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This paper studies the growth of plants resulting from the use of magnetic-
treated water. The emitter is designed by using a PVC pipe with inductance coils for
inducting a magnetic wave, divided into 5 types are one winding induction coil, two
winding induction coils in the same direction, two winding induction coils in alternate
directions, four winding induction coils in the same direction, and four winding
induction coils in alternate directions. The simulation results are simulated by using
CST Microwave Studio for analyze the magnetic field distribution that has an effect on
the water. In addition, the five prototypes of inductance coils on pipe are constructed
to be tested by watering real plants. When 40 liters of water flowed through the
proposed pipe that surrounded by a magnetic field for 10, 30, and 60 minutes. It was
found that the magnetic field generated by the four winding induction coils in alternate
directions results in a transformation of water suitable for plant growth with 35.58 %,
compared to the growth of plants grown by watering the elder does not pass through
the magnetic field.
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=
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E,=M, =M (2.6)
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Ltatal = Ll + LZ - 2M (210)
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V=V +(v,-V.) (2.11)

wATYILAYDIAUASANE T

VL — VC

tand=
R

0= tan“(M) (2.12)
R

a1 ¥, =V, wssdulninsinluiasasvindu 7, (Heswwla 7. w19 7, ag

180° vinlvipvisaesinanariudueug)

azle
1
2rf, L=
2rf.C
Sty
1
_ (2.13)
/ 27N LC

AIANE £ UAD “Aranudisleuuud (Resonant)” deaziinlinszualniiluieas

Wisegluannuslowuud danszualnitluiasifunign
NAUNTN 2.13 Wewan V=1, V, =IX,, V. = IX,.

azle

v =J(RY +(1x, - Ix,)’

V=IJR +(X, - X.)
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14
7:\/R2+(XL—XC)2

fauazlaauns

Z=R+(X,-X.) (2.10)

‘NI v al 1 @« a 5 )
NENNITN 2.14 AUFIUNIUN18TUINATIZITENTY “Buliaud (Impedance)
Weuknudanwal Z laedinnudunuseel

z=L
1

LLagl(!llLWﬁﬂJ@\‘iﬂ’NNﬁWUWWUi’JQJ

X, -X
tang = —-—<
R
6 =tan"' (%J (2.15)

n1ssiotslaiuudluleasiuuruy RLC wsesuliiinnaseudaduniy (R) 67

willeath (L) wagdunulsey (C) asfiawiniu deliudsiiansanamenssualnivingu

azle

2
I :\/IRZ +(I.—1,)
LAZHUNAYDINTZUATIY

IC_IL

tan @ =
R
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6=tan"’ [ﬁ] (2.16)
IR

a1 1. = I, nszualiirsuluieaseindy 1, (fdesaina 7. a1931n 1, 8¢

180° yilvianvisaesinanaiulugud

g
]
2rf.L =
2r f,C
1
S = 272LC

AR £ B3N “Armufbslewuug(Resonant)” dadinavintinszualviily

yasiileagluaniizislanuud Anseualiiluiasiedesiian
NAUNT

I= \/1; +(I.~1,)

\iosan I, :K,Ic :L,zlL =L wag V=V =V =V
R XC XL R C L
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1 (1)2 (1 1}2
oy, L.t (2.17)
z \\r) "\ x. x,

tan@=tan ' =| —C——L (2.18)

NENNTHaTARsUIElanauINImEata N sadnnasuisuisuauantAre9ass
lguuudiinaunsuuazruulane a1 2.3

M5 2.3 nsilSeuiisuaaadivenaasslswuuduiineunsuuasuuny

GRIGHGG slawuugriinaunsy ishauuugyinuuny
PRI CIRNT s f= 1 f= 1
" 2aLC " 2ndLe
wsssulnifinnasen R gued f, AINN 7,
- = . 7 s
nyzualnihlvanu R anpgia Yo fann f,
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The Study of Water Reconditioning using Magnetic Field for
Plant Industry
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Introduction

MNowadays, the agrichemical is used are widely used in
cullivation. The chemical ferlilizers herbicides and
substances lo accelerale growth thesa produce chemical

magnelic waler on plant growth [20-2B]. From what was
prasenied above, it was Tound that the magnetic field
contributed to the growth rate of plants..

