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Soil Sterilization with the Direct-Heating
Type of Cabinet Pasteurizer

Kanetake NINOKATA & Mitsuru MiYAzZATO
(Laboratory of Agricultural Electricity)
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Table 1. Effect of magnitude of d and S on the other factors,
under constant power supply.
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FElectric energy | w mnW
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Table 2. Effect of magnitude of d and S on the other facters,
under constant voltage supply.

' fun\cllglr:llgntal : multiplied value

Distance between electrodes ‘ d md
Surface area of electrode i S nS
Volume of soil ‘ 4 mnV
Voltage (constant) \ E E
Electric resistance ‘ R (m/n) R
Current I (n/m) I
Power P (n/m) P
Electric energy w mnW
Time t m2t




72 - ) F o R-E L3} it

HL omn %, EER m e T B
B b o (i Lo, ORI X B A7 <, AR B RVERINC X DT CTT
% 5%, AR TEALITIRE D BEAAE  COBRERC O RE CHE, CRERHT S

LIRTER. HTiERle TS r-——ro+05100=0~_‘00{1+k‘1’(0—ﬁo>} Y AULTN, I
0 OB LTERERRD LS ICRbans

EQ0—00) _  E(0—00)
= ro(0—0o) +hki P, o) (16)
k1[1 F e (0=t}
e EX0—0,) _  EM0—00)
B ro(ﬁ (}0) +k1 Fo (17)
ky {1+kl(0—ao)}
BB dep e U & ZILAGEER p dt=dW=k.d0 ¥ &\ 500
W— ke j:ida:kz(ez—al) (18)
02 k2 - k2 62 i . (g — 0()
”=Lpﬁ“pr”FeaJW* 2 {ro (02—01) halog '~ (19
TR DR Y 0 & TIUE
_ ke =0
5 . r= %2 {ro (000 +alogy — ) (20)
s 7S
< 5y < %
® 5
5 ke gy 21
e (= g ro0—=0) @)
5
@ 1" 2 ﬂj’ﬁo
& = Pokilog, 22)
/ it Q) rEREDIS ~7é® ro 25D & X DR
0y gz, X Q2) BRI 5 - (ﬁo, ki —%) TH
b b L XOREDOEER é“t, Q0T HE KL
P . e k N .
0 wvow ot Time REEDR rot g 2785 & E DREOELRFT
Fig. 1. Typical temperature-time curve Ct=t 4t LI b.

given by Equation (20). ) B \ )
(18), (1D X » FHEH A RKTIUIRD L 5 Cin s
_w E?(0>—01)
ro(Ba—01) +ky logﬁ 0” (23)
Bl TR T CE R Lic & EEARO FeiE LD LR TH O, KICHEIRKRD L S

2 E*(6—0 ] .
B THEL T, BT o= = B o L Ok C L

r
Tk B DT, EROGKR LD p=ie® (o, k—7) r3<. LndE X
foeMt=1i1+iz (24)



TGRS 8T & 2 1R 73

ﬂm

CHERNT, IR 1=0 Dr ¥ 0=0 r3iug
. 1

Temperature

LI, XUEME 1=0 O L X 0=0, rFIUTKR
ARE Y (P

1+ Ri 1, Rio
R T St )

Q7) R&E AL Fig2 DL 510k 5. oD 0, 43 ﬁﬁ?
WIDDIIET 0= 0™ ca |22 DIINE(A % b L T .
B 0=Rindt |ZAEE C=0 TGN DI THIID
POBEG R AEL RT3 L SORE LA THE.  Trag
R@DT IR HAE L 0= N0 oy g3, R 7
SHIBR QD) AHSRIAEB L I C=0 D& e Y

Fig. 2. Typical temperature-time curve
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Fig. 6. Graphs of soil resistance vs. temperature.
No.of  Soil | SPBUSH  Initial Wet basis| No.of | Soil | APPHEd oo\l
.. lvoltage or temperature moisture ‘ . voltage or MPperature moisture
curves J’condmon[ power [°C] (9] 1curves condition power °C] (9%}
1 40 V] 15.6 151 || v 0 [W] 18.3 19.15
5 Electro- 60 [V] 14.8 15.1 J 2 Wet soil 60 (V] 214 18.8
3 Iytic 80 [V] 18.2 15.0 3y 80 [V] 25.5 19.15
D wetsoit| 10 IV1 170 150 || 4 100 (V] 244 192
5 50 [V] 15.3 15.4 [
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Fig. 7. Graphs of integrated watthours vs. temperature rise obtained
under the constant power supply.
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Initial temperature [°C] 345 l 29.6

Wet basis moisture [%] ‘ 18.47 19 15 17.8 170 “ 16.25 15.875 1574 14.28
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Fig. 8. Graphs of soil temperature vs. time obtained under the constant power supply.
Apphcd constant power ‘ 40 50 t 50 60 80
Soil condmon Wet soil Elcctrolytlc wet 5011
Initial temperature [°C] 25.0 29.6
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- e Wet =oil !

