover 13 is e ged with thelsgrinkler head 1. That is, t he wat er
sprinkling zo &@ i€ Te 571 changed when 20 water is to be sprinkled
with the sane sprinkler head }1. Furthernore, in such a
structure as ghowi Th Figg. 53A, 53B and 53C and Figs. 54A and 54B,
wher e veptically. elongated proj®ections and the vertical grooves

are provided on the sprinkler head 1 and the 25 head cover

respectiv i ce. ye d £oven 5@ a %é é%

~desi red p%%%??gé %%gg}#&ﬁéyinﬂig%t%?gt?%rl?¢1 hea 6@e?°1§ fl%#ﬁ nkl er

head, or area of any shape. Furthermore, since the present 1liquid
sprinkler can be efficiently provided, number of the liquid
sprinklers to be provided on the entire sprinkling area can be

made smaller than that of the conventional liquid sprinklers.

Furthermore, the imaginary lines are four 1lines each
intersecting their adjacent lines at a right angle. When nozzles
having an equal diameter are formed along the 4 imaginary lines,
and diameters of the nozzles to be formed along the concentrical
lines have an equal ratio of increasing according to distances
from the imaginary lines, a liquid can be sprinkled uniformly

onto a sprinkling area of square shape.

Since the nozzles formed along the concentrical lines on
the surface of the substantially hemispherical sprinkler head
have an increasing total nozzle opening area with increasing
distance of the concentrical lines from the vertex, sprinkled
liguid volume per unit area can be made uniform between a region
locating at a shorter sprinkling distance, i.e. a region near
the 1liquid sprinkler, and a region locating at a longer
sprinkling distance, i.e. a region far from the ligquid
sprinkler; and thus substantially uniform liquid sprinkling can

be carried out all over the sprinkling area.

According to an seventh aspect of the present invention,

the sprinkler head is provided with a



both by a desired angle, while the head cover 13 is

- 96 - engaged with the sprinkler head 1. That is, the posi tion of
the nozzl e ogREM@ FRHINGN 18avof the head cover 13 can be nore easily
changed, and |t hos—tRe-wat-&- | spri-nkling z@ubstidutebshertre8 Qatiober dRB¥ged

when water i g SJﬁgrbnklgg wj{th the same sprinkler head 1. Furthernore,
since the heddic r883 SE7t he sprinkler head 1 is not unexpect edl y
rotated, thewater. sprinklin one is fixed and stable, and the

reliability of the sprinkler chan be I nproved. 10 The shape
of head cover—13—ts—notlLui] to ~25-

efficient liquid sprinkling can be attained with a smaller

volume of liquid.

According to a eighth aspect of the present invention, the
sprinkler head has a filter between the sprinkler head and a
fixing jig, and the filter has a smaller mesh size than the
nézzle diameter and a larger trap area than the lateral cross-

sectional area of the rise pipe.

Since the filter has a larger trap area than the lateral
cross-sectional area of the rise pipe, the filtration area of
the filter can be made larger. That is, the filter can have a
larger number of meshes and thus can have a smaller pressure
drop and no limitation to the feed rate of sprinkling liquid.
Thus, clogging by sand, rusts, dust, etc. can be prevented for

a long time.

Since the 1liquid can be distributed throughout the
sprinkler head from the rise pipe connected to the fixing jig,
the liquid pressure can be uniformly applied to the entire
sprinkler head, and thus the liquid can be sprinkled uniformly

onto the sprinkling area.

According to a ninth aspect of the present invention the
sprinkler head has nozzles formed at angles of nozzle elevation
of not more than 27° to the center of the substantially
hemispherical sprinkler head and along a plurality of imaginary
lines substantially radially extending on the surface of the

substantially hemispherical sprinkler head from the vertex

thereof,



t hose shown in Figs. 41, 43A and 43B. O her exanples of t he shape w ||
be described_below. As shown in Figs. 46A and 46B, the nozzle
openi ng regi Mm*"““F%ﬁgﬁﬂxlded in a semcircular 15 section; as viewed
fromthe ove sprinkl er wiSubsthetehslebtco8ddctbbeof1 A9 s
shape is er pendi cul arlfy {provi ded on the point 21 as shown in

t@9 ﬂﬂﬂlﬁ@?lrg zone is a hatched zone in Fig. 47. That

Filg. 47, th
is, water can Jbe sprinkled ¢nlly onto the 20 zone at one side of the

sprinkler. _ n {he strggture as shown in Figs. 56A and
56B, the no pening regi ops 13a°¢dn be provided out side the cross
zone, as V|emed fromthe overhead. When the sprinkler with this head

cover is 23 perpendl SN bePraY f8kAled e position 22 as shown in

Fig. 1 is a schematic elevation view of the present ligquid

sprinkler provided with a sprinkler head.

Figs. 2 and 3 are a plan view and an elevation is view,
respectively, of a sprinkler head according to one embodiment

based on a first aspect of the present invention.

Fig. 4 shows a sprinkled water intensity distribution as a
result of a water sprinkling test conducted by a liquid
sprinkler with a sprinkler head according to the present

invention.

Figs. 5, 6, 7 and 8 show sprinkled water intensity
distributions as parts of the result of the water sprinkling

test conducted in the same manner as in Fig. 4.

Figs. 9, and 10, 11 and 12 are a schematically plan view of
a sprinkling area subjected to the water sprinkling test as
shown in Figs. 4 to 8, and detailed plan views thereof,

respectively.

Fig. 13 shows a sprinkled water intensity distribution as
part of the results of the water sprinkling test conducted in

the same manner as shown in Fig. 4.

Fig. 14 shows profiles of sprinkled water distribution in

relation to the distance from the rise pipe.



Fig. 57,
s, water
97 -

fromthe

per pendi cul arly prdVTHéﬁ*at*%
sprinkling zonJ
sprinkled only on the square

——____-~.

t he wat T
can beq¥ ?%k_mﬂﬁln dFgquare zones.

In ghg structure as sﬁomm in Figs. 58A and 588, a concentri cal
nozzl e opening f{egi &ng 13g7 ¢ a,ﬁp rovi ded onStbstitutegheetei8 Qctatservl @92d

over hefd] \Wen t he” Sprinkler with this head cover is

osition 23 as shown in Fig. 59, the
in Fig. S9. That is, water can be
qgﬁﬁ_the sprinkl er.

uhsmamhatched zon

Figs. 15 and 16 are a plan view and an elevation view,
respectively, of a sprinkler head according to an embodiment

based on a second aspect of the present invention.

Figs. 17 and 18 are a plan view and an elevation view,
respectively, showing a modification of the sprinkler head shown

in Figs. 15 and 16.

Fig. 19 shows profiles of sprinkled water distribution in

relation to the distance from the rise pipe.

Figs. 20 and 21 are a plan view and an elevation view of a
sprinkler head according to one embodiment based on a third

aspect of the present invention.

Fig. 22 is a vertical cross-sectional view of the essential
part of the sprinkler head shown in Fig. 20, and shows a

position of the strip zone on the sprinkler head.

Fig. 23 shows profiles of sprinkled water distribution in
the sprinkling area of the sprinkler head shown fin Figs. 20 and

21 in relation to the distance from the rise pipe.

Fig. 24 and 25 are a plan view and an elevation view,
respectively, of a sprinkler head according to one embodiment

based on a fourth aspect of the present'invention.

Figs. 26 and 27 are a plan view and an elevation view,

respectively, of one modification of the

g»zones are hatched zones in Fig. 57. That



" descri bed be

By changi ng the shape of head cover 13, water can be sprinkled only onto a

sprinkling zone or. zones-of—anly desired shape at any desired di stance.

. Enbodi nent s ﬁEpEAgEMQNEOSHEEFEighth aspect of the present invention will be
e —As~shpwn in Fi g. 60, Sabéiifutershtét h® Orgolseral 87

mesh sizes tjhdn t he gkagﬁge s|{of the nozzles 2 and a larger trap area than

the lateral |crlodk3sBEdi | fatea of the rise pipe 11 is provided between

the sprinklgr lhead 1. and. the fixing jig 12 through packi ng nenbers 14

sandwi ching jthe filter 16 to prevent,water |eakage. In the present

enbodi nment s, Ldi les 2 are set to, for exanple, 0.4 nmto 0.8

mm Dianeters of nozzles 2 are not limted to those given above.

Materi al s f 4ol Ls r il : L. : :

ot al s andegiet natl e ruston Bt PALAS L b gl epbth, BEMRS

exanpl e, g#amnfie8S.steel, copper, alumnum etc., and synthetic

(e AT

Figs. 28 and 29 are vertical cross-sectional views of the
essential part of the sprinkler head shown in Figs. 24 and 25
and show the position of the rectangular zone on the sprinkler
head.

Fig. 30 shows profiles of sprinkled water distribution in -

relation to the distance from the rise pipe.

Figs. 31 and 32 are a plan view and an elevation view,
respectively, of a sprinkler head according to one embodiment

based on a fifth aspect of the present invention.

Figs. 33A and 33B are a schematic elevation view showing
the mode of sprinkling water onto an inclined plain by a liquid
sprinkler provided with the sprinkler head shown in Figs. 31 and
32, and profiles of the sprinkled water distribution in relation

to the distance from the rise pipe, respectively.

Fig. 34 shows profiles of sprinkled water distribution in

relation to the distance from the rise pipe.

Figs. 35 and 36 are a plan view and an elevation view,
respectively, of a sprinkler head according to one embodiment

based on a sixth aspect of the present invention.

Figs. 37A and 37B are a plan view showing the entire

surface of a sprinkling area to be sprinkled with



- 98 - resins_in ncI ude, for exanple, polyethylene, polyvinyl

chloride, etc. | :6”’F‘ tﬁls, It is desirable to apply an
anti-corrosion t Mesh sizes of the filter 16 depend on
t he di aneters of d pref er abl Substituie sheat t 8 Ocflan 1997
Materials for th 14" are not particularly limted and
are preferably s s, synthetic rubber, etc. Synthetic
resins i ncl yde, "for ~eéxanpte; 1l uorocarbon resins, polyanide 10 resins,
etc. .10t he above- f ntjloned structure, the filter 16 is
provi ded between the sprlnkler “"Réad T"'and the

water by the sprinkler head shown in Figs. 35 and 36, and a
detailed plan view of a one-fourth part the sprinkling area

shown in Fig. 37A, respectively.

