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Development of Automatic Nutrient-Solution Mixing System
Using a Low-Cost and Precise Liquid Metering Device
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ABSTRACT

This study was conducted to develop an automatic nutrient-solution mixing system for small-scale growers. The

nutrient-solution mixing system consisted of a low-cost and precise metering device and data acquisition & control
system with a personal computer. and, the metering device was composed of three parts those were supply pumps,
metering cylinders and venturi tube. The system controlled electric conductivity(EC) and pH of nutrient-solution
based on the time-based feedback control method with the information about temperature, EC, and pH of the
nutrient-solution. The performance of the nutrient-solution mixing system was evaluated through the control of EC
and pH while compared with those of commercial system. Also an experimental cultivation of tomato was
conducted to verify and to improve the developed system.

1.

Results of this study were as follows.

The correlation coefficient of meteing device between the flow rate and operating time was 0.9999, and the

linear regression equation computed was y=21.759x, where y is the discharge(g) and x is the operating time(s).

. Calculated errors for the developed metering device and two commercial pump were +0.3%, +2.45% and
1 1.38 % FS error respectively.

. An automatic nutrient-solution mixing system based on a low-cost and precise metering device was developed.

. The full scale errors of the developed system in controlling EC and pH at 23+ 1°C were +0.05mS/cm and +0.2,
respectively

. When using the commercial system, the controlled values of EC and pH of the 500 ¢ of water were 1.29 mS/cm

and 6.1 pH for the setting points of 1.4 mS/cm and 6.0 pH respectively at 23+ 1TC.

. The developed nutrient-solution control system showed +0.05 mS/cm of deviation from the setting EC value

over the experimental cultivation period.

. The deviation from the average values of Ca and Mg mass content in the several nutrient-solution were 0.5%

and 1.8% respectively.
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Specifications Supply pump
Manufacturer KUMIL
Type Centrifugal pump
Max head 3.5m
Material Polypropylene
Max flow rate 19 ¢ /min
Power 110/220 V; 50/60 Hz

Fig. 2 View of the supply pumps.
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Fig. 3 Theory of operating metering cylinder.

Fig. 4 View of the metering cylinder develo-
ped.
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Fig. 5 Venturi tube.
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solution mixing system.
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Table 2 Specification of HANNA and Blue
White metering pump

Power Pmax Flowrate

HANNA 3 bar 15 ¢/h
220V, 50A

Blue White 30 ps.i 79 gh

—474—



AA AYAF FAE o] &#

g A 2AAFzA ALY 5Bt FES
ANAEE D Aol 13 Ex A% 2AAY A
o] %S BIEIES AU AVNAREY Ao
200uj B} FHuGAS AHEEHOH, AT A
ol H80,9 At §-A 3} KOHY &ite]§ A& At
£33t

3 u) e} U (NETAFIM, Israel)A}2
ZA A2 @ dA H5E
A28 v ng Aste 24 4
I FA3E Ve 43
Fdo] MAAgA FAHE Jeiz2
3 7 Ee 5004 1050 X =AS AHE
EEY ANAEE D A5gd T 3o +3 B
e gste uoz A8L st

il

Q

o e
o ¥ o) ox

o

=)

=

e

it

3. 2319 &

7h N HUAZER

A AA AUAZEA Y 7F AN ST
o #AE 29 139 et oy AL HE A
)l detfieh. TEAIRS WiEF A 2FAF
(R)E 09998 et on FFAIFE o] -§3fo] A
A BEAZEAL WEF Aost e dE qUst
Aot

1000
900
800
700
600
500
400
300
200
100

Discharge (g)

oFoll zZzA AA" S

Discharge = 21759 X Time «+++esvesevereeessesunn 3)
Discharge unit : g

Time unit : s

ALR 49 A FAABEAY AFD WE
F WA 29ZE 29 Mol dElch =8 Bt
(HANNA, Italy)A} 9} £ % 3}0] E(Blue White, USA)A}
o ABUZA Y AFD NEF VA 21ATS
29 15 2 29 16 22 vhehggick

S

4 —o-Device A

3 ~—a~Device B
—4~Device C

2 + —o~Device D

1

0

1

2

c
2 L
®
S 0 —t——t— -~
3 ) 2 4 6 8 10
X

-3

-4

Ll .

Replications

Fig. 14 Deviation in flow rate between the
metering devices developed.

——Pyump 1
—-Pyump 2

% deviation
- (=] - ~N [~ -~ o

Replications

Fig. 15 Deviation in flow rate for the com-
mercial metering pumps made by
HANNA Inst.

AEE AA FUATFAE 49 FL 600412

4] 10 20 30 40 50
Time (s)

Fig. 13 Relationship between time and dis-
charge

& TR F AT MEY Ei}é 1050 AH Z
7t 3023 FEate] A5APS $¥8 2% 1Y
140] X 8} o] A F 3 HAst 033%2 vebyte). v
Ho| A8 FFFL A9 119 159 HANNAALY

—475—



FFEArIATAA 229 A4E 1979 124

AEL 138%, 1Y 169 Blue WhiteA}9] HE L
245%% 74z} ERST).

37 ARE FHHE AL IA FLAFEA
g ol gdte Al AU zAT ey, A
A Tl Aol W 34 @enR F7)
HA W& 24 9 w30 e gotn dddn

5 )
af
| ——Pump 1
.
2+ &
c |
g '
8 ol ) e
2
& . 8 1 3 4 3 6
X -2 é
-3 ¢
—al
-5 L
Replications
Fig. 16 Deviation in flow rate for the

commercial metering pumps made
by Blue White Inc.

