10

15

20

25

DESCRIPTION
TITLE OF INVENTION:

ATR CONDITIONING APPARATUS IN PLANT CULTIVATION

TECHNiCAL FIELD

The present inventionrelatestoanairconditioning
apparatus in plant cultivation that realizes air conditioning
control only over a vicinity of a plant and growth promotion

of the plant at the same time in a plant factory.

BACKGROUND ART

As to a conventional air conditioning method in a
plant factory, thereisanair conditioningmethodof, forexample,
Patent Literature 1 as a method of performing air conditioning
control over a whole cultivation room by an ailr conditioner
providedonawall surface, or amethodof installingcirculation
fans in a multistage cultivation shelf to perform air
conditioning control over the respective stages in constant
flows.

Fig. 6 is a view showing an air conditioning method
of Patent Literaturel. Anarrowshowsadirectionofair-flows.
Plants are planted and cultivated in cell trays 27 installed
in box-shaped raising seedling apparatuses 22. In this air
conditioning method, air subjected to cooling and humidity

conditioningbyan indoorunit2lofanairconditioningapparatus
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provided on a wall surface of an enclosed structure 20 is sucked
from a front surface side of the box-shaped raisihg seedling
apparatuses 22 by activation of air fans 25 installed in a back
surface of a raising seedling shelf 26 to be exhausted to a space
between the wall surface of the enclosed structure 20 and the
back surfaces of the box-shaped raising seedling apparatuses
22 via air rooms 24. The air exhausted to this space has been
heated by heat generated by artificial lighting apparatuses 28,
temperature and humidity thereof are readjusted by the indoor
unit 21 of the air conditioning apparatus, and the air is
repeatedly resupplied to an open front surface side of raising
seedlingspaces 23 of thebox-shapedraisingseedlingapparatuses
22.

Moreover, generally, the air whose temperature,
humidity, and carbon dioxide concentration have been adjusted
are supplied to leaves and stems at a proper wind velocity during
plantraising,bywhichtranspirationoftheleavesinthepdantsl
is promoted, and photosynthesis is also promoted.

Fig. 7 is a view showing a correlation between a
wind velocity and a transpiration rate described in Non-Patent
Literature 1. In an environment of an ambient temperature of
25 degrees, the transpiration rate one hour later in an area
10 cm x 10 cm of a central portion of a leave of a plant is shown,
when the wind velocity is changed in the vicinity of the leave

of the plant under three conditions of relative humidities of
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50%, 65% and 80%.

Referring to Fig. 7, a minimum wind velocity
effective to the trangpiration of the leave of the plant is 0.05
m/sec. Moreover, while an optimum wind velocity differs
depending on the humidity condition, the transpiration rate is
increased by raising the wind velocity in the vicinity of the

plant.

CITATION LIST
PATENT LITERATURE
Patent Literature 1: Japanese Unexamined Patent Publication
No. 2003-52253
NON PATENT LITERATURE

Non-Patent Literature 1: Studies on the Effect of Wind Speed

~upon the Photosynthesis (2), The Relation between Wind Speed

and Photosynthesis by Kazutoshi YABUKI and Hideo MIYAGAWA,

Agricultural Meteorology Vol. 26, No.3, p.139, Dec. 1970)

SUMMARY OF INVENTION
TECHNICAL PROBLEM

In the conventional ailr conditioning method, as
shown in Fig. 6, gsince the structure ié such that the air is
sucked from the open front surface side of the raising seedling
spaces 23 of the box-shaped raising seedling apparatuses 22 and

is exhausted by the air fans 25 installed in the back surface
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of the raising seedling shelf 26, an air current is constantly
unidirectional. Moreover, as the plants planted in the cell
trays 27 are growing, the plants become obstructions of the air
current. With the individual plant or in view of the whole
raising seedling space 23, a wind velocity difference occurs
between a windward side and a leeward side, thereby causing a
surface against which the wind effective to the transpiration
sufficiently blows and a surface against which the relevant wind
does not sufficiently blow. Thus, there is a problem that an
adverse effect suchasvariationintranspirationrate iscaused.