Figs. 38 and 39 are a plan view and an elevation view,
respectively, o0f a sprinkler head according to another

embodiment based on the sixth aspect of the present invention.

Fig. 40 is a plan view showing a sprinkling area to be

sprinkled with water by the sprinkler head shown in Figs. 38 and
39.

Figs. 41 and 42 are a plan view and an elevation view,
respectively, of a sprinkler head according to one embodiment

based on an seventh aspect of the present invention.

Figs. 43A and 43B are a perspective view and a plan view,
respectively, of the structure of a head cover for the sprinkler

head shown in Figs. 41 and 42.

Fig. 44 shows a sprinkled area covered by the sprinkler

head with the head cover shown in Figs. 432 and 43B.

Fig. 45 is a vertical cross-sectional view showing another

structure of the head cover.

Figs. 46A and 46B are a perspective view and a plan view,
respectively, of other structure of the head cover.
Fig. 47 shows a sprinkled area covered by the sprinkler

head with the head cover shown in Figs. 46A and 46B.



fixing jig 12, and has a |arger trap area than the | at er al
Cross-section e pipe 11, that 15 is, a larger filtration
area. |In other nunber of meshes can be assured at the
filter 16, essure drop ca8ubstititeshastd 8 Obtolwerchd9be
no particul ar r feed rate and cl oggi ngs w th sands,
rusts, dusts, nails, 20 tadpoles, etc. can be prevented
for a long ti Water streamfromthe rise pipe 11 and the
fixing jig 12 connect ed t her et can§§e di stributed t hr oughout the
sprinkler head 1 an presslre can be uniformy applied to
the entire sprinkler head 1. 25 Thus, water can be uniformy sprinkled al

g\lj:[ sa \é\?gf%grther cosrﬁ'{ec'%k Ehr%ﬂod?‘er %%tween the head cové? Caynrg‘” t ed J?'Ig{d.l.sér rusts,

head, respectively.

Fig. 55 1is a vertical cross-sectional view showing a
positional relationship among the head cover, the packing and

the sprinkler head.

Figs. 56A and 56B are a perspective view and a plan view,

respectively, of still further structure of the head cover.

Fig. 57 shows a sprinkling area covered by the sprinkler

head with the head cover shown in Figs. 56A and 56B.

Figs. 58A and 58B are a perspective view and a plan view,

respectively, of still further structure of the head cover.

Fig. 59 shows a sprinkling area covered by the sprinkler

head with the head cover shown in Figs. 58A and 58B.

Fig. 60 is a vertical cross-sectional view showing the
sprinkler head according to one embodiment based on a eighth

aspect of the present invention.

Figs. 61 and 62 are a vertical cross-sectional view showing
the essential part of the sprinkler head according to another
embodiment of the present invention, and a perspective view
showing a shape of the filter to be provided at the sprinkler
head.

Fig. 63 is a perspective view showing another shape of the

filter according to the present invention.
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e e pe

easily renov ﬁLbYA@FﬁEH ag;g he sprinkler head 1 and

- 99 - t he fFrHter—i1 he fixing jig 12. Shape of the
filter 16 isfn tﬁ %ggced to hat gi ven above. Qther exanple of filter
shape will be FilBBd el ow 5 Subsiisutehsivaeti-ng Daobé 1 987
filter 16 hayi R hen1§pHer|caI shape protruded toward the sprinkler
head 1 gan be enpl oyed and can be further provided with a col | ector
disk 15 as a .Lleqtlng sands, rusts, dusts, etc. below the

filter 16. The collector 10 disk 15 has a t hroughhol e 15a for water
passage at the -34-

Fig. 64 is a vertical cross-sectional view showing a

modification of the sprinkler head.

Figs. 65 and 66 are a plan view and an elevation view,
respectively, of a sprinkler head according to one embodiment

based on a ninth aspect of the present invention.

Fig. 67 is a schematic elevation view showing a ligquid
sprinkler with the sprinkler head shown in Figs. 65 and 66

perpendicularly provided under grape vine trellises.

Fig. 68 is a plan view of a sprinkling area sprinkled with

the sprinkler head shown in Figs. 65 and 66.

Fig. 69 is a profile of sprinkled water distribution in the
sbrinkling area of the sprinkler head shown in Figs. 65 and 66

in relation to the distance from the rise pipe.

Fig. 70 is a profile showing a relationship between the
angle of nozzle elevation of the sprinkler head shown in Figs.

65 and 66 and the maximum height of sprinkled water droplets.

Fig. 71 is a schematic elevation view showing a liquid
sprinkler with the conventional sprinkler head perpendicularly

provided under grape vine trellises.

Fig. 72 is a schematic view showing application of the

present liquid sprinklers in a sprinkling area.



center. \Wen

sands, rusts,

dust s,

etc.

15a fromthe rise pipe (not shown in the

reach the fi

EPLR LT e

passi ng through

t he t hroughhol e

drawi ng) together with water

nove downwar ds al ong the surface-of the

filter 16 to b between theSabstiteeé ahedt si8 Dotabiut 19@7
filter 16 and pre retained tjhgre. Wth this structure, cl oggi ng of the
filter 16 cah pelBoddTetd®ct)i jel y prevented. The central part of the
filter can b n a hemj{sgheri cal shape, as shown in Fig. 62 or

20 semi el | i psoi dal” shape, in a sharp conical shape, as shown in
Fig. 63. Accu Iated*ghnds rusts, dusts, etc. can be

easily r emoved by di sengagi ng the sprlnkler head 1, filter 16, and
col lector, diskod2 {Lom {he LiKinddd 9ndZhs FRafr EAST R 83N dr0ddiSt S

sectional shape of the part la (on the cross sectional plane
vertical to the drawing surface in Fig. 2) is an approximately
semicircular sector shape or an approximately semielliptical

sector shape.

The connection part 1lc¢ is in such a shape that the
sprinkler head 1 can be easily engaged with or disengaged from
the fixing jig 12, for example, in an octagonal shape, as viewed
from the overhead of the sprinkler head, as shown in Fig. 2. A
plurality of-nozzles 2 capable of sprinkling water onto a soil

surface, etc.

are provided on the substantially hemispherical
part la. Number of nozzles 2 is not particularly limited, and
the size of the sprinkler head is also not particularly limited.

As shown in Fig. 2, a plurality of nozzles 2 capable of
sprinkling water are formed on the sprinkler head 1 provided at
the top end of the rise pipe 11 through the fixing jig 12, and
the sprinkling distance of sprinkled water droplets can be set
as desired by selecting a nozzle diameter, an angle of nozzle
elevation and a water pressure on the nozzles in combination.
The rise pipe 11 can be perpendicularly set to a desired
location on a soil surface, etc. (sprinkling area), but it is
preferable to set it at the center or corner in the sprinkling

area so as to easily select a nozzle

in a



particularly fn-Lhe_Qlearance 15b, and thus can be nore easily
renoved. *ﬁLDL”“w,”W"ﬁSn;hewn in Fig. 64, afilter 16 having a
- 100- henl jér' ----- “hapempﬁ truded toward the fixing jig 12 ecan be

enpl oyed. Wt g §V\mj uctur ¢, |sands, rusts, Sobstitsite heet ¢ Sa0btdkert 1@97
filter 16 todetth th wﬁ?zﬁ romthe rise pipe 11 (not shown in the

drawi ng) nov dLong__L_,e filt 16 to the clearances 12a between the fixing
jig 12 and tifllter 16 and afe retained there. Thus, clogging of the
filter 16 camrbe—reore-effeciiyvely prevented. For the filter 16 with this
structure, the filter having a hempherical shape shown in Fig. 62 or a
hem el | i psoi dal shape can be enpl oyed by nmaking it upside down,

It is also possible to determine optimum nozzle diameters,

sector angles and angles of nozzle elevation by inputting data,
for example, on varied nozzle diameters, angles of nozzle
elevation find water pressure on nozzles into a computer and
analysing relations between these factors as to the sprinkling
distance of water droplets in advance in place of determining
nozzle diameters, sector angles and angles of nozzle elevation
according to the shape and size of a sprinkling area by tests,
etc. Thus, number, diameter and angles of elevation of nozzles
and water pressure can be easily determined according to a
sprinkling area of any shape and size by the so called computer

simulation without any water sprinkling test.

Embodiments according to the first aspect of the present

invention will be described in detail below:

In Fig. 2, a plurality of nozzles 2 are formed on *
plurality of imaginary lines 9 intersecting one another at the
vertex 3 of the hemispherical part la of the sprinkler head 1
and substantially extending along the surface of the
hemispherical part la. In Fig. 2, only three imaginary lines are
shown by two-dot chain lines, while other imaginary lines are
not shown. Nozzles 2 formed along each imaginary line 9 must
have increasing diameters wish increasing distance of nozzles
from the vertex 3, and the several nozzles 2 along each
imaginary line 9 can have an equal diameter. That is, nozzles 2

formed along each imaginary line 9 must have a



as shown in Fig. 64, or the conical filter having a sharp vertex at the
venter, as shown in Fig. 63, can be enployed by making it upside down.
Accunul at ed sa Agé xm i t‘ 1 etc. can be easily renoved by di sengagi ng
t he sprinkler (L E%gl Lillfter 16 from Shlestitute shepi g 81QctdHeTcCEIBANS,
rusts, dusts, letjc. are accunulfajed in the clearances 12a, their renoval can
be nore easily qarlt BefCPumgy Enbodi ments according to the ninth
aspect of the{prjesent inventipnfwill be described in detail bel ow

Nozzl es 2 arelformed atramgtes pf nozzle el evation of not nore than 27[err]
to the center Laf_fhe henispheri:al'ﬁért | a and along a plurality of

I maginary lines 4 substantially radially extending on the surface of the
subst anti al hem.spherical. spri.nkl er head fromthe vertex_ 3 thereof, and
Ot amet or s 2BFS R EBS asfAk s B B Bee AR T oRa A PERRE 3 HATRERR it h

I ncreasi nghdi abaptesfzom the vertex 3.