L MI1dEE

Mg g AEzA A AHY FAZA A
Brtetr) 93t ANATE AE +33A
Y 174 s FHAS AT 99 55
23+ 1T oA HF o2 £0.05 mSieme) A A
oj5gion, 0.8 mS/cmojA} 1.4 mS/em7tR] = # 3}
o 23 F7 FPAEL 152014

1 {o o
rie & o

1.5 ‘r

1.2

EC (mSfcm)
g

S
Y

0.3

|
ob—unr —
0 02 0.4 0.6 08 1

Time (hr)
Fig. 17 Performance of EC control for the
nutrient-solution mixing system deve-
loped.

dstel vEREALe AFA g 271

5 AYe sAson 19 18] Y5 IHL e

Wit o] Me Fo LR NE1T) D ARAE
54 3

14 mS/emz 3451-E o) 300x9] B 3 HFol
1.29 mS/em 2 v}EFATEH

2.5
- 2
E
Q1.5
€
~ 1
£y
Wos t

0 -~ - s -
0 50 100 150 200 250 300
time (sec)

Fig. 18 Performance of EC control for the
commercial nutrient-solution mixing
system.

Ch. & &=

A Gt AFzA ALBY AE A 53
st 2 199] 4E2AL JEhiITh g 4
£ 231TA £02 pHe| BF L M WA
ANHRO, 64 pHO)A 6.0 pHAAR ZAsH=ol
29 B ARPATL 1580 ek

6.9

66 [
[
6.3
oy
o
6.0
5.7
5.4 —
Q 03 0.6 0.8 1.2 1.5
Time thr)
Fig. 19 Performance of pH control for the

nutrient-solution mixing system deve-
loped.

-476~



AR ZUAF FAE o1¢¥ ¥4 FF2A ALY A

A8 WEtgALY AFo] & A AFE A
& 0§ 200 Jeh Ak Fie =7 23£1T
31 ARNE 60 pHZ S W 3000 A F3
Hgol 6.1 pHE et}

5.4 . s - o

o] 50 100 150 200 250 300

time (sec)
Fig. 20 Performance of pH control for the
commercial nutrient-solution mixing

system.

¥ 212 AdE FR AERA AL ol 8
o ANAEE 2 A5 B¢ AR dAE
Bl Ao, BgA o A AARY A%l
AdAol Ao BFgex HY ojdds FEHN
o, Wi zA Aol st A= sl &
F AL E AN QS AL ARHAT

7.4

7.2

set point :

g 0.8 EC=1.4mS/cm 6.8
7 pH=6.0pH ]c:x.
g 0.6 6.6
[&]
Wogs 6.4
0.2 6.2
0 6
0 0.5 1 1.5 2 2.5 3
Time (hr)
Fig. 21 Overall performance of EC and pH
control for multiple steps of
operation.

4 QAL HE

2 A7 94 3YAZFEAE o) & 4 AF
ZA N2 ALE) A 5o FHHYL
o 1 AgdE U3 2o

Lgd A4 FUAF FAY 7504 w2
F239 BAAFR)S 0999900 HH AL
Al L y=21.759x 2 JErsth

2. AA FUABEA S l2F Hipe £033%%
el od, o] £X& F 7HA FHY 4§ F¥E

O Wl B WA +£245%, £138%0] vlatel &

skt

3. 84 AYARFAAE 0|88 ¥ AF2A A
289 ANAEES A g 2AYF 48S
2aaiedrh. 23+ (ToA] AVIAEEE £0.05 mS/
em?) FF 3 WM Hojx e, 0.8 mS/em
GA 1.4 mS/em7}A) ZA e AR BF FFA
e 1580|3th A x Aol +02 pHY FF oAt
Bl AHR T, 6.4 pHAA 6.0 pH7AA XA
Sed 1Y B AFANTS 158 01AT

4.3 8 AF g AVAREY I= =AY
¥ A8e F£989 Awd AR v
g AE) WA ALE A2 AFE L H
8 ARE vepigod, 344 9 X 89
£9g n8ae $EE FAFRT

5. WL EMEE o8 AFAEE T8 ML
R ZFZA AlAHL £0.05 mSlem] Ab
Aol A AP Ao HeE Hilow, o] A2
Fajo) MY AFIART-

1. o] 3. 1988. +=AAM7E. EAER oA
4.

2. BRI 1991 WA 9 A9 A, EME
» A3

3. 81, G4 1991 $A AN Y o] &3 AA.

—477~



#AZE5A7NAEHA A22A A43 197d 124

nydEa 285

CHAR. 1994 ANELAAEE. FF A7) &R
HAH.

CHRARE 9] 1995, =R A (2Ol 25H A
7R, 24 ERAL

. 972.1995. % g Ao} A L FFF A
& xz2a39 st HEgddtn HAs .

. Okano, T., T. Hoshi and H. Terazoe. 1988.

—478 -

Development of hygroponic system and adaptation
of microcomputers for a commercial size vegetable

factory. Acta Horticulturae 232. 343-348.

8. Frank M. White. 1986. Fluid mechanics-2nd ed.

McGraw-Hill Book Company.

9. Robert L. Mott. 1994. Applied fluid mechanics-

4thed. Macmillan Publishing Company.

10. LG. 1997. Chemical Resistance Table. LG.



