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UNANED
UﬂnmmﬁtﬁumﬁLﬂiwﬁwaﬂiswwmmLLsQé’uLLazmﬂi:LLﬁiWﬁwqqqmluﬂizﬁﬂuaqmilﬁﬂmeﬁzﬁﬁmﬂuiwwam
wdsulwihwdsnuuaierinduuuindauuiufusuafdinseasliiu 10 MW Tnefeenuuuvessruunanliiiilaes
ﬂﬂiﬁﬂf?}u’qqﬂﬂigﬁﬂaqﬁuﬂwﬁﬂ 1 wla uaz 3 wia Tudunuesng LLaszﬂaaqmaﬂﬁzﬁmilﬁﬂﬂﬂﬁﬂﬂﬂﬁ@iagﬂﬂﬁuﬂﬂww
VNIATT YU 10/350 ps ARAanszuaiiintly 3 sz A 5 kA 10 kA uas 20 kA Faduszauldiuafidnnssuatiei
yosUszwalve Tnan1sldlusunsu PSCAD vasd 4.6 ’Lumia%’mwmﬁamLLa:ﬁmesﬁmammﬂwgﬂﬂﬁuLquﬁuLLas
nszualwihaeanlunsdveanisiiniiviasanslnindsldfimungasu DC Winaunsleaad s Bunesines uazyn
i 2 #u AC Usvauanglwla B newdviioudas wazvhnsiiouiisunansenuvessyuundalnfingsnunasending
foukazvdInsAndagunsaitlestuiini famaninisuifisuassdunssiulnihgaaandsnisesnuuufnsgunsal
Yostuisudrdu Tunsaisiniansedru DC dausesuluinluszuu DC anaawindu 0.77 KV 0.55 KV uaz
0.12 kV muansu wseruluszuu AC dAnanaands 0.41 kv nsali1d m1anseniu AC Saruseaulninlusguu DC
fiAnmafiindu 0.96 kv wazuseruluszuy AC SAranaavinfu -2.40 KV -4.50 KV -8.66 kV aud1diu 91nn1508nkuy
waginszainaannsath Ul duuummenisesnssuumstlasiuiiriluss vunda i wdsnunaenfinduuuindauy
maitupule

Adfsy 1 szuurdaliimdsnunaseniing Jostudimn

Abstract

This article analyzes the impact of maximum voltage and maximum current in the event of a lightning incident
in the solar power generation system installed on the ground not more than 10 MW. With the installation
protection devices for 1 phase and 3 phase. The simulating the direct lightning at waveform, 10/350 us, which
the lightning current in 3 levels is 5 kA, 10 kA and 20 kA, which is not more than the lightning current value of
Thailand. By using the PSCAD version 4.6 program to create a model and analyze the results from the waveform
graph for maximum voltage and maximum current, which defines the DC side points of the solar cells to the

inverter and Point 2 on the DC and AC. The results of the comparison of the maximum voltage level after the

doi: 10.14456/rmutleng).2019.1 i 4 auvil 1 unsaw - Hquigy 2562
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design of the lightning protection device is installed. In the case of direct lightning, the DC side has a voltage
drop in the DC system equal to 0.77 kV 0.55 kV and 0.12 kV, respectively. The voltage in the AC system is
reduced to 0.41 kV in the case of direct lightning on the AC side with the voltage in the system. DC has a constant
value of 0.96 kV and the voltage in the AC system is reduced by -2.40 kV -4.50 kV -8.66 kV, respectively. The

design and analysis of results can be used as a guideline for the lightning protection system in solar power

generation located on the ground.

Keywords: lightning, system for solar power generation, lightning protection.
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2. NpuuazIsn1sAtiunsIve

unanuildidennisdaesnsdininfamgnisal
Wnrluszuundalddinasuuasenindvosunslaan
wadlunguuesdunediai 1 undledead via Thin
Film fonsinisuanainasaulwiivuin 125 W 91uau
AARILHIT AL 8,064 WHT NSIALIBIVOIUNITILIU 16
Module/ String 99 51A189N15HAH 2,000 W/String
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Section ¥4 PV Model 9¢Usgnausigund PV 411y
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2.1 wenlwarsioaa (PV Array)
wnagasuaseindilusinezuasiladanounse
#iaTlduuna (Thin Film Solar Cel) Fafinsdni3aves
wwalwawad [5] Inenudnvusnidlnilivedunales
LWAALANITNAADUYBINAVDIAI1YVDINTEULEANRT (Short-
circuit current) A1L53AULUA995 (Open-Circuit Voltage)
AUIILNINENNTST (1) ey dunsii (2)

Isc = 0.24 kKA (1)
Voc = 0.9952 kV 2)
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2.2 81951995 (Inverter)
Sunesinesildlulasnisildlunsdfnuniu
duneinesuuuTIugud (Central Inverter) Han s
299 ABB i:‘u PVS800-57-1,000KW-C vu1@ 3 1 400 V
Fududunedimeifiananimagoudulunudafinun
miL%auGia'ﬁs‘U‘UTﬂwu'WEJIWﬁwaamﬂw%]dquqﬁmﬂ
NNE51UUUTNADIBUIDIINBSITN 3 1Wd LUU9ATUIA
Usenaume 6 IGBT [6],[7] ﬁmamawﬂugﬂﬁ 2