=)

The sprinkled water volume per unit area measured under the
above-mentioned conditions is shown in Fig. 14, where the
abscissa shows a distance from the rise pipe 11, the ordinate
shows a sprinkled water volume per unit area, curve (a) shows
the sprinkled water volume per unit area according to the second
aspect of the present invention and curve (b) shows that of a
comparative sprinkler head made in the following manner. That
is, a comparative sprinkler head was prepared in the same
structure and under the same conditions as those for the present
sprinkler head 1 except all the nozzles were made to have an
equal diameter and equal total nozzle opening area to that of

nozzles 2 of the present sprinkler head 1.

As is evident from Fig. 14, the present sprinkler head 1
can sprinkle water substantially uniformly all over the
sprinkling area, whereas the comparative sprinkler head
sprinkles much water only in the zone near the sprinkler and the
sprinkled water volume per unit area decreases with increasing
distance from the sprinkler. Thus, the comparative sprinkler

head cannot sprinkle water uniformly.

Embodiments according to the seccond aspect of the present

invention will be described in detail below:

In Fig. 15, which is a plan view of the surface of the

hemispherical part la, as viewed from the



- 101 - A pattern of imaginary lines 4 on the

subst anti al If\5; -eal--head 1 shown in Fig. 65, that is, a
distributior*ﬁ' *é Wn ] SbEET s 2, is directed to an exanple of a
square spri gklji ng ar ea; am i's not |imteBubstituté ghtbe- BaOtesberst@OR in

Fig. 65. é%a. ers of nozzles on the hem spherical part
| a are sel e¢t ¢d as ? ’Ig

At first, description wll be
made of the 1 ogsed by two i maginary lines 4a and 4f 10
i ntersecting._each other at arf angle of 45[err]. Angles bet ween t he
i magi nary |ine 4a and each o inagih%ﬁy lines 4b to 4f are sector
angl es as al ready defined before. As shown in Fig. 65 and Tabl e 4,

Qg[zg'”e]s 2 3281es 20f OkRBY 20 AN 85,0027 he glevaLkon of 2rigrr] and
area is a square. Thus, the distribution pattern of nozzles 2b

is not limited only to the pattern shown in Figs. 15.

As already mentioned before, in order to make the sprinkled
water volume per unit area substantially constant on the entire
surface of a sprinkling area, it is necessary to make nozzles 2b
formed at positions far from the vertex 3, that is, nozzles 2b
located at a small angle of nozzle elevation, larger than
nozzles 2a located at positions near the vertex 3, that is,
nozzles 2a at large angles of nozzle elevation. Furthermore, in
order to sprinkle water all over a sprinkling area of any shape
and size, it is necessary to select diameters of nozzles 2a and
2b according to their positions, i.e. angles of nozzle elevation

and a desired sprinkling distance.

Diameters of nozzles 2a are not particularly limited, and

preferably are in a range of 0.1 mm to 2 mm.

In the embodiments according to the second aspect of the
present invention, diameters of nozzles 2a, for example, nozzles
2a locating along the imaginary lines 9a, are set to 0.7 mm, and
those of nozzles 2a locating along the imaginary lines 9b
adjacent to the imaginary lines 9%a are set to 0.6 mm. That is,
diameters of nozzles 2a locating along the imaginary lines Sb

are set to 0.6 mm, 0.5 mm and 0.4 mm success-



15 in the hem spherical part la. That is, 13 nozzles 2 are for med
between the ipaginary lines 4a and 4f. D aneters of nozzles 2 at an
angl e of noz Iﬁgpﬂf Mégﬁ SWEE? [err] are 0.4 mmfor nozzle-al |ocating
on the inmagi narjs-1 i e @t @ sect or angliestitiit® sh6eb- BnOEtwberoX®2E a2
| ocating 20 {fon the i nmagi nar} i ne 4b at a sector angle of 9[err], 0.6 mMm
for nozzle a Iodhﬁiﬂ@ldﬁg?he jmaginary line 4c at a sector angl e of
18[err], 0.7 for nozzle a4 kocating on the imaginary line 4d at a
sector angle lof 27[err], 0.7 for nozzle a5 |l ocating on the

i magi nary | i @B 25 tor dgle of 36[err], and 0.8 mmfor nozzle

a6 | ocating

Di aneters of nqzzle

on the i mgi
2.at_an

nary line 4f at an sector angle of 45[err].

angl e of nozzle elevati 15[[35_3\%] are

05" for nop SPELBR ackr PRy Mgy po tnic®afel! b8 tne coRpard

sprinkler head varies, depending on the direction of water
sprinkling, as shown by a group of curves (b) as dotted lines in
Fig. 19, among which the curve ® shows sprinkled water volume
directed toward the renters of the four sides of the square
sprinkling area, the curve ® shows the one directed toward the
four corners of the square sprinkling area, and the curve ®
shows the one directed toward the intermediate segments between
the venter points and the corners of the square sprinkling area.

As is evident from Fig. 19, the present sprinkler head 1
can sprinkle water substantially uniformly all over the square
sprinkling area, whereas the comparative sprinkler head has
varied sprinkled water volumes per unit area, depending on the
sprinkling directions. Furthermore, the comparative sprinkler
head has a larger sprinkled water volume per unit area in the
zone near the sprinkler and a decreasing sprinkled water volume
per unit area with increasing distance from the sprinkler. Thus,
the comparative sprinkler head fails to conduct uniform water

sprinkling.

Embodiments according to the third aspect of the present

invention will be described in detail below:

In Fig. 20, which is a plan view of the surface of the

hemispherical part 1la of the substantially hemispherical

sprinkler head 1, as viewed from the vertex side (Fig. 21 is an

elevation view



- 102 - i magi nary line 4a at a sector angle of O[err], 0.2 mm for
nozzl e B2 | ocating on the imaginary line 4g at a sector angl e of
B[err], 0.2 ting on the i magi nary line 4h at a
sector angle o i -"g‘?ﬁ?’ F@mﬁm or 5 nozzlSubiBtituteshesig- 8rOttoberme@Phar y
line 4i at a sector angrq f 20[err], 0.3 mmfor nozzle B5 | ocating on
t he I magin ryﬂﬁlﬁé‘4y~¢t ;a [sector angle of 28[err], 0.3 mmfor

nozzle B6 |ocgtilng on the imaginary line 4k at a sector angl e of
36[err] and 04 mm for nozzte!Bf locating on the 10 imaginary line 4f at a

sector angle 6f~45[err]. The saj " pattern as above is applied to the
entlre hem spheri cal T

conventional water sprinkler head fails to conduct uniform water

sprinkling.

The foregoing embodiment shows an example of a sprinkler
head 1 capable of sprinkling water to two sprinkling zones at
the same time, but the number of the sprinkling zones all over
which the present sprinkler head 1 can sprinkle at the same time

is not limited only to the two shown above.

In order to sprinkle water to 3 sprinkling zones at the
same time, three strip zones must be provided on the sprinkler
head. however, when water is to be sprinkled to various
vegetables or flowers planted on ridges or to lines of linearly
planted trees, etc., it is preferable to provide at least one
strip zone at each side of the imaginary first straight line 8.
When a plurality of strip zones are to be formed, a relative
positional relationship of the strip zones is not particularly

limited.

Embodiments according to the fourth aspect of the present

invention will be described in detail below:

In Fig. 24, which is a plan view of the surface of the
hemispherical part la of the substantially hemispherical
sprinkler head 1, as viewed from the vertex side (Fig. 25 is an
elevation view thereof), a plurality of nozzles 2 are formed in
a rectangular zone S enclosed by two first imaginary straight
lines 9a substantially in parallel to each other, as shown by

two-dot chain lines, and by two



part la and thus there are 4 nozzles al, 8 nozzles a2, 8 nozzl es
nozzl es a4, 8 nozzles a5, 4 nozzles a6, 4 nozzles Bl, 8 nozzles B2, 8

Embodiments according to the fifth aspect of the present

invention will be described in detail below:

In Fig. 31, which is a plan view of the surface of the
hemispherical part 1la of the substantially hemispherical
sprinkler head 1, as viewed from the vertex side (Fig. 32 is an
elevation view thereof), a plurality of nozzles 2 are formed in
two divided zones. Of the substantially hemispherical sprinkler
head 1,divided by an imaginary straight line 8 passing through
the vertex 3 of the substantially hemispherical sprinkler head
1; as shown by a two-dot chain line, the nozzles 2 in one.of the
two divided zones, as shown by the upper divided zone over the
first imaginary straight line 8 in Fig. 31, has a denser nozzle
distribution with increasing distance from the vertex 3, while
the nozzles 2 in other divided zone, as shown by the lower
divided zone below the first imaginary straight line 8 in Fig.
31, has a sparser nozzle distribution with increasing distance
from the vertex 3. That is, the nozzles 2 are formed in a zone
5 enclosed by two second imaginary lines 9 intersecting a first
imaginary straight line 8 passing through the vertex 3 of the
substantially hemispherical sprinkler head 1 substantially at a
right angle and substantially in parallel to each other, as

shown by two-dot chain lines; the zone 5 is further

a3, 8

nozzl es B3, B s+ |15 nozzles B5, 8 nozzles B6 and 4 nozzles B7.
The distri- REPEK@ME'M&&TM n and di anet erSulsdtitate shest 280 etobetr 1997
limted only (o _those given dgbove. Tabl e 4
Nozzl e Sect of 9 @GNS | (Tot al i dentifica- angle
(mm nunbger | of tion 2 ([err])
nozzl es 2% 0 0.4 4
a2 9 Q.5 "Afigl e of nozzle a3 18
0.6 8 el evation: 27[err] a4 27 0.7

_ 26 sanéinkler hgag and theagi.r, where’saas no squiZient heat gefcchange 0
0.2 occdrred between the water drBRlets sprinkled flrahh the 8

: Angl e of nozzle |, B3 ) 1% qiz , 8 el evati on:
15[ err] conven%%pnal waterégprlnk eﬁ,%Pd the airg
B5 28 0.3 8 B6 36
0.3 8 B7 45 0.4 4



- 103 - e ater—sphi nkling tests of the present sprinkl er
head 1 were céﬁ%ﬂé@ﬁ&uﬂﬂiﬁhﬁﬁg same manner as al ready described before
by perpendicyl drly providingia; liquid sprinkler with the Bresent
sprinkler hedd |1 (ag ﬁéTt‘*ﬁ@'{fnC bnter of a squar eSubstituite ishgetir 8aO6tokar EDhn
in Fig. 8} 10"mX 10m jwhere diameter of the heni- spherical part
la was 5 cm {sprrnktihg-wat-ef feed rate was about Il[err]/mn. and

wat er pressufe on the nozzles P was about 2 kg/cnR2. 10

Resul ts are shown I'n"FI'g.""68 Where the region sprinkled fromthe

nozzles al to a6 is a hatched region

inclined sprinkling area 15 than on the downward side thereof.