Im this research, the solenoid coil is studied and

residues in the produce and followed by health problems for
both farmers and consumers. Moreover, the agrichemical
has a high cost caused the non-loxic plants is grown. The
mon-toxic plants can be reduced agricullural chemicals and
contaminants from chemical residues and il is also easy 1o
grow and malntaln. Non-loxic planting uses bdo-composl
bic-fermented water themselves however, the cultivation of
man-loxic plants also confributes 1o increasing the incamea of
the produce. Besides, the planting without chamicals is also
a method of growing planis withoul s, known as
hydroponics this method [1] — [2] of planting plants is
planting without plant material, which is the cultivation of
plants in the planls nutrients. The roots are in direct contact
with mutrients, which can be divided into 3 different planting
maethods. Firstly, the nutrient film technigua (NFT) [3 - 6] is
a method of providing nufrient solutions. This technique s a
circulating fllow whera the plant roots are fully nuirient-rich.
Secondary, the dynamic rool fleating technigue (DRFT) [7 —
10] is a system of direct futrant delivery to plant roots and
have aeration to increase oxygen  Finally, deep flow
technique (DFT) [11 — 15] planting system alow nutrients 1o
flow through the roots continuously and rofate ika a plant
soaked in waler and a waler flows through the plant rools
regularky.

Al present, the magnetic fields are used o help grow
plants and the effects of magnetic fields on plant growth
have been studied such as magnetic waler system lo
increase the growth rate of hydroponics vegelables [16 —
18]. An effect of static electric and magnetic field treatment
on garmmination and growth rate of red rice [18], magnatic
field (MF) applications in plants: an overview, and impacl of

designed by using a PVC pipe with inductance coils to
genarate the magnetic fields in fo the water thal have an
effect on plant growing. Types of induction coil windings in
order to study which kind of winding coil has the best effect
on plant growwth.
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Fig-1. Sclenold coll.

Background theory

From the induction theory, the magnetic eld is cccumad
whan an electric current flow through a coil. The energy is
temporarily stared in form a magnetic fisld. The induclance
is the resull of the magnetic field surrounding the conductor
with current flowing through. The conducior wire generates
the magnetic flux whereby inductance i= determined by the
amount of magnetic flux according to equaticn (1)
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(1 Lo de
di

when L ks the inductance, "I’is magnetic flux, and i Is the
current. Inductance ks the winding of a conductor saveral
times, produced large amounts of flux and induclance.
There are factors such as the number of windings, the
cross-sectional area of the core used o wind the winding,
the malerial of the core and the length of the core,
according to the equation (2).

2
@) e

N is the number of windings, H i the permeability of the
material used to make the axis, A is the cross-sectional
area of the axs and | is tha length of the core as shown in
Fig 1. [29)

Tha magnelic fields can be changed the properies of
waltar by making waler increase its solvenl properlias,
reduce surface lension, and increase its solubility. And
there s an energy boosl to the waler becausa aof tha
hypdrogen bond arrangement. [30]

Thae syslems of waler conditioning by using magnelic
wave for applying in planting industry are divided into two
parls which are the induction coil design and the generator
systam.

Design system

Fig. 2 shows the generalor system, it Is divided inlo 3
parts il consists of power supply circuil, oscillalor cifeuit,
buffer circull, signal drive circuil and rescnant circull, The
power supply consisls of a swilching power supply circuil
and a step-down circuil. The step- down circuit is divided
imta two circuits, the circuit in the first part will supply power
to the oscillator circull and the step-down circuil in the
second parl ks used lo feed the signal driving eircuit
Arduino nano microcontroller board oscillator circuil |s used
as a signal genarator. The oscillalor circull generates a
PWM signal to control the signal driving circuil before
entering to the drive circult, the signal reverses the phase
through the buffer circuil. For the driver circuit, L298n
maodule is used for H-bridge circuil. When the signal passes
through the buffer circuit, there are two signals which are
phase rewersal and non-phase reversal. Signals controls
tha module to drive the signal to induction coll and the
resonant circuil parl. In this seclion, parallel L is used. The
circuit in this section will reduce the power loss to the
module. if there is no circuit in this section, the module will
generate heal and maximize power lo the Induction coil
The magnalic field generalor can be used no more than 10
walts of power.

Five types of the induction coil design are shown in Fig.
3. It uses a 1.5 mm wire3s 2 conductor and uses a 1.5dnch
pipe with a length of 1 m. A conduclor wire wound with a
pipa &5 a coi of inductance lorall 5 types, each of which
has the same langth of wire and similar mduclance by
winding. Each of a pipe as a coil has an inductance of about
110 pH as ilustrated in Fig. 3{a) will the first type by will
winding coil the conductor in the same direction. The length
of the induction coil winding is B0 cm. The second type, the
induction coil is divided into two colls as shown in Fig. 3{b),
both coils will be wound in the same direction, the length of
each coil winding is 40 cm. Fig. 3{c) shows the third types
of inductance coil, it is divided into two parts like the second
type but the direction of winding on each side is opposiles.
The length of the winding on each side i 40 cm. The
induction coll is divided into four parts with a winding length

of 20 cm and each coll is wound In the same direction as
shown in Fig. 3{d) is the fourth type. Fig. 3{e) is the fifth
types. The induction coil divides info four parts just like the
fourth type. But there will be different intertwined directions,
each coil will be inlertwined in alternating directions. and the
length of each coll winding is 20 cm.