JUN 2 m3deudedunesinosuuugudsi

Y

2.3 fugniliel) (Lightning Arresters)
unanuiilfeenuuugunsalfuinihidestiulugy
Tiinszuanss way sunszuaaduiiitadestunseua
61 YR 40 KA [8] F9n1500nuUU299TgUNTal
fusindh Fauandugud 3
RL

L C

Re %(ﬂ

s

U 3 2aasvesgunsaiilaaiudiei (Surge Arrester) [9]

2.4 el (Lightning)

nsalf1HIM19959 (Direct Lightning Stroke) Tald

aun1smanszuai i TuianduveiaInuuInggIu
¥4 [EC62305-1 [10] fsaun1si (3)

1w
I(t)=—X—Xexp(—t/T2)
k 1+(t/T) (3)

Tnefigundunszuainsnvug 0.25/100 ps Ldenld

A1 k=0.993 T1=0.45 ps kag T2= 143 ps unuly
aun1sn (@)

| o 45 us)'°
0923_ 1:—0({/04(1!4)'_

Taofigundunseuaineiniuunn 10/350 ps @onldan

1(t)= x exp(— t/143ys)

k=0.93, T1=19 ps T2= 485 ps wnuluaunsi (5)

. (t/0.93us)"°

xexp(—t/485us) (5)
0993 11(t/0.9315) X #5)

I(t) =

nsaW N INI989u (Indirect Lightning Stroke)
Wonldguuuu Wave form vaanseuaiirintuileidures
a1 [11] Asaunsi (6)

I(t) = Ae " sin ot (6)

Tnefisundunszuaiininvuin 8/20 ps 1donlden
A = 21501, OL = 6.05x10" ps uay @ = 16.75 kHz unu
Tuaumsdl (7)

I(t) = 2.1501e 62510t gin 16 75t @

2.5 APV INYDITIEFITIA M)

ndoyavesunasnanliimdsnuuaioringd
vin13@nwn wudtanelildideudesznineg
Combinerbox &4 Inverter fidnwauziduansdtmeuas
\Aufesvieflsiuiigunail 25 °C vilnvesany 0.6/1 kv
XLPE (Cross - linked polyethylene) v u1a 1C X
2 X 95 sqmm tuRuguina1sveId g 11.4 mm.
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Abstract

The purpose of this research is to develop the adobe bricks mixed with the agricultural materials which are the
banana leaves fiber and the coir. The proportion of the soil and sand was controlled at 85:15 and the water
proportion was 20% by dry weight of the soil-sand mixture. This research used the agricultural materials to
replace the soil-sand mixture at the ratio of 0, 3, 5, 8 and 10% by dry weight. The samples were dried in the
sun for 20 days and then they were tested for their compressive strength, flexural strength, density, and drying
shrinkage. These properties were compared to that of the adobe bricks containing rice husk made by the
Sufficiency Economy Learning Center, Khao Kling Temporary Prison. According to the test results, the
appropriated proportion of the agricultural mixture is banana leaves fiber of 3%. The density of the adobe brick
is close to that made by the Sufficiency Economy Learning Center, Khao Kling Temporary Prison. The
compressive strength and the flexural strength increase by 8.02% and 50%, respectively. Therefore, they can
use to substitute the adobe bricks made by the Sufficiency Economy Learning Center, Khao Kling Temporary
Prison and use as a building material for earth houses.

Keywords: adobe bricks, coir, banana leaves fiber, earthen house, agricultural materials.
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Abstract

This paper presents the design and construction of a lemon sorting machine using embedded system.
The machine has four sections, i.e. lemon slot, lemon sorting, lemon counting and lemon weighing sections.
The machine can separate three lemon sizes, i.e. small size lemon has diameter less than 27 mm, medium size
lemon has diameter 27 - 40 mm, and the large size lemon has diameter above 40 mm. The Arduino has been
used for process control of the machine. Two types of functionalities are available: counting and weighing. The
testing results found that the averaged accuracy of sorting and counting the small size lemon, the medium size
lemon and the large size lemon in the first case was 97.5, 98.5 and 100 percentage respectively and in the final
case of sorting and weighing was 98.7, 99.3 and 100 percentage respectively.