As is evident from Figs. 33B and 34, the present sprinkler
head 1 can sprinkle water substantially uniformly all over the
inclined sprinkling area 15, whereas the conventional water

sprinkler fails to conduct uniform water sprinkling.

In the foregoing embodiment, a sprinkler head 1 capable of
sprinkling water all over an inclined sprinkling area of square
shape has been illustrated, but the shape of an inclined
sprinkling area to be sprinkled with the present sprinkler head
1 is not limited only to the illustrated square shape, but can
also include any desired other shape, such as polygonal shapes
including a rectangular shape, a circular shape, an elliptical
shape, etc. Combinations of distribution pattern and diameters
of nozzles 2 can be selected in view of a degree of inclination
and size of an inclined sprinkling area, a sprinkling water feed

rate, etc.

Embodiments according to the sixth aspect of the present

invention will be described in detail below:

According to a first embodiment as shown in Figs. 35 and
36, nozzle 2 are formed along concentrical lines from the vertex
3 of the substantially hemispherical sprinkler head 3 as a
Canter. The nozzles 2 formed along the same concentrical lines,
i.e. at the same angle of nozzle elevation to the venter of the

hemispherical part la have the smallest diameters at

This Sheet Has

U



a6 and the region sprinkled fromthe nozzles Bl to B7 is a hatched

region B6. That is, the desired sprinkling area 6 could be sprinkled
according to tre-deSLLed 15 shape, that is, the desired square shape, by
the present RE%WMM?@ e | 1. SubstiBpte séett 3c0eobeo! 1987

per unit area PR RS and is shown in Fig. 69, where the curve
(a) shoms e thhe present sprinkler head 1. 20
Wat er sprinklina ﬁ%gtﬁﬁke&87als carried out under the same conditions

as above by cqgn S rlnkl%g heads each having only a nozzle for
wat er sprfi nkl i ng at an angfe of nozzle el evation of 27[err] or
15, but havi ngamegtat—rozzl pening area to that of 25 the present
sprinkl er head 1 E goﬁgsﬂﬁﬂédfm§h§r%¥w%hg s1xthF59pe§§ o@h%%g &Q%é%%FVe
(b) shows results 0

invention will be described below, referring to Figs. 38 to 40.

As shown in figs. 38 and 39, the distribution pattern and
diameters of nozzles 2 formed on the surface of the
hemispherical part la are different from those given in the

foregoing first embodiment shown in Figs. 35 and 36, as follows:

That is, nozzles 2 formed along the same concentrical lines
from the vertex 3 of the hemispherical part la as a venter, i.e.
at the same angles of elevation, have the smallest diameter at
positions nearest to two imaginary 1lines 4 substantially
extending on the surface of the hemispherical part la from the
vertex 3 downwards at an angular distance of 180° to one another
and have increasing diameters with increasing distance from the
imaginary lines 4. Diameters of nozzles 2 formed along the
concentrical lines increase in a substantial constant ratio with
increasing distance from the imaginary lines 4. That is, the
nozzles 2 along or at positions nearest to an imaginary central
line 5 locating at equal distances from the imaginary lines 4
have the largest diameters, whereas the diameters of nozzles 2
decrease with increasing distance from the imaginary central
lines 5 and are the smallest along or at positions nearest to
the imaginary lines 4. Furthermore, total nozzle opening area of

nozzles 2 formed along the same



conventi onal
el evati on of
- 104 -

angl e of nozg

Eﬁ%ﬁﬂkLeL_head,h

al sprinkler

[err].

ving a nozzle at an angle

EA@HWEN¢ SHEEF rve (c) shows those

oo |

of nozzl e

head havi ng a nozzl e- at an
Substitutesshéet €8iQkiobef 1OA7i g.

69, the presen head 1 can sprinkle water substantially 5
uniformy al klfi ng area, whereas the conventi onal
sprinkl er hehds suffer fromvdriations in t he sprinkled water vol une
per unit ared, dependrng-of 86 -

unit area.

That is,

the same function and effects as in the

above-mentioned first embodiment could be obtained.

Embodiments according to the seventh aspect of the present

invention will be described in detail below:

A distribution pattern of nozzles shown in Fig. 41, which
is a plan view of a hemispherical head la of substantially
hemispherical sprinkler head 1, is directed to such an example
that the shape of a sprinkling area is a square, and thus the
distribution pattern of nozzles 2 is not limited only to the
pattern shown in Fig. 41. Fig. 42 is an elevation view of the
hemispherical head la shown in Fig.

41. In this embodiment,

diameters of nozzles 2 are set to 0.4 mm to 0.8 mm. however, the
distribution pattern and diameters i of nozzles 2 are not
limited to those given above.

As shown in Fig. 41, projections id are provided at
positions near the connection part lc of the sprinkler head 1 to
be engaged with a head cover 13 as a sprinkling inhibiting
member. That is, the head cover 13 is provided on the sprinkler
head 1 to cover a portion of the nozzles 2 on the sprinkler head
1. The head cover 13 has recesses 13d for being inserted with
the projections 1d of the hemispherical part la. By inserting
the projections 1d into the recesses 134, the head cover 13 can
be engaged with the sprinkler head 1.

13a,

Nozzle opening regions
which are parts of the hemispherical part la of the
sprinkler head 1, are provided outside the coverage of head

cover 13, and



di stances from t heppbSgpipe—Ll, that is, the sprinkled wat er vol une
per unit area is 5§Eﬁgﬂﬁ%&Midﬁg§ fere are 10 zones not sprinkled with

wat er. Thus, the fcdnventi onar——y  |sprinkl er heads cannot conduct- uniform
wat er sprinkling. 03 pet 4 i mum hei ghtSulfstisateeshestops ed stobjee ATV
from a nozzl t varied ‘a%l s{ of nozzle elevation of the pr esent
sprinkl er head 1w IT be—describled below, 15 referring to Fig. 70 and
Tabl e 5. As shown inf Fig. 70, arise pipe 11 with a

sprinkl er head having a noZ a I%vel as high as 0.33 mfromthe
soil surface was perpendicularly ) Erovided on a sprinkling area and
subjected to water 20 sprinkling under a water pressure on the n02ﬁ|§ ﬁI ﬁ
kg/ cn2. Angl es n | e ation, nozzle di.ameters, maxi ei g

019 wat er d?opl e?{sn e}%%t eang‘l?((y)trH%%eas Sfiown “'in FIigS! 5ea and 568, a

concentrical nozzle opening region 13a can be provided on the

head cover 1, as viewed from the overhead. When the sprinkler
with this head cover is perpendicularly provided at the position
23 as shown in Fig. 59, the sprinkling zone is a hatched zone in
Fig. S9. That is, water can be sprinkled only on the square zone

near the sprinkler.

By changing the shape of head cover 13, water can be
sprinkled only onto a sprinkling zone or zones of any desired

shape at any desired distance.

Embodiments according to the eighth aspect of the present

invention will be described below.

As shown in Fig. 60, a filter 16 having smaller mesh sizes
than the diameters of the nozzles 2 and a larger trap area than
the lateral cross-sectional area of the rise pipe 11 is provided
between the sprinkler head 1 and the fixing jig 12 through

packing members 14' sandwiching the filter 16 to prevent water

leakage.

In the present embodiments, diameters of nozzles 2 are set

to, for example, 0.4 mm to 0.8 mm. Diameters of nozzles 2 are

not limited to those given above.

Materials of the filter 16 are not particularly limited.
For example, metals and synthetic resins are suitable materials.
Metals include, for example, stainless steel, copper, aluminum,

etc., and synthetic



i mum

()

4.1
60
4.2

nozzl e, distance x fromthe rise pipe 11 to the point of t he max
hei ght, and s RERL ACENENT SLiEETed rate are 25 shown in Table 5.

- 105 - \ Table 5 Angl e of

Maxi mum IR | nozzl e Suibsitittter sheet - 8 October 1997
D stance x (m feed rate el evati on

(m Oan[?ﬂnqhé'i) ([err]) 27 0.4
1.65 311 105 27 0.6 1.8

210 27 0.8 l;gm_ 4.7 350

0.4 36 26 10 60 0.6

3.7 210 60 0.8 4.6 4.0 3

hemispherical shape protruded toward the fixing jig 12 can be
employed. With this structure, sands, rusts, dusts, etc.
reaching the filter 16 together with water from the rise pipe 11
(not shown in the drawing) move along the filter 16 to the
clearances 1l2a between the fixing jig 12 and the filter 16 and
are retained there. Thus, clogging of the filter 16 can be more
effectively prevented. For the filter 16 with this structure,
the filter having a hemispherical shape shown in Fig. 62 or a
hemiellipsoidal shape can be employed by making it upside down,
as shown in Fig. 64, or the conical filter having a sharp vertex
at the venter, as shown in Fig. 63, can be employed by making it

upside down.

