Development of a temperature control system of root zone
using evaporative cooling and multi—line electric heating
methods in the hydroponic system
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SUMMARY

I. Title

Development of a temperature control system of root zone using evaporative cooling an

d multi—line electric heating methods in the hydroponic system

II. Objective and Necessity

Most researches on greenhouse cultivation have been focused on the
technologies about cooling and heating of aerial environment.

Researches that the temperature control of root zone ensures high quality
agricultural products, growth hastening and increase of vyield, have been
reported; however, these technology and system of precise temperature control
nave been rare and unsatisfactory yet.

Thus, it was necessary to develop an efficient and affordable cooling and
heating technology and apply the system to farming practice, controlling to
adequate growth environment by adjusting temperature of root zone.

The aim of this study was to develop the root zone (underground part)
environment control system by adopting systems cooling and heating of growing
media.

The detailed objectives of the study were as follows:

1. To investigate characteristics of temperature variation in the media

2. To develop a media cooling system using an evaporation cooling device

3. To develop a media heating system using a multi—line electric heating tube

. Contents and Scope

1. The thermo—characteristics of growing media

2. A temperature drop model of growing media during winter season

Characteristics of temperature drop were investigated for the various media



and beds during winter season. Based on these data, the temperature drop in the
practical greenhouse cultivation was modelled and predicted using a temperature

drop model of the media during low temperature season.

3. Development of a media cooling system

Feasible evaporative cooling devices for the media cooling system were as follows:
@D micro—porous film duct, @ felt mulching on media surface, @ water
permeable sheet in culture tank. An excellent and economic media cooling system
would be selected for the by comparing the characteristics of these evaporative
cooling devices.

4. Development of a media heating system

The properties of media heating device with multi—line electric tubes, XL pipes
sealed with 2—4 hot wires and water, were investigated. An adequate number of
wire and temperature control system for the hydroponic strawberry cultivation on

elevated bench would be found out.

5. Farm application and the economical analysis
As the completion of the system, tests for farm application and adaptation

were performed and its feasibility was proven by economic analysis.

IV. Study Results and Recommendations for Practical Utilization

1. Results
(1) A temperature drop model of growing media
The characteristics of temperature drop were significantly correlated with

the difference between air and medium temperatures for the both plant and V
types of beds. Using the relationship, a temperature drop model was
developed and predicted temperature drops during night.

(2) Development of a media cooling system

1) Comparing characteristics of the evaporative cooling devices

D evaporation using micro—porous film duct



(@ evaporation using felt mulching on media surface
(@ evaporation using water permeable sheet in culture tank
2) Development of the most efficient and economic media cooling system
The evaporative device with water permeable sheet in culture tank was

the most efficient and economic media cooling system.

(3) Development of a media heating system
1) Investigation of the characteristics of media heating devices by a unit
heating tube
A multi—line electric tube consisted of XL pipes concealed with 2~4
hot wires and water in it. The performance of a multi—line electric tube
of one meter in length was investigated and the proper number in the
multi—line electric tube was determined.
2) Development of media heating control system for elevated bench
hydroponic strawberry cultivation.
A multi—line electric tube with three hot wires was found to be the

most efficient for the media heating control system

(4) Farm application and economical analysis
By practical farm application, the cooling and heating systems were
proven to be cost—effective and feasible with which the media evaporative
cooling device using a water permeable sheet and the media heating device

using a multi—line electric tube.
2. Recommendations for practical utilization
(1) A farm policy and extension service should support these technologies to

propagate the effective and affordable systems developed in this research.

(2) Involved manufacturers in this research should be financially supported to

transfer the know—how and techniques.

(3) A patent on the technology obtained from this study has been filed.
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¥3-2 A F5Fol W& Ao HAFFEH Newton equation A (&F7]2%:1.5T)

Lo A & 3
a b a b a b
<4A -0.0858] 1.2332 |-0.0858]1.3391|-0.0850|1.3377
HeolE -0.0651| 1.1681 |-0.0628|1.3422|-0.0598|1.3894
HA 5 <A 80% +
Halo] B 20% -0.0637| 1.2614 |-0.0624|1.3979|-0.0598|1.4124
He}lolE 80% + B B B
HER~ 20% 0.0506| 1.2834 [-0.0493(1.4054|-0.0468|1.4244
&4A -0.0630| 1.2380 |-0.0685|1.3173|-0.0729|1.2841
HelolE -0.0566| 1.0695 |-0.0549|1.3125|-0.0522|1.3814
HA 4 80% +
HaloE 20% -0.0487| 1.3404 |-0.0487|1.4215|-0.0488|1.4211
detolE 80% + | i i
W ER A 20% 0.0447| 1.3991 [-0.0434(1.4143|-0.0487(1.3404
AYEE 3.2CT2 dAA FASES 45, SUEY W= 4714 ] djs}
of @ f5E, WA ol (FEE) WAL AeTAE FE WA o e

¥3-3 viA] FFo) W2 Zol¥ "ARFFE Newton equation A<(&7]25%:3.2C)