Accordingly, an object of the present invention ig
to solve the above-described problem, and to provide an
conditioning apparatus in plant cultivation that performs air
conditioning control and carbon dioxide concentration
management only over a space necessary for the plant cultivation
to thereby reduce an ailr conditioning load, and that further
uniformly supplies wind and carbon dioxi‘de to a whole plant to
thereby suppress variation in transpiration.
SOLUTION TO PROBLEM

In order to solve the above-described problem, the
present invention is constituted as follows.

According to an aspect of the present invention,
there is anair conditioning apparatus inplant cultivation that
supplies air whose temperature, humidity, and carbon dioxide

concentration are adjusted only to a vicinity of a plant, the
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alr conditioning apparatus comprising:

a carbon dioxide generating unit that generates
carbon dioxide whose concentration is adjusted;

anair supplyunit that supplies ambient gas or outer
alr whose temperature and humidity are adjusted;

a mixing unit coupled to the carbon dioxide
generating unit through a first duct, coupled to the air supply
unit through a second duct, and configured to mix the carbon
dioxide generated from the carbon dioxide generating unit and
the ambient gas or the outer air supplied from the air supply
unit, to form a mixed ambient gas; and

connection pipes coupled to the mixing unit, and
having a plurality of outlets that supply the mixed ambient gas
to the vicinity of the plant, wherein

at least the three or more outlets are included for
one hole for plant planting of a plant cultivation apparatus,
and the outlets are installed so that angles formed by centers
of theadjacent outletsandacenterof thehole forplant planting
are equiangular or less than substantially 180 degrees.
ADVANTAGEQOUS EFFECTS OF INVENTION

According to the air conditioning apparatus that
performs an air conditioning control only over the vicinity of
the plant, and supplies carbon dioxide only to the same in the
above-described aspect of the present invention, an air

conditioning load and an input of carbon dioxide can be largely
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reduced, and uniformizing a transpiration rate can suppress

variation in growth.

BRIEF DESCRIPTION OF DRAWINGS

These and other aspects and features of the present
inventionwill become clear from the following description taken
in conjunction with the preferred embodiments thereocf with
reference to the accompanying drawings, in which:

Fig. 1 is anexplanatoryviewof anair conditioning
apparatus carrying‘out an alr conditioning method of a first
embodiment of the present invention;

Fig. 2 is a top view of a basic analysis model in
theairconditioningmethodof the first embodiment of thepresent
invention;

Fig. 3 is a partial cross-sectional view along A-A
in Fig. 2 of the basic analysis model in the air conditioning
method of the first embodiment of the present invention;

Fig. 4 is a configuration view when an exhaust unit’
is additionally installed above a plant ina first modification
of the first embodiment of the present invention;

Fig.5isaconfigurationviewwhenauxiliaryoutlets
are installed in the first modification of the first embodiment
of the present invention:

Fig. 6 1is a view showing a conventional air

conditioning method described in Patent Literature 1; and
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Fig. 7 is a view showing a relation between a wind
velocity and a transpiration rate described in Non-Patent

Literature 1.

DESCRIPTION OF EMBODIMENTS

(First Embodiment)

Hereinafter, anair conditioningapparatus inplant
cultivation according to a first embodiment of the present
invention will be described with reference to the drawings.

Fig. lis anexplanatoryviewof theair conditioning
apparatus when the air conditioning apparatus in the plant
cultivation is applied to a hydroponic apparatus, the air
conditioning apparatus carrying out an air conditioning method
in the plant cultivation in the first embodiment of the present
invention. In Fig. 1, others than configurations regarding the
air conditioning apparatus carrying out the air conditioning
method of the first embodiment of the present invention, such
as those of a cultivation bed, a raising seedling shelf, and
the like, are omitted. A cultivation panel 7 constituting a
part of a plant cultivation apparatus such as the cultivation
bed, the raising seedling shelf, and the like is provided with
acircularhole forplant planting 8 inacenter thereof toarrange
a plant in the circular hole for plant planting 8.

The air conditioning apparatus carrying out the air

conditioning method in the foregoing aspect of the present
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invention is constituted by a blower 30, connection pipes 5,
and outlets 6. The blower 30 includes an air supply unit 1,
a carbon dioxide generating unit 2, and a mixing unit 3. The
alr supply unit 1 and the carbon dioxide generating unit 2 are
coupled to the mixing unit 3 through first and second ducts 4a,
4b, respectively.