Accumulated sands, rusts, dusts, etc. can be easily removed
by disengaging the sprinkler head 1 and the filter 16 from the
fixing jig 12. Since sands, rusts, dusts, etc. are accumulated
in the clearances 12a, their removal can be more easily carried

out.

Embodiments according to the ninth aspect of the present

invention will be described in detail below:

Nozzles 2 are formed at angles of nozzle elevation of not
more than 27° to the center of the hemigpherical part la and
along a plurality of imaginary lines 4 substantially radially
extending on the surface of the substantially hemispherical
sprinkler head from the vertex 3 thereof, and diameters of the
nozzles 2 along the same imaginary lines 4 decrease with

increasing distance from the vertex 3.

50



As is evident from Tahle 5h,there IS no substantial difference in the
di stance x betms L JRE ) -e of nozzle elevation of 27[err] and that of
60, when t heq-ro zzLewdtaiiLers are equal to each other, but there 5 is
a large differien e in the rraxu im hei ght h. Tisibstidute shedth.esmetbﬁumﬂg@';ght
his 1.65 mfog di nq r of 0.4 mMm 1.8 mfor a nozzle

di ameter of 0.6 jv for a nozzle dianeter—of-0.5-mmat_an _
angl e of nozzl eIevatlon of 27[err] At an angle evatlon
of 10 60[ err]5==ea-=t-he_ot-her. hand, dﬂaXIﬁUﬂlhEIght ig or a
nozzl e di aneter..of..0.4 mm. 4.2 n1for nozzl e di ane

4.6 mfor a nozzle diameter of 0.8 mm Thus, the HHX|nun1he|ght h at an

angl e of CL | e el evation of 60[err] is at least twice as large as 15
that at an angle of nozzle elevation of 27.

e

1. A liquid sprinkler for locating at a desired positron in a
desired liquid sprinkling area, which sprinkler comprises: (1)
an upright rise pipe locatable at a desired position in the
desired liquidsprinkling area, (2) an upwardly protruded,
substantially hemispherical sprinkler head having a plurality of
nozzles for delivering a liquid to the desired sprinkling area,
the sprinkler head being detachably mounted on the upper end of
the rise pipe, and (3) a liquid distributor pipe connected to
the lower end of rise pipe wherein the sprinkler head has
nozzles formed along a plurality of imaginary lines intersecting
at the vertex of the substantially hemispherical sprinkler head
and extending substantially radially on the surface of the
substantially hemispherical sprinkler head, and the nozzles
formed along the same imaginary lines have increasing diameters

with increasing distances of the nozzles from the vertex.

2. A liquid sprinkler for locating at a desired positron in a
desired liquid sprinkling area, which sprinkler comprises: (1)
an upright rise pipe locatable at a desired position in the
desired liquid sprinkling area, (2) an upwardly protruded,
substantially hemispherical sprinkler head having a plurality of
nézzles for delivering a liquid to the desired sprinkling area,
the sprinkler head being detachably mounted on the upper end of
the rise pipe, and (3) a liquid distributor pipe connected to
the lower end of rise pipe wherein the sprinkler head has the
nozzles formed along first imaginary 1lines defined by the
respective sides of a polygon surrounding the vertex of the

substantially hemispherical sprinkler head, the first imaginary



Since the angles of elevation of nozzles 2 on t he hem spherical part
| a are sel ecte A not nore than 27[err] in the present
enbodi nent, th T plets ejected fromthe nozzles 2 can have a
maxi mim gﬂ@tﬁ” NT Sireri Subgtitute sheethe Gatober 488t

1.8 m Thus, n if the prééenJ i quid sprinkler is used.in an orchard
with the so cdl lfed

QC |g§}a ign to the sprinkling heig as shown in
Fig. 67, dropl et’s’ af e/ never attached to the ovaimi ,' jm,f”lﬂ"m
whereas in cape of aC spri gkl er head 1 a]le l

an angle of e

lines defined by the respective sides of the polygon being
curved toward the substantially hemispherical sprinkler head, as
viewed in a plan view of the substantially hemispherical
sprinkler head from the vertex side, and also nozzles formed
along second imaginary lines drawn in parallel to the first
imaginary lines, but positioned from the first imaginary lines

toward the vertex.

3. A liquid sprinkler according to Claim 2, wherein the

polygon is a rhombus.

4, A liquid sprinkler according to Claim 2, wherein the
nozzles formed on the same imaginary lines have an equal nozzle

diameter.

5. A liguid sprinkler according to Claim 1, wherein the
sprinkler head has the nozzles formed in a strip zone defined by
two second imaginary lines substantially in parallel to a first
imaginary straight line passing through the wvertex of the
substantially hemispherical sprinkler head, as viewed in a plan
view of the substantially hemispherical sprinkler head from the

vertex side.

6. A liquid sprinkler according to Claim 5, wherein at least
one strip zone is provided on each side of the first imaginary

straight line.

7. A liquid sprinkler according to Claim 5, wherein the strip
zone is provided in a range of angles of elevation of 0° to 85

from the wventer of the substantially hemispherical sprinkler

is Sheet Has Been Replaced
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exanple, 60[err], as shown in Fig. 71, water droplets are

attached to

t he overagad_LLupps - Furthernore, total nozzle opening area
of the qﬂ MR es WD Skt Re sane angl e of nozzle elevation is nmade to
decr ease decr &aS1 ng {arjgl e of nozzl e el evatbstitute sheewh 8 @bjolienel 997

sprinkl ed

regi on of jrél ﬁtq mvﬁ%]or
liquid 1% |sprinkles—ard
distance, ji.e. a region farlfromthe |iquid sprinkler,

unit area can be made equal between a

oS T LT

i on near the

Wi

uni f or m wdt-ef—spriMRTTHYG can be conddttad all over a sprlnkllng ar ea.

In the foregoing enbodi nents, materials for 20 the sprinkler
not part|cularl¥ limted, and refer are erials
weat heri ng® n

head 1 are
a vertica ross-sgctlonﬁblxyiew ofn%}'le sprink er q’?e aa'good

the crosssectional view passing through the vertex and vertical

to the first imaginary straight line.

8. A liquid sprinkler according to Claim 1, wherein the

sprinkler head has the nozzles formed in a rectangular zone

enclosed by two first imaginary straight lines substantially in

parallel to each other and by two second imaginary straight

lines intersecting the first imaginary straight

lines

substantially at a right angle and substantially in parallel to

each other, as viewed in a plan view of the substantially

hemispherical sprinkler head £from the vertex

of the

substantially hemispherical sprinkler head, the vertex locating

in the rectangular zone.

9. A liguid sprinkler according to Claim 8, wherein the

rectangular zone is provided in a range of angle of elevations

of 30° to less than 90° to the renter of the substantially

semispherical sprinkler head in a vertical cross-sectional view

of the sprinkler head, the vertical cross-sectional view passing

the vertex and vertical to the first imaginary straight lines,

and also provided in a range of angles of elevations of 30 to

less than 90° to the venter of the substantially hemispherical

sprinkler head in a vertical cross-sectional view of the

sprinkler head, the vertical cross-sectional view passing the

vertex and vertical to the second imaginary straight lines.

10. A 1ligquid sprinkler according to Claim 1, wherein the

sprinkler head has nozzles in two divided zones

of the

substantially hemispherical sprinkler headt divided by an

This Sheet Has Been Replaced
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resi stance, "a high inpact resistance, a good chem cal resi st ance,

For exanple, petals, synthetic resins and synthetic rubber are

pr ef er abl e.

resins

and | ow densi
pol yol efins s

- 107 -
resin),

engin
can be sel ect

e

[«

_ P
1

p | enesg, |pol ypropyl ene, polyvinyl chlorlde
ﬁ&ygﬂ%ﬁ%-vi nyl acetate '

c

-ysed of -112-

\.

imaginary straight line passing through the vertex of the
substantially hemispherical sprinkler head, the nozzles in one
of the two divided zones has a denser nozzle distribution with
increasing distance from the vertex, while the nozzles in other
divided zone has a sparser nozzle distribution with increasing

distance from the vertex.

11. A 1ligquid sprinkler according to Claim 1, wherein the
sprinkler head has nozzles formed in a zone enclosed by two
second imaginary lines intersecting a first imaginary straight
line ©passing through the vertex of the substantially
hemispherical sprinkler head substantially at a right angle and
substantially in parallel to each other; the zone is further
divided into two subzones by the first imaginary straight line;
the respective divided subzones are further divided each into
two subsections by an imaginary ellipse drawn by a segment of a
line between two intersections of the first imaginary straight
line and the two second imaginary straight lines as the line of
upsides; and the nozzles in the subsection outside the imaginary
ellipse in one of the subzones have a larger total nozzle
oﬁening area than in the subsection inside the imaginary
ellipse, while the nozzles in the subsection outside the
imaginary ellipse in other subzone have a smaller total nozzle
opening area than in the subsection inside the imaginary

ellipse.

12. A 1liquid sprinkler according to Claim 1, wherein the
sprinkler head has the nozzles formed along concentrical lines
from the vertex of the substantially hemispherical sprinkler

head as a center and the nozzles formed along the concentrical

etc.

for exanple, stainless steel and synthetic
PP%GEMEMP&&E"%Ee hi gh densi Bubptitytetsdhdet R Outdbemt 997

rm““. G prast 1G5, rlenforsed pl asti oo, Styrﬁlﬁlﬂﬂﬁﬂlﬂuﬂﬂlﬂms



the sprinkler head 1, that is, the sprinkler. 5 Process for
preparing th JT‘I‘m(*f-_Q%head\._l_ S not particularly limted, and a
process suit B fff PR SHAEEP( production at a | ow production cost is
pref erabl e. For exan'p+-e,; A press procesSubstitutetshiziet - Octebhad $997d
an injection |g1q3dof qgga,ss S suitable for synthetic 10 resins and
synthetic rupb r Procedure for formng nozzles 2 is not

particul arl yg | rm prijocedure suitable for ﬂw n at
a | ow produckion cost is prefdrable.. For exanpl e "wm&mggnrmmt I on
procedure or a driTT—i5—perfiorati olrpprocedure is suitabfe.t

An exanple of using a plurality of the present liquid sprinklers is

fg(r)]\lim in Fiﬂle %’ave 1ngré1usr§.%rgadlg't9eters wli%hailpxgggas?{]rgg 55)15%anc%w St grage

plurality of imaginary lines substantially radially extending
along the surface of the substantially hemispherical sprinkler

head from the wvertex.