L e %z =l
a b a b a b
<A -0.0645| 1.3124 |-0.0624| 1.4086 |-0.0604| 1.4133
Hefol E -0.0512| 1.1803 |-0.0522| 1.3795 |-0.0497| 1.4311
S 5:}40]%50%2;% -0.0597| 1.2280 |-0.0610| 1.3208 |-0.0592| 1.3217
%j?;EngZ)%JF -0.0515| 1.1268 |-0.0572| 1.2660 |-0.0569| 1.2946
A -0.0528| 1.3593 |-0.0530| 1.4120 |-0.0538| 1.3847
ool E -0.0425| 1.3625 |-0.0425| 1.3625 |-0.0414| 1.4251
S 5;401%3(7025% -0.0474| 1.2444 |-0.0521| 1.3082 |-0.0544| 1.2758
%;};];ig(;?%+ -0.0416| 1.0640 |-0.0431| 1.2845 |-0.0418| 1.3506
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AYWSEE 5.0C2 dASA FA89S 45, SHEZ HZ= 471F] v =]el] s}
of H3d F5E, vjx] ZdoH(Fsh) AR ekarAds wH WA ez Jekd
A a, bE ko] 3E3—40 YERIT
¥3-4 WA F5Fo & Zo)d HAFFEH Newton equation (& 7]>%:5.0C)
A = 3}
- &
a b a b a b
<7 -0.0510| 1.2187 |-0.0525| 1.3119 |-0.0506]| 1.3170
HeolE -0.0389| 1.1540 |-0.0423| 1.3076 |-0.0411]| 1.3522
BT 37 80% + -0.0450| 1.2253 [-0.0446| 1.3290 |-0.0424| 1.3430
HelolE 20% : : : : : '
HoolE 80% + | ~ ~
S ER~ 20% 0.0373| 1.2385 0.0371| 1.3381 |-0.0355| 1.3578
3A -0.0395| 1.2600 [-0.0428| 1.3113 {-0.0441]| 1.2839
HejolE -0.0324| 1.1255 [-0.0359]| 1.2925 [-0.0357| 1.3485
B S 80% + -0.0332| 1.3012 |-0.0340| 1.3653 |-0.0338| 1.3655

SatolE 20% ) ) ) ) ) i

HelolE 80% + | ~ ~

HER~ 20% 0.0311| 1.2799 0.0315]| 1.3526 |-0.0308| 1.3629

AYSEE 6.7C2 dAHSA FA8ES 49, SWEZ W= 4714 wjx]o] s}
of H3 F5E, vjx] Qo (Fsh) AR etarAds wH WA ez Uekd
A9 a, bE F3Fe] :E3-59 YERIATE
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¥3-5 HiA] 7o w2 Zojd HARFHE Newton equation A5(F7]>%: 6.7C)
A = s}
- &
a b a b a b
<A —0.0429| 1.2616| -—0.0444| 1.3326| —0.0430| 1.3358
%ﬂ‘olE —0.0319] 1.1863| -—0.0364| 1.3247| -—0.0362| 1.3679
AT 9A 80% +
—0. . —0. . —0. 1.3232
AzkolE 209 0.0339| 1.2178 0.0359| 1.3096 0.0345 323
HelolE 80% +
—0. . —0. . —0.0301] 1.334
S ER 2 20% 0.0291| 1.2228 0.0309| 1.3140 0.030 3340
<A —0.0332] 1.2860| -—0.0366] 1.3301| -—0.0372| 1.3038
%ﬂ‘olE —0.0277] 1.1833| -—0.0314| 1.3216| -—0.0314| 1.3666
AR A 80% +
—=0.0262] 1.2882| -0.02 1.344 —0.0276| 1.3463
%ﬂO]E 20% 0.026 88 0.0275 3440
HelolE 80% +
—0.024 1.2731| —-0.02 1.334 —0.0254| 1.3453
l’jEEZ_\. 20% 0.0243 73 0.0257 3349
(4) V¥ H=9 =733 U134
AY2EE 1.5C2 A A FA8N S 45, VE H= HEolE 80% + FER
22 20% WAl diete] HA fF5E, x| Qo (e wH WA A4 a, bE
Tshd #3-63 7},
¥3-6 VEH| =9 wjx] 7o wE Zojd HWAFFHE Newton equation A+
(F7]% : 1.57)
Ak = S}
7 =
a b a b a b
HelolE 80%
H 5 + -0.0399| 1.3457 |-0.0386| 1.4360 |-0.0383| 1.4656
JER A 20%
HelolE 80%
A + -0.0300| 1.4079 |-0.0284| 1.4468 |-0.0282| 1.4527
JERE> 20%

_53_




T3hH 33 7J+ .

¥3-7 VI =2 wjA] F5Fo wE ZlojH HAFFH Newton equation <F

B AF = 3}
- a b a b a b
o | BEFOIE 80%
=° + -0.0425| 1.2377 |-0.0407| 1.3142 | -0.0407 | 1.3353
Tl ERA 20%
usy | BFeIE 80%
. + -0.0343| 1.3070 |-0.0307| 1.3322 | -0.0295| 1.3245
T g ERX 20%

AN SRS 5.0CE QA FANAS FS, VE W= Betol = 80% + FE
22 20% WA hekel WY HREE, WA ZolHCFEFS) E PN 34 a, b

gropH W #3-87 At}

¥3-8 V| =2o] vjx] FFel| wrE ol HARFH Newton equation A5

o AF = 3}
- a b a b a b

us | BeelE 80%

o + -0.0278 | 1.2173 | -0.0281| 1.2947 | -0.0285| 1.3260
Tl ER~A 20%

o | Bkl E 80%

° + -0.0231] 1.2727 |-0.0198| 1.2889 | -0.0186| 1.2865
T IgERA 20%

AYERE 6702 DA FAHAS 4, VE W= 3
w2 209 iAo iskel WA R, A Lol A(FFH)

grolHw #3-99F At}

i
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P & < B
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(5) =43 AA
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