Keywords: microcontroller, lemon size, sorting machine.
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Abstract

This paper presents the design of the grounding system in the power station using a multi-objective optimization
using NSGA-II. (NSGA: Non-dominated Sorting Genetic Algorithm) The Grounding systems in power stations must
be safe and electrical equipment and must be economical. The objective function of finding the right value
consists of the price of the material, installation wages and security conditions. In addition, the multi-objective
optimization using NSGA-Il is also adjusted in line with the acceleration time for the problem. The results
showed that such an approach can solve the problem well. The grounding grid design in power system
substation can be designed economically and safely. This article also tests the design of the grounding system
of a real power station and compares the results with the most appropriate GA (Genetic Algorithm) and PSO.
(Particle Swarm Optimization)
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mm%ummﬂsxmmw EJUENﬂ’]iL%iﬂJLG]UIG\“U@QL‘U@ Ralstonia solanacearum IUQ‘HL‘WT"‘Uaﬂ “UQLUUG’]LWWU’ENIE?W

4
=y [

mmmmﬁuaam Tngldidasanandau 4.7 x 107 colony forming unit/g soil kansmeasenuiinsusssidouldu
NYiouUIR 3 3 mmsaﬂsvmamwmauiﬂwuummvavma 5 uaw 10 cm AuEnAU 40 cm ilaaUdesthiou
#1240 min wan13ifu Ralstonia solanacearum fwdevdansnaaes annsodudamaasadulaldiomun
fdndny vietheu thdeu Wumiiu Tsauienden Tihu

Abstract

The purpose of this research to inhibit the growth of Ralstonia solanacearum bacteria, which is the cause of
Wilt in plant using the bacteria at 4.7 x 10’ colony forming unit/g soil. The results showed that releasing hot
water from 3-holes vertical pipe method could increase efficacy of heat releasing to the soil at the distance of
5 and 10 cm with 40 cm depth of soil. After 240 minutes of hot water releasing, Ralstonia solanacearum was
completely inhibited.

Keywords: hot water pipe, hot water, soil surface, wilt, underground.

1. uni
wylsiaswgianatsatinlszavdgyminisialen
Lﬁﬂﬁﬁﬂ%ﬁﬁﬁﬂmmmm‘ﬁa Ralstonia 5olonacearum %!ﬂ
L‘Uuiiﬂ‘mmmmLa&’mwmumua LFUNE1IUNTEIALRY
Vigananan Lsnammmmmawwmmi YEnII
WigAule viliinuasnsuszaudymnisingugnitels
LLauLwaammmLaamamaqLmaﬁuumuwmawwmumim
fnsldiugiuniu nsugnivevyuiey nstdansiadl
LLazmﬂ%dauﬁiﬂﬁTﬁﬁmwaﬂa_jﬂ wandeliyuszay

audnsawihiieas Ralstonia solanacearum L‘fJuL%aﬁ
WwigAvlakazidviareilaflugisgungiisening
30 - 35 °C Gedviswadaulmajinanguugiay Fduly
mié’ugaﬂmﬁﬁiylﬁuimaaLs??a Ralstonia solanacearum
feifiuauseuiud ududsimungdwiuiluly
mmmﬂ%mméﬁua Ralstonia solanacearum Iuﬁu‘ﬁ'ﬁagj
WnUIMseUIINRiviidimansenudenisasayidvle
VOINY
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oMl AT wazsrAuANNANYEsAY Tellnardens
Lﬁuqquﬁﬁuimamq [1],[2] N5 solarization AU
HuiBnsiirlunismvauidelsauaruuasdngiinlufud
finmsugniielulsadou Snvisldinaluladilidudoulsl
AINANITNUADANINWINADUVDIAY N3 solarization Ay
gaungiazuUanniiuiuaudn 1nens solarization fiu
AnroiuaoInioausoufaUazinansenun1agInIwn
Wisadndeslufu [3] 99nn15MAass solarization Au
\emuaudelsalutszinanie lnsAugnagudie
wanafnlusdla 4 - 6 dUnwi lutaggieuriomuauido
Pyrenochaeta lycopersici, Verticillium dahlia W& ¢
Fusarium oxysporum f. sp. lycopersici finfuuzide
e ldelselufuanassauiedannsaiiunananls
3néne 4] Tunis@nwnisdinainuioudendeniui
wrandaiaudfyegnann dWevstlevidmsunis
Aeszvnidgmnisiianuiounssiussazsinagll
Amsthenufeuiiuanseiu [5] feiuiiioanszeziian
Tun1s solarization fiu Fedinsliviedieiiivauioudu
widesAnuntladeiifinansenusenszuiunisdssneniny
Youludu oy gruugivesiudlineassaziaigelu
Fluausn antusvanatederniddadudesitaves
Audimiunisdiaiiuseuainvedau [6] lngdl
pafUsnouiidesdnedednsinisinavesdrluve
BNIIEIUANUNTURALANYAINTBUVDIAU tAen151
AnufouvesAuseurionuieulinInsrEguMgiT
ANty SIudesregsinan1snaefingaudiviu
MsifinauSeuRufiisuumatevieddinnudfaylu
nsfinanudoudu (71 1ndeyaidosiuanusavian
Uszgndldaruauidelsaluduld Tneide Ralstonia
solanacearum liianunsasendineglafiguugd
37 - 40 °C fa13aN13nsEAeguugvesiuluusday
F2lusagdianuadiiane Aszduainudn 2 cm den
wnnd 40 °C 8] uazdimsldanufeuiiomunmidelsn
Tufufeinnfuanuieudulasldnislusuuulsl
auasTaniunsnentihfeuuuianu Tnefiseduaay
anlaiiAin 50 cm axfiAngamiAu 41.3 °C Seanunsald
muauitelsalufulduadsliamsadudntoldiome
[9] uenvniidefinsifiuarudeunuiilinasiagann
nsldledhdeu uinnuTududddydeusyansam
nadiuanudeutesiudelethfou uazdaugsenn
syudadanlydiege [101[11] é'fﬁifumnﬁuqmwgﬁﬁu
aunsavhlsinansds udillefinnsanemgiiierwaniu
ity nsldinSeuriediugamnifuduisia nens