The air supply unit 1 has a function of adjusting
temperature and humidity, and supplies, to the mixing unit 3
through the first duct 4a, the air (ambient gas or outer air)
whose temperature and humidity have been adjusted.

The carbon dioxide generating unit 2 generates
carbon dioxide and adjusts concentration of the carbon dioxide
to supply the carbon dioxide, which has been generated and whose
concentration has been adjusted, to the mixing unit 3 through
the second duct 4b.

In the mixing unit 3, the carbon dioxide generated
from the carbon dioxide generating unit 2 and the air whose
temperature and humidity have been adjusted by the air supply
unit 1 are mixed.

The outlets 6 of theairare installedinthevicinity
of the plant of the cultivation panel 7.

As to the connection pipes 5, one end thereof
communicates with the plurality of outlets 6, and the other end
thereof is coupled to the mixing unit 3 of the blower 30. Thus,

mixed ambient gas, which has been mixed in the mixing unit 3,
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in other words, the air is guided to the outlets 6 installed
in the cultivation panel 7 through the connection pipes 5, and
is supplied to the plant through the outlets 6 upward from below.
For example, in Fig. 1, in a circular pipe portion 5a installed
in the cultivation panel 7, the three outlets 6 are arranged
at regular intervals around the plant in the cultivation panel
7. Anopeningheightofeachoftheoutlets6maybe,foréxample,
a height up to a first divided portion DV; of a plant model 9
described later.

Alternatively, with the connection pipes 5, the
regspective outlets 6 and the mixing unit 3 of the blower 30 may
be coupled one by one.

In the case where the air conditioning method of
the first embodiment of the present invention is applied to soil
cultivationor other cultivationmethods, the cultivation panel
7 or the circular hole for plant planting 8 provided at the center
of the cultivation panel 7 so as to penetrate the cultivation
panel7maybereplacedinaccordancewiththeappliedcultivation
method as needed. For example, in the soil cultivation, the
cultivation panel 7 is unnecessary, and the hole for plant
planting 8maybereplacedbyapositionwheretheplantisplanted.

Figs. 2 and 3 are views each showing a basic analysis
model for finding an optimum installation condition of the air
conditioning apparatus carrying out the air conditioning method

in the first embodiment of the present invention. Fig. 2 is
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a top view of the basic analysis model. Fig. 3 is a partial
cross-sectional view along A-A in Fig. 2 of the basic analysis
model. In the basic analysis model, the blower 30 and the
connection pipes 5 are omitted.

Referring to Fig. 2, the plant is modeled on the
assumption that the plant has a spherical form having a diameter
D; = 100 mm. This plant model 9 is planted in the circular hole
for plant planting 8 provided in the center of the cultivation
panel 7, and is arranged so that a center of a sphere of the
plant model 9 and a center of the circular hole for plant planting
8 are identical.

The four outlets 6 are installed at intervals of
a substantially equal angle on a circumference of a diameter
D; = 150 mm of a pipe central circle of the pipe portion 5a,
which is a concentric circle with the circular hole for plant
planting 8 processed in the cultivation panel 7, and a wind
velocity of the air supplied through the outlets 6 is set to
0.5 m/sec immediately after the outlets 6.

A direction of the air supplied to the plant model

9 through each of the outlets 6 is decided by combination of

a horizontal angle 6; and a vertical angle 6,.

Here, as to the horizontal angle 6;, an angle when
the outlet 6 is<iirected,toward.the center of the hole for plant
planting‘B is 0 degrees with a line connecting the center of

the hole for plant planting 8 and the center of the outlet 6

10



10

15

20

25

used as a reference, and a clockwise direction at the time of
rotation around the outlet 6 is defined as positive. Moreover,
as for thevertical angle0;, anangle when theoutlet 6 isdirected
toward the hole for plant planting 8 in a horizontal direction
is Odegreeswithatopsurface of theoutlet 6 usedas areference,
and a vertical upward angle is defined as positive.