Switching 5u|_:p|3 _Dnilaﬂnr Bufler

§lars— NI
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Fig.2. The generstor system.
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Fig-3. Various Winding ef induction coll.

Simulation results

Tha simulation results of the magnelic field with the
differanced coil winding patterns are performed by using the
CST Microwave Studio program. Considering o the
intensity of magnelic field on 5 types of induclance coil as
shown In Fig. 4. To analyze and compare the results of the
simulation, Fig. 4(a} shows the magnetic field intensity of
first type. The most intensity of magnetic field radiates al
the all area of the induction coil as 111.67 A'm. The
intensity of the magnetic field gradually increases lo the
peak of the graph and the end of the intensity graph
gradually decreases Lo zero. When the intensily increases
i the peak, the intensity remains constant through until the
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end point. Fig. 4{b) simulates the affect of two Induction
colls that winds in the same direction. The radiated
magnetic field strength is clearly divided Inta two parts with
the maximum Inlensity of 112.08 Alm. When reaching the
peak value, the magnaetic field intensity is constant until the
middle of the graph. In Fig. 4(c), two coils are wound with
the differenced direction. The intensity of the radiated
magnetic fiald is similar to the second type with maximum
intensity of 116.43 Alm, From fourth type of induction coil as
liustrated in Fig. 4(d), the intensity of magnetic fieid
strangth is divided Inlo four seres with the radiating
characteristics simidar to Fig. 4(b) by the of the magnetic
field intensity is radiated into four sets according to the
number of coils and when looking al the magnetic field
region the induction coll, it & shorter than the radialed
magnetic field strength of Fig. 4(b). The maximum intensity
of magnetic fisld is 116.85 A/m. The intensity magnetic fieid
strength of the filth type of the induction coil close to Fig.
4{e). The intensity is radiated into four seis when cbserved
in the middie region betwesn the coils, the intensity in this
region is less than Fig_ 4(d).
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Fig4. Simutation resufts of the magnetc fiedd. (cont )

The intensity of the five types of induction coils is
occufred mome in the pipe area where the induclion is
wound which are less intense with further when distance
from the coll induction. The fourth and fith types of
magnatic field intensity graph from the figure are found to
be similar to the second and third magnetic field intensity
graphs, it can be observed that when the intensity reaches
Its peak and il slays constant for a white. It is found that tha
distance of the constant intensity value has a shorer
distance of tha constant infensily graph than that of the
Intensity graph type second and third, and the graph follows
four cycles of ups and downs until the end for graph.

When the conductors are winded in opposile directions,
the inlensity in the middle between the inductance coils is
greatly reduced 1o near zero, but when the conductors are
wound in the same direclion, the intensity in the middie
batwean the inductance coils. The inductance Is also
reduced, but less than with opposile direction windings.
From the five types of magnetic lield inlensity curves, at the
highest magretic field intensity, It can be seen thal the
graphs of type 4 and 5 are higher than those of type 1, 2
and 4.

Experimantal results
The 40 liters af water is prepared in arder to bring it into
the pipe- ihal is wrapped with various induction coils. In
. moning glory seeds, nursery lrays, and potting
sofl are made ready for tial The experiment is wet the
morning glory seeds in normal waler for 12 hours and
preparing the soil in the nursery tray for planting moming
glory seads. The moming glory has been compared in the
growth with all six types of watering: normal water and
induced water with the five types of the induction coils.
induction coil of the 5 types as shown in Fig. 6(a). Fig. B{h)
depicts the induction system that a water circulation system
flows through a PYC pipe, banded by varles induction coils.
The flowing time of waler is considered for three periods
Iiml; as 10 min, 40 min and 60 min
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]

Fig 6. Test of magnetc field application to water pretreatmant
{a) 5 types of inducton coils (b) Water circutation sysiam fhrough
Induction coll.

The five types of waler under best by using induction coil
technique are used o waler the morning glory in wice time
per day at 9:00 a.m. and 4:00 p.m. When the plants began
fo grow, it s measured the height of morning glory. And
then, the measuring height results are collected in every 4
days. The resulls are collectad for a total of 7 days and the
experimantal dala are compared belwean normal water and
water treated with an induction coil to see how it effacts the
growlh of marning glory.