Lﬁuqmwgﬁﬁuﬁmmsauﬁm%’ﬂ%%g’uﬂﬁa Ralstonia
solanacearum lunséinisuassiifouasiu suduges
fnrsandnsnisinavesideuldau Tnedinfuuia
Tugjaginasodmmmaunsnduesing iy uaziiguiuy
nsunsnduiidnuazninetu [12] Fanadenarndu
Usglomlognadddunismunulsaity wasiduisiiede
N9

sodulumsdnuaded Sdlddenldide Ratstonia
solanacearum 4.7 x 10" colony forming unit/g soil
LﬁaqmﬂL?gaﬁwgﬂL?JaﬁmLLazﬁwﬁaaainauﬁ’uaumam
Tuusiazea TneUszidiunsidsuulasmesde Ralstonia
solanacearum 1uauﬁﬁafj’ldﬁﬂ'3’mﬁﬂ 010 25 uag 40 cm
sepeY9RINYie 5 10 15 Uy 20 cm 7 30 60 Waw 240 min
WevnsAnwmmsdudinsadyiulnveniede
FmsUaesthouiiowivenudouluiu

2. NnBguarIsn1IAtuN1IIVY

AT g Ussasdifofinymisnafiugamnd
ﬁw’?iqmaﬁm%”ué’uégamaw%zytauimaa Ralstonia
solanacearum TngiansUsestidouuuiafuuayisms
Udost¥ouldnfuamisuuadawun 2 uas 3 3 lefiny
nsnsEanemLSouTesiue s IaLTsnTIve o
Tugapunazianlddufinisesaiivinues Ralstonia
solanacearum

6. Hot water outlet

I. Hot water tank
. Heater 7. Measurement points

Water inlet
. Control valve
. Hot water pipe

of temperatures
8. Soil tank
9. Control heater

B L e
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SOALF 101 1)
A g
1 %
I —
I ! -
| i' i
| il i3
3 o I il
; f)s [ i
[ C 4l
I f fl
P - 1
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e SCALE | :3
W
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SECTION CC

U7 2 gunsaineaes (n) vie 2 3 (¥) vio 3 § (A) N34
viednethFeuludidldniu

2.1 Joyanimaaes

msnnaeanszateauseuluAus Y 3 &1 §edi 1
T¥dmsuiaesidouvuingu du 2 WdmiuvieUdes
ih¥euldffnfuuuy 2 5 weedsd 3 1vauuy 3 3 uans
Tuguil 1 Tasldirfoudigaugdi 70 °C Snsanslua
931h 9.35 x 10° m® s uazIngamgiviennvieudes
¥h¥eu 5 10 15 war 20 cm AsyduAMNENHY 0 10 25
wag 40 cm laialunisneass 30 60 120 180 wag
240 min lnadUsuinsaunieluds 0.10157 m’
AUNUILUUYBIAY 886.09 kg m” Tneildiulsynau
gosuiildlunisnaasswiaduiuadia sand 32%
silt 28% waz clay 40% AA1UTUVEIAY 47.2% wavy
ANsANSau 0.85 W (m K)*
2.2 Niouazeslanu

viedgeetheuldnu fluuamnuem 50 cm @k
Audnasmeen 2.13 cm wurugudnansn gl 1.174 am
ATUYRINIIvie 0.478 cm TnsviaUdostingou 2 5
ﬁmumiﬁgﬁ 1 agjwﬂaauuazgﬁ 2 agliRuszeying 30 cm
wazvievdesiingou 3 3 ﬁmum’lﬁgﬁ 1 aguuifu 3‘1‘71' 2
way 3 agliiuszerrinavesg 15 cm viesa 2 wuu Hluda
Auuadean 30 cm uaznsUdestideuuuiaiulneUdos
ih3oufirudnansesiaiu fivnseentrfeunuadusio
AuENaNS 0.2 cm uazddldAurwinnieuen 50 x 50 x 50
cm A 2 cm fauandugud 2
2.3 dwmiaiagampiussiluie

fuvtsingamnil uazilaie Ralstonia solanacearum
meluddlafu fuanduguil 3 viedesthfeufasanans
e warTasvezinsanvievssstinfeu 5 10 15 uay 20
cm #enaEn 0 10 25 uay 40 cm diteRndanesluduila
i’mqquﬁuazﬁhvﬁa 1 gasaflma Jravum 16 Fumy
HONITNARDI