13. A liquid sprinkler according to Claim 12, wherein the
imaginary lines are four lines each intersecting their adjacent

line at a right angle.

14. A 1liquid sprinkler according to Claim 12, wherein the
nozzles formed along the concentrical lines on the surface of
the substantially hemispherical sprinkler head have increasing
total nozzle opening area with increasing distance of the

concentrical lines from the vertex.

15. A 1liquid sprinkler according to any preceding claim,
wherein the sprinkler head is provided with a sprinkling-
inhibiting member for inhibiting sprinkling of a liquid through
other nozzles than those destined to the desired sprinkling

area.

16. A liquid sprinkler according to Claim 15, wherein the
sprinkler head is provided with a sealing member for sealing
clearances between the sprinklinginhibiting member and the

sprinkler head.

17. A 1liquid sprinkler according to any preceding claim,
wherein the sprinkler head has a filter between the sprinkler
head and a fixing jig; the filter has a smaller mesh size than

the nozzle diameter and a larger trap area than the lateral

This Sheet Has Been Replaced
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The liquid sprinkler wwth the present 20 sprinkler head can be used for

sprinkling water to farns or gardens for outdoor raising of
veget abl es, ower s, etc. green house farms or gardens, orchards,
par ks or RE b " : : with |awns or Substitute sheeto 8§ Gadgber 1997
In the forg¢g ‘eHo the liquid 25 sprinkler islimted to a
wat er spri pkfer, but thé liquid to be sprinkled by the present |iquid
spri nkl er ﬂﬁsaﬂm q only to water, but also '
- 108 - icul tural“cle I cal s such as insectici desmilwmlﬁmﬂﬂmn |“|

‘ - 114- x € L M s %

i o ———

cross-sectional area of the rise pipe.

18. A 1liquid sprinkler according to Claim 1, wherein the
sprinkler head has nozzles formed at angles of nozzle elevation
of not more than 27° to the renter of the substantially
hemispherical sprinkler head and along a plurality of imaginary
lines substantially radially extruding from the vertex of the
substantially hemispherical sprinkler head along the surface
thereof, and diameters of the nozzles along the same imaginary

lines decrease with increasing distance from the vertex.

19. A liquid sprinkler according to Claim 18, wherein total
nozzle opening area of the nozzles at the same angle of nozzle

elevation decreases with decreasing angle of nozzle elevation.

20. A sprinkler head for a liquid sprinkler as claimed in any

preceding claims.

21. A sprinkler system comprising a plurality of 1liguid

sprinklers as claimed in any one of claims 1 to 20.

22. A liquid sprinkler or a liquid sprinkler head substantially
as hereinbefore described with reference to, and as illustrated

in, any one of the accompanying drawings.

This Sheet Has Been Repl
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etc. or liquid fertilers can be sprinkled by the present liquid

sprinkler, when used.in the agriculture, horticulture, etc. Furthernore,
the present liquid REPEAEH“ENT Sﬁ@Ep used for preventing salt danages due
to ._spread sea wa F-S+-35 ~rpstf danage in tea gardens, etc.

O her .aspects of th
liquid sprinklers aTd spr

sprinkl ers.

(¢1]

10

135

20

25

U

I es yentjon relate to sprinkl er heads for
§ fﬂ@?%gﬁﬁﬁ systens containing a plurality of liquid
Substitute sheet - 3 December 1997
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sprinkler head. Water sprinkling to a plurality of
water sprinkling areas is not possible to control. That
is, the water sprinkling area is always restricted to a
sector-shaped area or a semicircular area around the
sprinkler location as a center, and only the rotatable
angular range of sprinkler head can be changed.
Eowever, the actual change of the rotatable angular
ﬁange has a technical difficulty, because, for example,
balance between the rotatable angular range and thé feed
rate of water must be preciéely adjusted beforehand.
Thus, when the water sprinkling area is a portion of the
area all over around the sprinkler location, for
example, when the water sprinkling area is not an area
all over around, the sprinkler locates on one side of
the sprinkler location (for example, on the west side qf
the sprinkler location), or when the ﬁate: sprinkling
area is on both sides of the sprinkler location (, that
is, all over around the sprinkler leccation), but locates
far from the sprinkler location, or near to the
sprinkler location, there is a problem of a failure to
efficiently sprinkle water only in such a porticn of the
area. .

Generally, crops such as beans, potatoes,
vegetables, corns, tea leaves, coffee beans, mulberry

leaves, feed crops, etc., and fruit trees such as grape

vines, orange trees, etc. are susceptible to frost

damage due to early frosc in

the autumn or late frost

in the spring. Frost is formed by contact of water



CLAIMS 1.

desired Iiquid sprinkling area, which sprinkler conprises:
va%“a;dg nr m05|t|on in the desired |iquidsprinkling
f ;”Ubstantlally henlspherlcal sprlnkler head

ri se pipe | ocatabl
area, (2) an upwar!
havi ng a pIuraIity
sprinkling area, t
end of the rise pi

| ower end of
a, plurality
substanti al |
radially on

di aneters w

A liquid sprinkler for locating at a desired positron in a

PPt d:

nozzles for

spr4 ki3

ddl i ver i ngSHPstItkte ghest ¢ Sc-Daeambey 1997

ujd distributor pipe connected to the
rise

of imaginary |lines intersecting at the vertex of the

y hem sptieri cal sprinkler shead and extendi ng substantially

(1) an upright

ei ng detachably nounted on the upper

and (3) a li
|Ae—mher€rﬁ” e sprinkler head has nozzles forned al ong

the surface of the substamdially hem spherical sprinkler head,
and the nozzles fornmed along the same inmaginary |ines have increasing

th increasing distances of the nozzles fromthe vertex. 2.

li.qui d sprimkigomdy Rbtaevar aaspalmelsun%dlrp@spﬁr enyi shapelewid exide ,quard

bcat abl o ars S, SRrCRREIT ol d TR s ke T LB A iy o)

an upwardly

thotnudes of the liquid sprinklers can be reduced in a given

sprinkling area than that of the conventional liquid sprinklers.

If the polygon is a rhombus, the liquid can be sprinkled
substantially uniformly all over a sprinkling area of, for

example, a rectangular shape or a square shape.

If the nozzles formed on the same imaginary lines have an
equal nozzle diameter, more uniform liquid sprinkling all over

a sprinkling area of any shape or size can be attained.

According to a third aspect of the present invention, the
sprinkler head has the nozzles formed in a strip zone defined by
two second imaginary lines substantially in parallel to a first
imaginary straight line passing through the vertex of the
substantially hemispherical sprinkler head, as viewed in a plan
view of the substantially hemispherical sprinkler head from the
vertex side; at least one strip zone is provided on each side of
the first imaginary straight line; and the strip =zone is
provided in a range of angles of elevation of 0° to 85° from the
renter of the substantially hemispherical sprinkler head in a
vertical cross sectional view of the sprinkler head, i.e. the
cross sectional view passing through the vertex and vertical to

the first imaginary straight line.

A



substantial ly henrsphggagﬂtkﬁpﬁ¢p$19r head having a plurality of nozzles
for delivering a kFs UERE ed sprinkling area, the sprinkler head
bei ng detachably gnted on the uppgr end of the rise pipe, and (3) a
liquid distributord pi geycbbbel@2dltp the lower end of rise pipe wherein the
sprinkl er head hag the nozzles fo d along first imaginary |ines defined
by the respective jsigesTofa polygo surrounding the vertex of the
substantial |y henilspherical _sprinklér hea8ubstite sheet i dRacemier 1997
-110- | i nes def.iined by the respective sides of the polygon being curved
toward the substantially henispherical @8 mkl er head, as viewed in a plan
view of the substantially hem spheri cal

vigorously hit the soil surface even on the upward side

of the inclined plain. That is, the liquid can be
gently sprinkled without rebounding of sprinkled liquid
droplets from the soil surface, etc., and, for example,
5 the sown seeds never flow away from the soil or neither
leaves nor stems are damaged, or the roots are never
exposed from the soil. That is, there is no fear of
plant growth inhibition. Thus, the present ligquid
sprinkler is suitable for sprinkling a liquid to an
10 inclined glain.
Since a plurality of nozzles are formed in a
zone enclosed by two second imaginary lines intersecting
a first imaginary straight line passing through the
vertex of the substantially hemispherical sprinkler head
15 substantially at a right angle and substantially in
parallel to each other; the zone is further divided into
two subzones by the £irst imaginary straight line; the
respective divided subzones are further divided each
iato two subsections by an imaginary ellipse drawn by a
20 segment of a line between two intersections of the first
imaginary straight line and the two second imaginary
straight lines as the line of upsides; and the nozzles
in the subsection outside the imaginary ellipse in one
of the subzones have a larger total opening area th;?7fg
25 the subsection inside the imaginary ellipse, while the
nozzles in the subsection outside the imaginary ellipse
in other subzone have a smaller total opening area Jgg§7

in the subsection inside the imaginary ellipse, the



sprinkler head fromthe vertex side, and al so nozzles forned al ong second
i magi nary |ines;

m-ﬁ%r % 1. to the first imaginary |lines, but
posi ti oned from RABLACEMEN wgEhery |ines toward the vertex. 3. A
l'iquid sprinkled @ Fadimg to d ajm2, wherein the polygon is a rhonbus.