Moreover, in order to find an optimum installation
conditionnecessaryfortjuaairconditioningapparatuscarrjing
out the ailr conditioning method of the first embodiment of the
present invention, analysis is respectively conducted, with the
basic analysis model as a reference, utilizing general-purpose
thermofluid analysis software gSTREAM” (product name,
Registered Trademark) manufactured by Software Cradle Co., Ltd.
for the horizontal angle 0., the vertical angle 6,, arrangement
of the outlets 6, and the number of the outlets 6 by changing
the conditions as follows.

(1) Conditions obtained Dby combining five
conditions that the horizontal angle 0; is set to 0 degrees,
15 degrees, 25 degrees, 35 degrees, and 45 degrees, and six
conditions that the vertical angle 6, is set to 15 degrees, 30
degrees, 45 degrees, 60 degrees, 75 degrees, and 80 degrees.

(2) Six conditions that the three, four, six, eight,
twelve, and sixteen outlets 6 are installed at intervals of an
equal angle on the concentric circle with the center of the

circular hole for plant planting 8.

11
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(3) Five conditions that the pipe central circle
of the pipe portion 5a where the outlets 6 are arranged is a
concentric circle with the hole for plant planting 8, and the
diameter D, of the relevant pipe central circle is set to 50
mm, 100 mm, 150 mm, 200 mm, and 250 mm.

As a determination reference of the presence or
absence of an effect in the first embodiment of the present
invention, as shown in Fig. 3, the spherical plant model 9 is
virtually divided into six substantially evenly in a horizontal
direction, andtheportionsaredefinedasa firstdividedportion
DV; to a sixth divided portion DVs from the bottom, respectively.
An average wind velocity on a surface in each of the divided
portions DV; to DV of the divided plant model ¢ is evaluated.
Here, attention is paid to the divided portion DV; on a third
step from the bottom and the fourth divided portion DV on a
fourth step from the bottom. Fromthe drawingof the correlation
between the wind velocity and the transpiration rate described
in Non-Patent Literature 1 of Fig. 7, a condition is found in
which the average wind velocities on the respective surfaces
of the third divided portion DV; and the fourth divided portion
DV, become the wind velocity of 0.05 m/sec, which has a minimum
effect on the‘transpiration of the plant, or higher. A case
where both of the average wind velocities on the surfaces of
the third divided portion DV, and the fourth divided portion

DV, exceed 0.05 m/sec is defined as “O”, a case where any one

12
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of theaveragewindvelocitiesonthe surfacesof thethirddivided
portion DV; and the fourth divided portion DV, exceeds 0.05 m/sec
ig defined as “A"“, and a case where both of the average wind
velocities on the surfaces of the third divided portion DV; and
the fourthdividedportionDV,are lower than0.05m/sec isdefined

AN

as “x“, and results thereof will be described.

[Table 1]
Vertical angle
0,
15 30 45 60 75 80
degrees |degrees |degrees |degrees |degrees |degrees
0
X @) O O O VAN
degrees
12 A O o O O A
degrees
Horizontal o5
angle A O O O O A
degrees
8,
- A A ® O O «
degrees
45 X X O O AN X
degrees

Table 1 1s a table in which analysis results are
compiled, basedonthedeterminationreference inthecombination

of the horizontal angle 6; and the vertical angle 0,

Referring to table 1, as to angular ranges of the
horizontal angle 6;and the vertical angle 6,, when the horizontal
angle 8; is 0 degrees or more and 25 degrees or less, the vertical

angle 6, becomes 30 degrees or more and 75 degrees or less.

13
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Moreover, when the horizontal angle 0; is above 25 degrees and
35 degrees or less, the vertical angle 6, becomes 45 degrees
or more and 75 degrees or less. When the horizontal angle 0,
is above 35 degrees and 45 degrees or less, the vertical angle
0, becomes 45 degrees or more and 60 degrees or less. The
above—describedsettingcﬂftheangularrangesof1ju3horizontal
angle 0; and the vertical angle 0, can assure the wind velocity
0.05 m/sec, which has the minimum effect on the transpiration
of the plant, or higher.