Distance {crm)
100 15 20

B
Soil surface ‘ * * l‘
e e eyl (}

[ ] L ] ® ®-—10
Pipe —

Depth {cm)
L ] ® ] @=—725

® ® o o-— 140

JUN 3 dundsingamgiluagilaiie Ralstonia solanacearum
2.4 mamgidouaznaoy
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v v
o A

n138udade Ralstonia solanacearum Tufuiiie
Anwinisldinfousudsqdunidivinlfifnlsnie
Ralstonia solanacearum \Juaisuedlsauiiondedlu
sinfiwiignilseglufiufiaaudn 010 25 uaz 40 cm
Frog1dauuailtie Ralstonia solanacearum (from
Bacteriology group, Plant Disease Research and
Development Department of Agriculture, Thailand)
Iv’w’mmﬂmimﬂ Lf?ﬁyml,"ﬁuaﬁwmimehﬁ 30 °C waznyu
me 6,000 x ¢ il 20 mm LLa’JU’]L“UE]l‘Ua’NSLUUWﬂauaEN
vm mawmwamﬁuamqaww wnliludndu vasen

qua (SDW) MSAAUATIUIUYRLTAE tRaNA1STIAAINY

MNUILUUYDILAIRI8 OD600 WWeIrgniIoarsitalila

§rnuvenTadifonis uazfegudelunauiuiy
veaes mstudadeuuafiSelunuiiasou 4.7 x 10 dfu ¢
mnmsmwm%amaﬁua: Ralstonia solanacearum gnieal
fuduusarnauandioiunsenite navesmsUszdiums
Wasuwlasvede Ralstonia solanacearum lud
Frogefinaudn 010 25 waz 40 cm SrezUIeaINYie
Uaoeth¥ou 5 10 15 uay 20 cm 71 30 60 waz 240 min
wsmIneaesiMTieTst Tne3sidevsunusutuns
Tuomnadsndedaunszi (PSA) Welufuargniusiuiu
Ralstonia solanacearum i3 eyiiulaun PSA uaztiian
WisuilguiunsmuRsMsRS i ulnvaLuAfiis Ul PSA
2.5 3msauiunisive
nsnaaeensEateALteuRudiei Yo 3 38
Sunduneunisieioudulddineunisnaaeiiald
48 hr (vhdynnsvaaes) Masiuduiindoyaammaiiny
1#a3estiufindoua Yokogawa DX230-3-2 Saruimes
TudUila wn 10 min fiszeiaan 240 min waziaan
gaumgithfeudl 70 °C dhendesnuaugamglisalusid
A9UNITNABDY 30 min LAY U%’Uéﬁgaé'mwmﬂwasumﬁw
Jou Limuu‘wﬂmamaamwnmuﬂauﬂaaamiau 10 min
wdaniusasuldesiifeuatiu ndwinasuiaand
MYUA UINANNILATIZAUTBUTIBUNIINIZAEAINT U
Tupiuiis 3 38 uaviisnsudesthdouildinaniuni
Sounutenilan wlddmiviudsnnasydulavende
Ralstonia solanacearum 1u§ULW13UQﬂ Tnevnassd
e8Il 30 60 war 240 min lngklsgeAulag Ralstonia
solanacearum #egrslupuiiszeziisuarainuini
fmun ndsantusliunsauduneuisnisudesi
fouashudredu easutivuaiiainaaseiinas
\Rugeeeng ietinlinsginalaenainizidonay
Hunnudefiviendsnimaaeduios fifing

3. HaN15BUAZRRUTY
finnsamanisnaansiiszezinaivdesinfou
\lesndosnisannainisiiinainuoufuiiszezving
WAZITAUANANGT 9)
3.1 wamsnnassyaegh TouuLAIAY
sumniiAudeunsvaasade 28.2 °C uazgangil
wIndeuade 31.7 °C Wudﬂqmmﬁﬁwﬁuagﬁunmmi
Uaostinfou Insfinnsungamadfufioansdmiuiudy
{0 Ralstonia solanacearum fasldinaiudesindeu
180 min lagdiguniifuiiganruaiqualnuén
fiszozsing 5 cm Fauandlugui 4

Distance 5 ¢m

g
=
E
=
g
B
ﬁ
20
10
=#=ambient =#=0cm =@=10cm =4=25cm =H=40cm
0+ T T —r |
0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)
Distance 10 cm
70
60 -
50 4
)
L
g 40
2
=
230 4
5
<

]
=]

=

=we=ambient =#=0cm =8=10cm
0 20 40 60 80

=25 cm =w=40cm
100 120 H{J 160 180 200 220 240

Time (min)

JUN 4 wan1svaaesUdestlSeuuuiIAuTEEEYNg 5
wag 10 cm Ainnuanvedau 0 10 25 uag 40 cm
Yuiingaumgiinn 10 min
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a