From the test it was found that when laking the height
data of the morning glary to plot the graph, divided by the
tima thal the water passes through the induction coll is 10
minules, 40 minules and 60 minules. Fig. B shows a graph
of water that passes through the five types of induction coil
for 10 minutes compared o nomal water. In the first day
experimant, it was fcund that the height of the moming glory
using normal water tended o ba higher than the water that
passed through all 5 types of induction coiks. The results of
day 2, the height of moming glory using normal waler also
tended lo be higher than thal throwgh nduction coids of
types 1, 2, 3 and 4, except type 5 which have a tendency to
be higher than a normal water. On day 4 collect resulls,
water through induction coils lypes 4 and 5 had a higher
helght of motning glory than normal water, bul water
through mduction cois types 1 and 2 also had a lower
height of marning glory normal water. On the 5th day of the
collect results, the water thal passed through the type 2 of
the induction coll had a higher height than the normal walsr,
but the waler that passed through the type 1 of the
induction cod still lended to ba lower than the normal waler.
On the 5th, Bih and Tih day of the collect results, the height
of the induction coll type 2, 3, 4 and 5, the height of the
morning glory still tended to be higher than normal waler
and the waler passing through the induction coil type 1
ramained has a lower haight than normal water.

Fig. 9 is a graph showing the relationship betwean water
under test at 40 minules and normal watar. When starting 1o
collect the results on day 1, it was found that the water thal
passed through the induction coil typa 2, 3, 4 and 5 have a
tendency to have a higher height of the moming glery than
the normal water, while the water that passed through the
induction coil type 1 have a tendency lo be lower than
normal waler. For resull collected on day 2 and 4, the water
treated with type 1 coil still have a tendency lo have a lower
heighl of morning glory than normal water, and water that
has passed through other coil types still tends 1o ba higher
than that of normal. Collection result of date 4 1o 7, a walet
thal passes through the 5 lypes of induclion coils tends lo
have a higher height of moming glory than normal water
Fram the graph, it can be seen thal the waler thal passes
throtigh the induction coil all of five types has a higher
tandency of than the control water

Fig. 10 plots a height of plant that is growing by waterad
under test for 40 minules compared to normal water. When
collecting resulls between day 1-2, It was found that
morning glory height of watered from induction cod type 1 is
more than normal water, while water passing through other
types of coil tendancy o be higher normal water. At the
start of collect results on the 4 days, tha waler through the
induction coll typa 1 have a tendency 1o a higher height of
maorming glory than normal water and on the 4-7 day o
collect resulls, the wahatll-nta_:ﬁ:ha!lypusd’hdmﬂiuﬂ
coils tends to be noticeably higher than normal water. When
obsarving from the graph, It was found that the water
passing through coils 4 and 5 had similar heights of
morning , bul the waler passing through coils 5 still
hava a fitle tendancy to be higher than the waler passing
through coits type 4

Table 1. Moming glory growing percentage compared with a
nonmal watar

Time Tvpe of ool

min) 1 2 3 4 5

10 1774 2135 2811 4268 447
an 1944 2277 4104 4422 4558
&0 004 2288 A0S0 4424 4467
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Fig.10. Plant hesght growing by nomnis watered and watersd
through the induction coll in 60 minutes.

When the water through the induction coil type 5 for each
period tha waler passed through the induclor coil was
compared with normal water it was found that the duration
of waler through the induction coil had an effect on the
haight of the moming glory as shawn in the graph in Fig. 11
It can ba seen that the waler thal passed through the coil
wilhi B0 min had the highest rale of increasing the height of

the moming glory compared to the normal water and waler
passing through the indudiion coil at 10 mimites and 40
minutes and water for 40 minutes to pass through the
induction coil will increase the height of morning glory
second after water passing through the induction coil 60
minutes and the duration of 10 minutes is the lowest height
rate so it can be concluded thal when the waler lakes
longer to pass through the induction coll, it will increase the
height of the moming glory. The height of the water that
passed through the magnetic fiald for each lime patiod was
avaraged from the 7-day results collection and calculated
as a percentage of the waler thal passed through the 5
types of induction coils as a resull, how many percent
increase in the height of moming giory compared 1o normal
waler as shown In Table 1. From Table 1, the average
haight of morming glory al each tme of waler through the
Induction coil from the 7-day resulls collection It was found
thal the water thal passed through the induction coil when
using the time that the water circulated through the coil will
increase the percantage of the height of the meming glory
and the 4 and five winding lypes have a similar and have
largar percantage compared io the others type.
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Fig-11. The waler passing through the mduction cod type 5 at
different times comparned to the control water.

Conclusion

Thie magnelic fields generaled by induction coil on
water condifioning has an effectfor growing of plant
Industry. It was found thal magnetic fislds resulted in belter
plant growth compared o wsing conventional methods.
When the water passing through the four induction coils in
allernating directions hawve 8 lendency to ncrease the
haight of marning glory the most compared to water that
passes thiough other coils and the amount of ime the water
passas through the induction coil will result in the tendancy
for the height of the moming glory to be higher than that of
the water thal lakes the lime to pass through the less
Induction coil. Therefore, it was concluded that when the
magnetic field was very inlensity and the period of time the
waler passed through the magnetic field; the height of the
morning glory would be higher than thal of normal water
ostensibly. Themefore, type 5 inductor winding have a higher
rate of marning glary than other types of induction windings.
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