. !
0 2A) a0 0 80 100
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Fig. 9. Graphs of watthours per centigrade vs. temperature obtained under
the constant power supply.
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Fig. 10. Solid line, calculated by putting various constants in Equation
(12). Broken line, plotted by the experiment.
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2 ] I = 40 | 0, =225 | G =740 R:=3.8
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2 soil | 40 ¥ 225 16.25

3 Wet soil 40 } 183 | 19.15
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Fig. 11. Curves of power-time characteristic given by the experiment.

No. of curves

Soil condition

12345[1'2'3'

Electrolytic wet soil |

Applied constant voltage [V]
Initial temperature [°C]

40 50 60 70 80
156 153 148 17.0 182 214 255 244

60 80 100

Wet basis moisture [%] ‘ 151 154 151 150 15.0 18.8 19.15 19.2
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Fig. 12. Graphs of integrated watthours vs. temperature obtained

under the constant voltage supply.

Applied constant voltage (V]| 60 80 100 120 | 0 S0 60 70 80
Soil condition ‘ Wet soil i Electrolytic wet soil
Initial temperature [*C] | 270 \‘ 2.4
Wet basis moisture [%] ’ 18.8 19.15 192 — ‘ 151 154 151 150 150
{fx\.
100 ,@ .
80
SUs
’% Electrolytic wet soil
= 10
—————— Wot soil
20
I 1 I L i ! { I | 1 1 1 i |' 4
0 20 40 60 80
Tinni {min !
Fig. 13. Graphs of soil temperature vs. time obtained under
the constant voltage supply.
Appliod constant voltage (V]| 60 80 100 120 40 50 60 70 80
Soil condition ‘\ Wet soil ; Electrolytic wet soil
|
Initial temperature [°C] } 27.0

Wet basis moisture [%] ‘\

188 19.15 192 — ' 151 154 151 150 15.0

18.5
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Fig. 14. Graphs of watthours per centigrade vs. temperature obtained under
the constant voltage supply.
100
80—
;_““ B ——— Curves given by Equation (27)
: =====Curves given by .the experiment
10
20
{ 1 ! 1 1 1 1 I
0 20 10 ) 80
Time {min}
Fig. 15. Solid line, calculated by putting various constants in Equation
(27). Broken line, plotted by the experiment.
No. of Applied Initial Wet basis Heat Thermal ' Initial Constant
: . . constant | tempera- . capacity | resistance
curves Soil condition voltage ture moisture of soil | of cabinet ’ power k
V] [°C] (%] //°Cl re/wl | il [1/sec]
1 60 6,=14.8 | €1=710 Ko io=28 | k=0.96/1000
9=3,
2 80 01=25.5 C1=820 | | #0=23.5 | k=0.46/1000
v Electrolytic 60 14.8 15.1
wet soil ‘
2 Wet soil 80 25.5 19.15
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Résumé

(1) Owing to the characteristic of mass heating, the direct-heating system is the most
efficient method of all, with the exception of heating by the heatpump.

(2) Temperature will rise rapidly, regardless of the thermal resistance of soil and the
heat capacity of a cabinet, when a cabinet of the direct-heating-type is used.

(3) In order to increase the heat efficiency, it is necessary for us to limit the moisture
of the soil to which a small quantity of electrolyte is added. In this case the soil must be
dense. As a matter of course, the thermal conductivity of insulated material should be as smal]
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as possible.
(4) On condition that the temperature rises favorably, the minimum consumed watthours

proved to be obtained under the constant voltage, 70[ V] power supply, providing 6[cm] interval
of electrodes. Kilowatthours per unit volume of dense soil were 25.6 [kW'h/m?] or 0.73 [kW'h/
f##] when the temperature rose from 17 ['C] to 65[C]; they were 45.65 [kW"h/m®] or 1.3[kW h/
f£] when the temperature rose from 17[°C] to 98[°C].

(5) By this direct-heating method, soil will be able to be heated easily, safely, quickly,
and efficiently. For this reason the-small-box-type pasteurizer is the most suitable and economical
apparatus for one who deals with a comparatively small quantity of soil. And if we use a conti-
nuous feeding device, we will be able to treat a larger quantity of soil under constant voltage

and power supply.