10 cm gunIAUYINAY 62.6 65.6 63.7 Uag 50.7 °C
szepving 15 cm fauansluguil 5 guvgifuniiu 46.1
63 64.6 uay 52.3 °C 538119 20 cm PUNAIAUYINAY
40.5 52.4 48.5 uaw 47.5 °C LLamqiﬁLﬁudeaawﬁmasia

mnwuammmu LLauam‘wnmmmummwmmumm

UNYRAUNTY 66 66.5 62.7 WAy 40.6 °C 538¥n19
9

amwmu desnthiinsgayioanuiouainnising
Juwndonuinaimiu uasilessesiaiudunsiv
Sasvvostnuusiiiudimeslanlufuiifuianmsuas
wnsnduasghudiuarsnnnindiudng wegdhdaiing
dewanufeugdtuiuiivariuiedmanegamgiaui
AnuBnfutuduity

Distance 15 cm

=
=

"
=

LA
=

=

Temperature (*C)

=w=ambient =t=0cm =E=10cm =+=25cm =+=40cm
[
0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)

Distance 20 ¢em
70 4

60 -

Temperature (°C)

==ambient =e=0cm =@=10cm =#-25cm =s=40cm

0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)

U7 5 nan1snaaesUdeginouuuinAunTseeing 15
Az 20 cm NANENYBIAY 0 10 25 uag 40 cm
Juitngamaiinn 10 min

Distance 5 cm

70

=
=

L
=l

£
=

e
=

Temperature (°C)

=e=ambient =+=0cm =@=10cm =+25cm =+=40cm
0 20 40 o0 80 100 120 140 160 180 200 220 240
Time (min)

Distance 10 ¢m

Temperature (°C)

=s=ambient =¢=0cm =@=10cm =#=25cm =+=40cm

" T e e

0 20 40 60 80 100 120 140 160 IR0 200 220 240
Time (min)

JUN 6 wan1snaaesUdestifeuainye 2 § Nsseeing 5
wag 10 cm inudnvesdu 0 10 25 uay 40 cm
Guiingaumaiinn 10 min

3.2 wamsnnaestaegihioulifuainie 2 3
sumgliiuneunmsvaasaade 26.1 °C uazgamgil
wandeuiads 29.7 °C wudirRuIuvieUdesinfou
foumfigatueinaiindieiunisudestneuuuin
fiu fiasunflgungfidudiviuiudude Ralstonia
solanacearum osldiaa1Udestd1feu 120 min
pudrfuaEnay fananslugud 6 seeEviig 5 cm
gauuIAWYIAY 61.3 60.5 54.8 uay 39.7 °C seyng
10 cm gauniiAuviniu 40.8 60.1 51.2 uag 42.3 °C
uAfiszazEing 15 cm danansluguil 7 anansofiuadia
Touduldlan fin1udn 10 cm iy 48.3 °C uay
fisvoriiig 20 cm ldansnsnidfiugamnifudiesudate
Ralstonia solanoceorum 15 uiifloiunaudes 1
Sourfu 240 min Aiszerying 15 cm AMWEN 10 25 uag
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40 cm qmmﬁamﬁm%mﬂu 51.4 51.1 uag 43.9 °C
MUY wasTiszaEing 20 cm AiuAn 25 uay 40 cm
[

guvnfaudiutudu 39.4 °C wirfu 91nsan1TMARDg
anunTaLiu M iAUNTEeE199INYIe 5 Uag 10 cm

Y
'
P

nnszivaudniielddudinisaiyivinvende
Ralstonia solanacearum wazldiiandesniinisuaey
ih¥euuuinfu uithieudsdinisgydeaudousswing
Inrisduutudoiunsudeshfouuuiiu

Distance 15cm

70 4

o
|
240
2
g
;3
z
I_ |
20
10 -
|=#=ambient =#=0cm =@=10cm =-+25cm =+40cm
04 ; ——r—
020 40 60 80 100 120 HU 160 180 200 220 240
Time (min)
Distance 20 cm
70 4
60
50 -
g’
B
2
£
2
g
=

=s=ambient =t=0cm =E=10cm =#=25cm =+=40cm

1 L — S ————
0 20 40 60 80 I!}U 120 140 160 180 200 220 240
Time (min)

JUT 7 nansvaaesudeeiinfouninvie 2 § Nveging

Y

15 4ag 20 cm innuanueadu 0 10 25 wag 40 cm
Juiingamgiinn 10 min

3.3 wanisnmaesUaserrieuldnuainiie 3
s o o -
gaumaiiiuneun1sneaeuads 27.7 °C uazgnn)l

Y

WINGBULRAY 29.3 NUT1QUNYNAUNTEEEUIY 5 cm

a

V’]’J'lllaﬂ 0 10 25 uay 40 cm ﬂﬂLLﬁ@]ﬂ‘Uiﬂ‘Vl 8 RIAZAR

U

ﬂﬂ‘U‘lJE]El’Ni’J@LTJ"Nﬂﬂ’N 2 38usn LLavwmim’mammmu

dwsuifudade Ralstonia solanacearum THinanfies
30 min fi5z88%19 5 cm anansaLfingavgia 58.7
58.4 55.9 Wway 44.5 °C (3vanudrfuadudn ued
88919 10 cm awnsniiuguvgifuiiodudande
Ralstonia solanacearum #a214&N 0 wag 10 cm
it fgaungfl 42.1 uay 45.4 °C mude