Furthermore, since in view of achievement of a
desired effect described later, blowing directions of the air
supplied from all the outlets 6 need to be unidirectional, it
is desirable that a code of the horizontal angle 6; is identical
in the respective outlets 6, and the horizontal angles 0; and
the vertical angles 0, are identical in the desirable angular
ranges in the respective installed outlets 6. This is because
if the codes of the horizontal angles of the adjacent outlets
6aredifferent fromeachother, theairsupplied fromtheadjacent
outlets collides, thereby disabling the air to be uniformly
supplied to the plant.

The horizontal angle 8; and the vertical angle 6,
may be arbitrary angles within the angular ranges in each of
the outlets 6, and the horizontal angle 6; may be an angle in
a negative direction.

[Table 2]

14
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Diameter D, (unit: mm)

50 100 150 200 250

AN O O O O

Evaluation
regult

Table 2 is a table in which the analysis results
arecompiled, basedonthedeterminationreferencewithreference
to the diameter D, of the concentric circle.

Referringtotable2, it isdesirablethat theoutlets
6 are installed in a range where the diameter D, of the concentric
circle is 100 mm or more and 250 or less, and if a ratio between
the range of the diameter D, of the concentric circle and the
diameter D1 of the plant is expressed as D,/D;, a range of D,/D;

becomes 1.0 or more and 2.5 or less.

[Table 3]
Evaluation
result
2 x
3 O
. 4 O
il GO
8 O
12 O
16 O

Moreover, table 3 is a table in which the number
of theoutlets 6 iscompiledbasedonthedeterminationreference.
Referring to table 3, as to the number of the outlets

6, in the results of all the cases, the wind velocity becomes

15
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0.05 m/sec, which has the minimum effect on the transpiration,
or higher, and influence by increasing the number of the outlets
6 is small.

However, when the number of the outlets 6 is two
or lesgs, the air cannot be uniformly supplied.

From the foregoing, it is desirable that all the
outlets 6 are installed on the one concentric circle centering
on the circular hole for plant planting 8, and the ratio D,/D;
between the diameter D, of the concentric circle and the diameter
D; of the plant is in the range of 1.0 or more and 2.5 or less,
and the angle formed by the centers of the adjacent two outlets
6 and the center of the hole for plant planting 8 is less than
substantially 180 degrees, andequiangularity ismoredesirable.

Moreover, with the diameter D, of the installed
outlets 6, the respectiveoutlets 6 maybe arrangedonaplurality
of concentric circles within the above-described range of D,/D;.

According to the air conditioning apparatus that
performs the air conditioning control only over the vicinity
of the plant and supplies carbon dioxide only to the same in
the first embodiment of the present invention, the plant
cultivation apparatus 7 includes at least the three or more
outlets 6 for one hole for plant planting 8, and the outlets
6 are installed so that the angle formed by the centers of the
adjacent outlets 6 and the center of the hole for plant planting

8 is equiangular or less than substantially 180 degrees. This

16



10

15

20

25

configuration can largely reduce an air conditioning load and
an input of thée carbon dioxide, anduniformizing a transpiration
rate can suppress variation in growth.

Moreover, inthe first embodiment, if thehorizontal
angle is 6; and the vertical angle is 0, in the angle of the
blowing of the mixed ambient gas supplied from the respective
outlets 6, theoutlets 6 are installed so that when the horizontal
angle 0, 1s 0 degrees or more and 25 degrees or less, the vertical
angle 6, becomes 30 degreesg or more and 75 degrees or less, when
the horizontal angle Glis‘above 25 degrees and 35 degrees or
less, the vertical angle 0, becomes 45 degrees or more and 75
degrees or less, and when the horizontal angle 0; is above 35
degrees and 45 degrees or less, the vertical angle 6, becomes
45 degrees or more and 60 degrees or legss. In addition, the
plurality of outlets 6 are arranged on the concentric circle
with the circular shape of the hole for plant planting 8, and
are installed so that the diameter D, of the concentric circle
is 1.0 time or more and 2.5 timesg or less as large as the diameter
D, of the plant. This configuration can produce an effect of
increasing the transpiration rate and promoting the growth of
the plant.

Next, Fig. 4 is a view showing a method for supplying
the air more uniformly to the fourth to sixth divided portions
DV, to DVg on fourth to sixth steps from the bottom of the divided

portions in the plant model 9 in a first modification of the
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first embodiment of the present invention.