4. A liquid:spri nlﬂ ﬁrgggqggpli gl to Caim2, wherein the nozzles fornmed on
the sane imagi:ndary It nes have ah gqual nozzl e diangter. 5 A t%élﬂl d
sprinkl er accord ' ~ wher ei n t RMPSURIE SRPEY - fARFamRer ozzl es
formed in a strijp zone defined byjtwo second imaginary |ines substantially
in parallel to st nagi nary straigght |ine passing through the vertex

of the substantially hem spherjcal spri nkl er.head, as viewsd in a plan vi ew
of the substantially hehf s%fferd‘t‘aﬁg%‘i SEF LREAT f r AT ¢R v%ért%“x si de.

6. A liquid sprinkleg acgording t im 35, teidaal, strip
zone is proviﬁgd"gﬁseé@h ?ﬁ’en%?‘???e‘%ﬁaer'staqiln\gglgﬁaF%st?Jé?gi%el()(?ﬁ%.
that is, the one-eighth zone of the sprinkling area 1,

is set to 16, but the number cf nczzles is not
s pa::'icularly limited,.

Ancther embodiment f£or sprinkling waterx
approximately toc the segment AR of triangle QA3 will be
described below.

Water is to be sprinkled approximately to the

10 segment A3 through 7 nozzles in place of 6 nozzles a to
£f. As shown in Fig. 12, the segment A3 is divided int
€ equal subsegments, and water must be sprinkled _
.approximately’to the respective points A, B, T, U, V, W
and X £rom the respective nczzles. Distances toc the
1s respective-pcints', A, B and T to X from the sprinkler
location O are as follows: distance oik = 7 m, édistance
0B = 5 m, distance OT = 6.5 m, distance OU = 6.0 m,
distance OV = 5.6 m, distance OW = 5.3m anéd distance OX
= 5.1 m.. The respective sec:tor angles are as follows:
20 sector angle ROB = 45°, sector angle AOT = 4°, sector
angle ACU = 1ll°, sector angle AOV = 18°, seczor angle
ACW d 27° and sector angle AOX = 3§°.
Angles of elevation of nozsles capable of
Sprinkling water approximately to the respective points

2s A, B, T to X, that is, nozzles a', b', =, u, v, w anéd x,

respectively, are calculated in the same manner as

above. Angles of elevation of nozzlas a', b’

are 30°, 60°, 37.5°, 45°, Sl°%, 55.5° and SB.S“..



7. Aliquid sprinkler according.i.0.Claimb5, wherein the strip zone is

provided in a range . HEEE ion of O to 85[err] fromthe center
of the substantially ) §§§E$g;§ spr i nkl er head in a

vertical cross-sectidndl view.af ejsprinkl er head, the cross-sectional

vi ew passi ng t hrough |t He Qér Hgﬁ @gg Yellt i cal Substityde sheet - BniRgeember 1997

straight 1ine. 8- |'iquid sprinklieq according to Claiml, wherein the

sprinkl er head has t nozzl es forned ifjn a rectangul ar zone encl osed by two

first imaginary strai i 'i al kygign-parall el to each other and

by two second imaginary straight ‘
head 1 had no nozzles 2b. Water was sprinkled at a

A

water feed rate of about 17¢/min and a water pressure of

about 2 kg/cm2. The distribution pattern and diameters

of nozzles 2a shown in Figs. 17 and 18 were the same as
§ given in Figs. 15 and 16.

Results of sprinkled water volume per unit
area measured under the above-mentioned conditions are
shown in Fig. 19, where a group of curves (a) shows
sprinkled water volume per unit area of the sprinkler

10 head 1, émong which the curve @ shows the sprinkled
water volume directed toward the centers of four sides
of the square sprinkling area, the curve @ shows the
one directed toward the four corners of the square
sprinkling area and the curve @ shows the one directed

15 toward the intermediate segments betw;en the centers of
the four side and the four corners of the square
sprinkling area.

" On the other hand, a comparative spriﬁkler
head was tested in the water sprinkling tests to measure

20 the sprinkled water volume per unit area. The
comparative sprinkler head was prepared under the same
structure and conditions as shown in Figs. 17 and 18,
except number of nozzles per imaginary line was equal
throughout all the imaginary lines, and all the nozzles

25 ©on the comparative sprinkler head were set to have the
same total nozzle opening area as that of all the

nozzles 2a on the present sprinkler head 1.



lines intersecting the first

vertex of -aft | alty

| ocating in the nRegtgngu e
Claim8, wherein treaﬂ.r gcbgﬁg@%r z
el evations of 30[lerr] _to less—than
substantially senfi spherical sprink

| magi nary

spheri cal

at a right angle_and sub I n parallel
a plan vjeW/of't1B§§¥p§faﬁNWa$HEEﬁenispherical
the 3 F '
e

straight |lines substantially

to each other, as viewed in
sprinkler head from the

sprinkl er head, the vertex

9. A liquid sprinkler according to

051 TR e PR o057 ©

er head,in a vertical cross-sectiona

vi ew of the spri nkler—heat—tire~veT

vertex and vertical to t ,f' |
provided in a range of aggFeé£€§ee

to the center %gaghg,ngSEﬁe&haéhgiﬁf-

vertical cross-sectional view o

‘tical ?ogs-sectional vi ew passing the

;Vé[ﬂ)é’ns%égi%%réﬁ %1? o%“] g wﬁigf

ess than 90[err]

] hety [ rq in a
p?cP, Exfneér:@ iSPrd Pdedle e

e sprin head, t'he verti cal

Cross-secti onalpngeiza\w Iaa.%%i:'iﬁvixglﬂgnyeiiﬁl(s@f@téfﬁréd@:ﬂ'ari Q@D 12eCoRE

| magi nary straight |ines.

A liquid sprinkler according to Claiml1,

wher ei n the sprdbekldes iredd sbasnkbiag esrea 1swimliaimast #ayudaofshape,

substantial ly
5

10

15

20

25

hem spherical sprinkler

head divided by an
that is, a strip shape.

Thus, the pattern of nozzle
distribution is not limited to the one shown in Fig. 20.

In the present embodiment, diameters of nozzle
are set to, e.g. 0.4 mm to 0.8 mm. Since one strip zone
5 is provided on each side of the first imaginary
straight }ine 8 passing through the vortex 3 of.the
sprinkler head 1, the single sprinkler head 1 can
sprinkle water onto two sprinkling zones at the same
time by perpendicularly providing the sprinkler between
the two sprinkling zones, when the sprinkling area is
divided into the two sprinkling zones.

Since the strip zones 5 are each provided ‘in a
range of angles of elevation of 15° to 85° and the
nozzle diameters are formed in a range of 0.4 mm to 0.8
mm, impact forces of sprinkled water droplets on the -
soil surface of a sprinkling area is made smaller and
gentle water sprinkling can be carried out without
rebounding of sprinkled water droplets from the soil

surface. That is, there are no such fears that the sown

seeds will flow away from the soil or the roocts will be
exposed from the scil by the sprinkled water to inhibit
the growth of plants.

Sprinkled water volume per unit area of the

sprinkler head 1 according to the embodiment b#sed on
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substantially hem spherical sprinkler head,
di vi ded zones has—a—de
fromthe vertex,}REFIASHINTSHEESS i n ot her gp |ded z
nozzl e distribut MTH-THereagi ng di stance % tHUtR S §Ff

i quid sprinkler qdi Fﬁ Claijm 1, wherein the sprinkler
nozzl es forned in one en 3

intersecting a f

I magi nary straight |ine passing through the vertex of the
the nozzles in one of the two
nser—aezz| esdi stribution wth increasing di st ance

Décoinper 4 997

head has

s¢d |[by two second imaginary |ines
traight l'ine passing thgQy pHgnge%grtex of

angl e and

the substantialll hem spheri cal ri nkl er head subst ant
subst el to each other; theu IﬂH
di vided into two subzones by the fiTst #naginary straig

[18

respective divided subzones are further di vi ded each into two subsections

by an imaginary ellipse drawn by a segnent of a

| i ne between two

i nter sect | N Off i ¥ Fritk1 L ARG V1 S itiRIIBh the downward side thereof.

As is evident from Figs. 33B and 34, the present sprinkler
head 1 can sprinkle water substantially uniformly all over the
inclined sprinkling area 15, whereas the conventional water

sprinkler fails to conduct uniform water sprinkling.

In the foregoing embodiment, a sprinkler head 1 capable of
sprinkling water all over an inclined sprinkling area of sguare
shape has been illustrated, but the shape of an inclined
sprinkling area to be sprinkled with the present sprinkler head
1 is not limited only to the illustrated square shape, but can
also include any desired other shape, such as polygonal shapes
including a rectangular shape, a circular shape, an elliptical
shape, etc. Combinations of distribution pattern and diameters
of nozzles 2 can be selected in view of a degrees of inclinaﬁion

and size of an inclined sprinkling area, a sprinkling water feed

rate, etc.

Embodiments according to the sixth aspect of the present
invention will be described in detail below:

According to a first embodiment as shown in Figs. 35 and
36, nozzle 2 are formed along concentrical lines from the vertex
3 of the substantially hemispherical sprinkler head 1 as a
Canter. The nozzles 2 formed along the same concentrical lines,
i.e. at the same angle of nozzle elevation to the venter of the

hemispherical part la have the smallest diameters at



line and the two second imaginary straight lines as the |ine of upsides;
and the nozzles in the subsection outside the imaginary ellipse in one of

t he subzones have a { me opening area than in the subsection
i nside the inagi nary\ammmnmﬂ e nozz es [N the subgecti on out 9
the i-magi nary ellipsey xrn -6t her_sulSzohe have bﬁ?ﬁwee? e8¢k a ?erZT‘Ee'bﬂ)éﬁ
area than in the n_g‘ gjmm ngrp? the imaginary ellipse. 12. Aliquid
sprinkl er accoridiln -+ ¢rein the sprinkler head has the nozzles
fornmed al ong conde trlcab t SZ romthe vertex of the substantially
[ 3 sja

hem spheri cal sprji kilA center and the nozzles fornmed along the
concentri cal

- ﬁ(L)

-110-

F

lines defined by the respective sides of the polygon being
curved toward the substantially hemispherical sprinkler head, as
viewed in a plan view of the substantially hemispherical
sprinkler head from the wvertex side, and also nozzles formed
along second imaginary lines drawn in parallel to the first
.imaginary lines, but positioned from the first imaginary lines

toward the wvertex.