Distance 5 ¢cm

70

=a)
=

uh
=

B
=

[
=

Temperature (°C)

[
=

=s==ambient =+=0cm =-@10cm -+25cm =+=40cm
0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)

Distance 10 cm

Temperature (°C)

=s=ambient =#=0cm =@=10cm =+=25cm =s=40cm

0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)

sUl 8 wamavnassUdosihieuainyie 3 § fisvogving 5
uaz 10 cm fiAudnvesiu 0 10 25 uag 40 cm
Yuiingaumgiinn 10 min

uazfiszozsig 15 cm dauandlugud 9 anwnsasiiy
sumpiiAufiniudn 10 cm Wity figaungiiAu 40.1 °C
uazfiszazsing 20 cm llaansaifivgampfiitedudade
Ralstonia solanacearum lénsefuanudniu usdile
diaanUdostnou 180 min audiduaNEndy 7
S¥8¥Ue 5 cm Qmwgﬁﬁmﬁw’ﬁu 60.4 63.2 63.3 uay

55.3 °C flsyeg9ia 10 cm gauniAuiiuTy 46,5 61.1
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58.1 wag 48.9 °C LLGi‘ﬁi%EJSWN 15 cm Au@n 10 25

a

uag 40 cm mmsmﬁuqmwguﬁu 51.6 50.3 Wway 44 °C
PIUETU Tiszezine 20 e ANAN 10 25 way 40 cm
QUNYRAUWINAY 39.6 42.9 uag 40.5 °C AU
wazidlowfiniianvdestindeu 240 min iszovsinauas
AudnAuianuaidnvarnisiiniuresgungd
Wulgaiusregial 180 min wAgun)illA1gandn
1 89 5 °C nsUaesinfousinviesiuiy 3 diumis
ffAusasiisziupnudnldau 15 way 30 cm @130
ammiamLaamwmauLLawnmmwmaamsaua%umuw
finnudnufintu Imﬂmmmmﬂmmwmaumﬂmiaua
Ausanmnsthanudeuvesiuiiannzund uaiidesde
Besszevinanvievdestinieu Wesnirdeuiinsla
wuudasEdaainsaunsnBugiuniudnelaliiniu 10 cm

Distance 15 cm

Temperature (°C)

~s=ambicnt =#=0cm =-W=10cm -4=25cm =H=40cm

0 20 40 o0 80 100 120 140 160 180 200 220 240
Time (min)

Distance 20 cm
70

60 -

50

e

el
=

Temperature (°C)

(=)

=se=ambienl =t=0cm =@=10cm =4#=25cm =#=40cm

0 20 40 60 B0 100 120 140 160 180 200 220 240
Time (min)

JUN 9 wan1svaaesUdestiseuainyie 3 § Miszering
15 uag 20 cm AAUANVBIFRU 0 10 25 Uag 40 cm
Juitngamgiinn 10 min

3.4 msSeuiisuranImaeasenisou 3 wuy

gamgfith 70 °C Smanslvavostih 9.35 x 10°

’ s 1381 30 min S¥8ER1e 5 cm ANANAY 0 10 25

uaz 40 cm mavdestnfeuuuiniu gamgluiniy 653
37.2 30.2 uaz 29.1 °C muddupnuanau msUdestin
Founnvie 2 § guniminiu 61.7 33.9 31.1 uag 26.2 °C
pudFuemanAy nisUdesthdeuninyie 3 5 gouundl
Winfiu 58.7 58.4 55.9 wag 44.5 °C pua1funuanau
IMNHANITNARBINUINOWUU 3 § fisydupadndu 40 cm
mmmﬁuqmwgﬁﬁugmdw 2 wuuwsniieuludiaiu
35 ﬁ/an’)SWﬁ]aENE"fUE%A%a Ralstonia solanacearum

n1sNAassdu f—jgﬂ L%a Ralstonia solanacearum
nsmaassfunisudesiifouninde 35 (nans
naaoafiuanudeuiuliinarfosiian) tiudeyadinan
30,60 wag 240 min Aud 18U Ineflsiululle
Ralstonia solanacearum \3u$u 4.7 x 10cfu ¢ 'soil
(cfu =colony forming unit) Andu 100% neun1maaes
NANTUINANITTU gﬂ L%a Ralstonia solanacearum
Tusnseit 1 W@usnnuiivdendinisveass

M15199 1 Ralstonia solanacearum N AABRAINTS
NNaD

Distance 5 cm

Depth of soil ~ Time (min) and Population

(cm) of R. solanacearum (cfu g™*)
30 60 240

0 4.2x10" 5.2x10* 0

10 3.7x10° 1.6x10° 0

25 1.2x107 2.7x10° 0

a0 4.6x10" 3.5x10% 0

Distance 10 cm

Depth of soil ~ Time (min) and Population

(cm) of R. solanacearum (cfu g™*)
30 60 240

0 4.7x107 2.3x10% 1.2x10?