Fig. 4 shows an air conditioning apparatus carrying
out an air conditioning method characterized in that an exhaust
unit 31 is additionally installed at a position corresponding
to an inner side of the plant model 9 above the plant model 9.

The exhaust unit 31 includesg a circular exhaust port
10 arranged substantially concentrically with the center of the
circular hole for plant planting 8, and an exhaust fan 11
communicating with the exhaust port 10.

The air supplied from a lower side to an upper side
of the plant by the respective outlets 6 is sucked by the exhaust
fan 11 through the exhaust port 10. Thisallows the air currents
from the respective outlets 6 to converge on the exhaust port
10,whichenablesthemoréairtobesuppliedtothefifthdivided
portion DVs on the fifth step and the sixth divided portion DV
on the sixth step from the bottom of the plant model 9, so that
the air can be supplied to the whole plant more uniformly.

Next, Fig. 5 is a view showing a method of supplying
the more air to the first divided portion DV; on the first step
to the second divided portion DV; on the third step from the
bottom of the divided portions of the plant model 9 in a second
modification of the first embodiment of the present invention.

Fig. 5 shows an air conditioning apparatus carrying
out an air conditioning method characterized in that within a

range of a circle larger than a circumference of the circular

18
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hole of plant planting 8, a plurality of auxiliary outlets 12
are additionally installed so that the ratio D;/D; between the
diameter D; of the plant model 9 and the diameter D, of the
arrangement of the outlets 6 is less than 1.0.

The auxiliary outlets 12 are coupled to the blower

30 through the connection pipes 5 similarly to the outlets 6.

[Table 4]
Diameter of outlet
arrangement
50 mm
DV, X
DVs %
Divided DV, X
portion DV, O
DV, O]
DV, ©

Table 4 is a table in which in the analysis results,
as to the average wind velocities of the respective divided
portions DV, to DV when the diameter D; is 50 mm, 0.1 m/sec or
higher is “©” (double circle), 0.05 m/sec or higher and lower
than 0.1 m/sec is “o” (circle), and lower than 0.05 m/sec ig “x”

Referring to table 4, it is found that when D,/D;
is lessthanl.0, themore air canbe suppliedtothe first divided
portion DV; on the first step to the third divided portion DV,
on the third step from the bottom in the divided portions of

theplantmodel 9. Thus, thecombinationof theauxiliaryoutlets

12 and the outlets 6 enables the more air to be supplied to the
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first divided portion DV; on the first step to the first divided
portion DV; on the third step from the bottom with respect to
the plant model 9, thereby allowing the air to be supplied to
the whole plant more uniformly.

As to each of the auxiliary outlets 12, the diameter
D, of a concentric circle thereof is larger than that of the
hole for plant planting 8, and the auxiliary outlets 12 are
arranged within the range of less than 1.0 time as large as the
diameter D; of the plant, and are coupled to the mixing unit
3 through the connection pipes 5 to auxiliarily supply the mixed
ambient gas to the plant. As to arrangement positions of the
auxiliaryoutlets 12, at least thethreeormoreauxiliaryoutlets
12 may be arranged within the range. The auxiliary outlets 12
and the outlets 6 need not be arranged at the same phase in the
concentric circles. Anopening height of the auxiliary outlets
12 may be, for example, a height up to the first divided portion
DV, of the plant.

The exhaust unit 31 and the auxiliary outlets 12
may be additionally installed at the same time.

The above-described various embodiments or
modifications may be arbitrarily combined as needed, which can
exerts an effect that each of the combinations has.
INDUSTRIAL APPLICABILITY

According to the air conditioning apparatus in the

plant cultivation according to the above-described aspect of

20
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the present invention, an air conditioning load and an input
of the carbon dioxide can be largely reduced, and uniformizing
the transpiration rate can suppress the variation in growth.
Thus, the air conditioning apparatus in the plant cultivation
according to the above-described aspect of the present invention
can be applied to, for example, the hydroponic method, the soil
cultivation method, or other cultivation methods, and similar

effects can be obtained.