3. A liquid sprinkler according to Claim 2, wherein the
polygon is a rhombus.

4. A liquid sprinkler according to Claim 2, wherein the

nozzles formed on the same imaginary lines have an equal nozzle

diameter.

5. A 1liquid sprinkler according to Claim 1, wherein the
sprinkler head has the nozzles formed in a strip zone defined by
two second imaginary lines substantially in parallel to a first
imaginary sti'aigl_it line passing through the vertex of the
substantially hemispherical sprinkler head, as viewed in a plan

view of the substantially hemispherical sprinkler head from the

vertex side.

6. A liquid sprinkler according to Claim 5, wherein at least

one strip zone is provided on each side of the first imaginary
straight line.

7. A liquid sprinkler according to Claim 5, wherein the strip
zone is provided in a range of angles of elevation of 0° to 85°

from the center of the substantially hemispherical sprinkler



-113- | i nes have increasing dianeters wth increasing distance froma
plurality of inmaginary-lines substantially radially extending along the
surface_of the subst hem spherical sprinkler head fromthe vertex.
137 A liquid sprinkl 3;”@31{@ " gmm"f aim 12, wherein the inmagin y | NS
are four lines each i adj aSubstityteshaets 3 Dace 99

14., A liquid sprinkler accordl ng to *Claim 12, wherein the nozzles forrred

al ong t he concengticat— [ e surface of the substantiall y
hem spherical s rﬁmmm% i ncreasing total nozzle opening area with

i ncreasi ng di stapcg of the concgntjrical lines fromthe vertex. 15. A
i quid sprinkler accgr |m'g; f997any |preceding claim wherein the sprinkler
head i s provi ded|wW a sprinklijng- Lppj biting menber for inhibiting
sprinkling of a il ~d~'thr0"tr ot her nozzl es than those destined to the
desired sprinklimng area. 16, . j qui d sprinkler according to Caim 15,
wher ei n t hengpal OKI &1 véetikedls qioek-gdadt 1bhdl arissaldfngheespeinkber skead ng

the cross-sectional view passing through the vertex and vertical

to the first imaginary straight line.

8. A liquid sprinkler according to Claim 1, wherein the
sprinkler head has the nozzles formed in a rectangular zone
enclosed by two first imaginary straight lines substantially in
parallel toc each other and by two second imaginary straight
lines intersecting the first imaginary straight 1lines
substantially at a right angle and substantially in parallel to
each other, as viewed in a plan view of the substantially
hemispherical sprinkler head from the vertex of the

substantially hemispherical sprinkler head, the vertex locating

in the rectangular zone.

8. A liquid sprinkler according to Claim 8, wherein the
rectangular zone is provided in a range of angle of elevations
of 30° to less than 90° to the center of the substantially
semispherical "sprinkler head in a vertical cross-sectional view
of the sprinkler head, the vertical cross-sectional view passing
the vertex and vertical to the first imaginary straight lines,
and also provided in a range of angles of elevations of 30° to
less than 90° to the center of the substantially hemispherical
sprinkler head in a vertical cross-sectional view of the
sprinkler head, thé vertical cross-sectional view passing the

vertex and vertical to the second imaginary straight lines.

10. A liquid sprinkler according to Claim 1, wherein the
sprinkler head has nozzles in two divided zones of the

substantially hemispherical sprinkler head divided by an



cl earances between the sprinkling-inhibiting menber and the sprinkler
head. 17. A liquid sprinkler according to any preceding claim wherein

t he spr.inkler head h ' n the sprinkler head and a fi xing
jifg; the filter has 3mwl’mm|m“ﬂmge thag the nozzl e di aﬁeter an
larger trap area.than *thé | atetals * Substituts sﬁee_t-b 86mbar 4gd7
-114 - cross-sectional area of the rise pipe. 18. A liquid sprinkler

according to Claim1, wherein the REPLACEMENT SHEET
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lines have increasing diameters with increasing distance from a
plurality of imaginary lines substantially radially extending

along the surface of the substantially hemispherical sprinkler

head from the vertex.

13. A liquid sprinkler according to Claim 12, wherein the
imaginary lines are four lines each intersecting their adjacent

line at a right angle.

14. A ligquid sprinkler according to Claim 12, wherein the
nozzles formed along the concentrical lines on the surface of
the substantially hemispherical sprinkler head have increasing
total nozzle opening area with increasing distance of the

concentrical lines from the vertex.

15. A 1liquid sprinkler according to any preceding claim,
wherein the sprinkler head is provided with a sprinkling-
inhibiting member for inhibiting sprinkling of a ligquid through
other nozzles than those destined to the desired sprinkling
area.

16. A liquid sprinkler according to Claim 15, wherein the
sprinkler head is provided with a sealing member for sealing
clearances between the Sprinkling-inhibiting = member and the
sprinkler head.

17. A 1liquid sprinkler according to any preceding claim,
wherein the sprinkler head has a filter between the sprinkler
head and a fixing jig; the filter has a smaller mesh size than

the nozzle diameter and a larger trap area than the lateral



sprinkl er head has nozzles fornmed at angles of nozzle elevation of not nore
than 27 to the center of the substantially hem spheri cal sprinkler head

and al ong a pIuraIitiqunuﬂFHuﬂ es substantial ly radlally ext endi ng
from t-he vertex of t HEI ﬂ]Sp |cal S rlnkéﬁé ag 39 9 t he
surface thereof, and diafreters' offtRe nozzl s&l B SheRt s eqq{g P 9

| i nes decrease mn{h I ncreasing distance fromthe vertex. A'liquid
sprinkl er according to O aim 18, wherein total nozzle 4¢P¥

nozzl es at the same angle of nozzle elevation decreas é‘

angl e of nozzle elevation. 20. A sprinkler head for I|qU|d sprlnl
clainmed in any preceding clains. 21. A sprinkler s stediéoﬂﬁf
plurality of liquid sprinklers as clgijed in any one foff clains 1 to
22. Aliquid sprinkler or a liquid sprinkler head su stant"”TTyF

her ei nbef ore described with reference to, and as ill
the acconparysB9dsde8IbNYE .area of the rise pipe. '

any ope of

18. A liquid sprinkler according to Claim 1, wherein the
sprinkler head has nozzles formed at angles of nozzle elevation
of not more than 27° to the Center of the substantially
hemispherical sprinkler head and along a plurality of imaginary
lines substantially radially extending - from the vertex of the
substantially hemisphefical sprinkler head along the surface
thereof, and diameters of the nozzles along the same imaginary

lines decrease with increasing distance from the vertex.

19. A liquid sprinkler according to Claim 18, wherein total
nozzle opening area of the nozzles at the same angle of nozzle

elevation decreases with decreasing angle of nozzle elevation.

20. A sprinkler head for a liquid sprinkler as claimed in ény
preceding claims.

21. A sprinkler system comprising a plurality of liquid

sprinklers as claimed in any one of claims 1 to 20.

22. A liquid sprinkler or a liquid sprinkler head substantially
as hereinbefore described with reference to, and as illustrated

in, any one of the accompanying drawings.
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inclined sprinkling area 15 than on the downward side thereof.

As is evident from Figs. 33B and 34, the present sprinkler
head 1 can sprinkle water substantially uniformly all over the
inclined sprinkling area 15, whereas the conventional water

sprinkler fails to conduct uniform water sprinkling.

In the foregoing embodiment, a sprinkler head 1 capable of
sprinkling water all over an inclined sprinkling area of square
shape has been illustrated, but the shape of an inclined
sprinkling area to be sprinkled with the present sprinkler head
1 is not limited only to the illustrated square shape, but can
also include any desired other shape, such. as polygonal shapes
including a rectangular shape, a circular shape, an elliptical
shape, etc. Combinations of distribution pattern and diameters
of nozzles 2 can be selected in view of a degree of inclination

and size of an inclined sprinkling area, a sprinkling water feed

rate, etc.

Embodiments according to the sixth aspect of the present

invention will be described in detail below:

According to a first embodiment as shown in Figs. 35 and
36, nozzle 2 are formed along concentrical lines from the vertex
3 of the substantially hemispherical sprinkler head ! as a
center. The nozzles 2 formed along the same concentrical lines,
i.e. at the same angle of nozzle elevation to the venter of the

hemispherical part la have the smallest diameters at
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copolymer, etc., acrylonitrile-butadiene-styrene resin
(ABS resin), engineering plastics, reinforced plastics,
etc. These materials can be selected in view of uses of
the sprinkler head 1, that is, the sprinkler.

Process for preparing the sprinkler head 1l is
not particularly limited, and a process suitable for
mass production at a low production cost is preferable.
For example, a press process is suit&ble for metals and
an injection molding process is suitable for synthetic
resins and synthetic rubber.

Procedure for forming nozzles 2 is not
particularly limited, and a procedure suitable for mass
production at a low production cost is preferable. For

ekample, a laser perforation procedure or a drill

perforation procedure is suitable.

An example of using a plurality of the present
liquid sprinklers is shown in Fig. 72, where numeral 40
is a pump and 50 a ligquid storage tank.

The liquid sprinkler with the present
sprinkler head can be used for sprinkling water to farms
or gardens for outdoor raising of vegetables, flowers,
etc. green house farms or gardens, orchards, parks or
gardens planted with lawns or flowers, or to roads.

In the foregoing embodiments, the liquid
sprinkler is limited to a water sprinkler, but the
liquid to be sprinkled by the present liquid sprinkler

is not limited only to water, but also solutions of