Although the present invention has been fully
described in connection with the embodiments thereof with
reference to the accompanying drawings, it is to be noted that
various changes and modifications are apparent to those gskilled
in the art. Such changes andmodifications are to be understood
as included within the scope of the present invention as defined

by the appended claims unless they depart therefrom.
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CLAIMS

1. An ailr conditioning apparatus in plant
cultivation that supplies air whose temperature, humidity, and
carbon dioxide concentration are adjusted only to a vicinity
of a plant, the air conditioning apparatus comprising:

a carbon dioxide generating unit that generates
carbon dioxide whose concentration is adjusted;

anair supplyunit that supplies ambient gas or outer
alr whose temperature and humidity are adjusted;

a mixing unit coupled to the carbon dioxide
generating unit through a first duct, coupled to the air supply
unit through a second duct, and configured to mix the carbon
dioxide generated from the carbon dioxide generating unit and
the ambient gas or the outer air supplied from the air supply
unit, to form a mixed ambient gas; and

connection pipes coupled to the mixing unit, and
having a plurality of outlets that supply the mixed ambient gas
to the vicinity of the plant, wherein

at least the three or more outlets are included for
one hole for plant planting of a plant cultivation apparatus,
and the outlets are installed so that angles formed by centers
of the adjacent outlets anda centerof thehole forplant planting

are equiangular or less than substantially 180 degrees.
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2. The air conditioning apparatus according to
claim 1, wherein

when.in.anglés of a blowing direction of the mixed
ampbient gas supplied through the outlets, a horizontal angle
is 01, and a vertical angle is 02, and

the outlets are each installed so that when the
horizontal angle 01 is 0 degrees or more and 25 degrees or less,
the vertical angle 62 becomes 30 degrees or more and 75 degrees
or less, when the horizontal angle 61 is above 25 degrees and
35 degrees or less, the vertical angle 02 becomes 45 degrees
or more and 75 degrees or less, and when the horizontal angle
01 is above 35 degrees and 45 degrees or less, the vertical angle

02 becomes 45 degreeg or more and 60 degrees or less.

3. The air conditioning apparatus according to
claim 1 or claim 2, wherein the plurality of outlets are arranged
on a concentric circle with a circular shape of the hole for
plant planting, and are arranged so that a diameter D2 of the
concentric circle is 1.0 time or more and 2.5 times or less as

large as a diameter D1 of the plant.

4. The air conditioning apparatus according to
claim 1 or claim 2, further comprising an exhaust unit that is
arranged above the plant cultivation apparatus and performs

exhaust.
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5. The air conditioning apparatus according to
claim 3, further comprising an exhaust unit that is arranged

above the plant cultivation apparatus and performs exhaust.

6. The air conditioning apparatus according to
claim 1 or claim 2, further comprising a plurality of auxiliary
outlets in which a diameter D2 of a concentric circle thereof
is larger than a diameter of the hole for plant planting, the
auxiliary outlets being arranged within a range of less than
1.0 time as large as a diameter D1 of the plant, and being coupled
to the mixing unit through the connection pipe to supply the

mixed ambient gas to the plant.

7. The air conditioning apparatus according to
claim 3, further comprising a plurality of auxiliary outlets
in which the diameter D2 of the concentric circlevthereof is
larger than a diameter of the hole for plant planting, the
auxiliary outlets being arranged within a range of less than
1.0 time as large as the diameter D1 of the plant, and being
coupled to the mixing unit through the connection pipe to supply

the mixed ambient gas to the plant.

8. The air conditioning apparatus according to

claim 4, further comprising a plurality of auxiliary outlets
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in which a diameter D2 of a concentric circle thereof is larger
than a diameter of the hole for plant planting, the auxiliary
outlets being arranged within a range of less than 1.0 time as
large as a diameter D1 of the plant, and being coupled to the
mixing unit through the connection pipe to supply the mixed

ambient gas to the plant.

9. The air conditioning apparatus according to
claim 5, further comprising a plurality of auxiliary outlets
in which the diameter D2 of the concentric circle thereof is
larger than a diameter of the hole for plant planting, the
auxiliary outlets being arranged within a range of less than
1.0 time as large as the diameter D1 of the plant, and being
coupled to the mixing unit through the connection pipe to supply

the mixed ambient gas to the plant.
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