10 4.4x10’ 7.6x10° 0

25 4.1x10° 6.1x10* 0

40 4.6x107 2.2x10° 3.9x10°
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Distance 15 cm

Depth of soil  Time (min) and Population

(cm) of R. solanacearum (cfu g)
30 60 240

0 4.7x107 4.6x107 4.4x107

10 4.5x10" 4.3x10" 5.3x10°

25 4.7x10" 2.1x10" 3.6x10°

40 2.4x10° 2.9x10° 1.4x10?

Distance 20 cm

Depth of soil  Time (min) and Population

(cm) of R. solanacearum (cfu g™)
30 60 240

0 4.7x107 4.1x10" 4.5x10"

10 4.1x10" 4.3x10" 4.7x107

25 4.3x107 4.2x107 4.3x107

a0 2.4x107 3.7x10° 2.2x10°

wansliifiuinnsudestindeuasiuiivian 240 min
fisze29i1a 5 cm AINLENAL 0 10 25 way 40 cm wayil
s¥eE9i19 10 cm MNUENAY 10 WAz 25 cm anansadud
\® Ralstonia solanacearum @vsnun wafiszozug
15 uaE 20 cm @NsaaRsIILlBMABLEs 1.4 x 102
waz 2.2 x 10° cfu ¢ fimudnvesdiu 40 cm &unmdn
417U Ralstonia solanacearum amaﬂﬂaﬁuagjﬁ’unm
wavihfoudilnarduduiiu finan 30 60 waz 240 min
§9391U49U Ralstonia solanacearum mé‘aagjﬁijum
71.5% 32.3% Wag 24.8% MINa1AULIAN
3.6 9AUTIEHNANTITIVE

msUdeeihdeuldfuande 3 3 A1U130AALIAINTT
Tnavosthdourusuiu wazdramauieuainnisi
vosthougiuduarsldesnasmia feaunsaldiuds
N15638Y iivlmveade Ralstonia solanacearum lufiu
flsvpzsanieudesthdou 5 cm ansaringamad
Rafiugean 58.7 °C uazsnanfinnudnyosiu 40 cm
gamadl 44.5 °C fnan 30 min Welinanisuassii

3 U
v <

Foulu 60 120 180 way 240 min WINTUIAUAILITH
Tumsiingamaifuiiszdunudn 40 cm Wiy 50.6
52.9 55.3 way 57.7 °C auasunian wazidlowSeuidiou
AuAsmaiiuanufeufiuuuudy fogratu minquiu
frenatafniiialfiunanudeunaznisia solarization
ﬁl’alﬂﬂﬂﬁqmmﬁﬁﬂqmaz@nqm fieudn 10 cm Wiy
37 uar 50 °C wasfinnudn 20 cm Wiy 38 wae 43 °C

figumnfionnia 20 fia 35 °C [1] waznnsldmsiluan
wuuldlanpssaufumseaiuuianussiunnuanlsl
iy 50 cm gamgiiade 41.3 °C [9] waznsldlethiou
aunsoiiingungiauldliiuszfuainudn 16 cm
[10,[11] A1nUeyafiangn? dlefiansaunisnsuaesiin
%aumﬂ‘via 33 HAN1SINAeTisTErWIYie 5 cm 9oUnN
muawummmw 50 °C amaammmsvmummaﬂ 40 cm
mmmmmuamwmLLawmmaﬂmummm’nﬁau

n15Y13Udesiifeuainie 3 3 Fudanns
LS LAulRD g \%® Ralstonia solanacearum ag
farsansruuiivdendininnisnaasudieuiisuiu
nsldmnsiluauuyldausnassaufunsneaiuuiinnu
HANINAAETIAIAY wazfinudn 5 cm wde Ralstonia
solanacearum &INMAaes 4.1 x 10° way 7.5 x 10°
cfu gt mrudrsu 9] waziilesUsuriisufunasld
wonluioluiiarsueundudinisiasgivinges
Fusarium oxysporum f. sp. cucumerinum (FOC), F.
oxysporum f. sp. niveum (FON), wag F. oxysporum f.
sp. melonis (FOM) Tudu lagldiiarlunisnaass 57
wag 3 U muaau [13] wagidTeuiisudunisldaiiu
fouiiudaiie Ralstonia solanacearum tuRunauy
iwenuLdowmne Mganail 25 waz 45 °C lngldnan
1 §9 6 dUni [14] uiiBnnsudestifouainte 3 5
fiszaziie 5 cm UGN 0 10 25 war 40 cm Maan
Wiee 240 min @rursadudenisiaiyiivinens
L%@ Ralstonia solanacearum Iﬁﬁgmm

YoLAUBLUTAINHANIINAADY @109 UINANTT
noassauselagn s uIuieUdesinfouuas
F3ueviefisrevniesznineie 5 cm (WUITTUIU)
\ianlymeanudouvesiudissezvihainiu Fadusn
38aru1sadrlulddudantsiasaiivineenie
Ralstonia solanacearum 1uauﬁﬁﬂ’ﬁi$U’]WU@ﬂL%®1€f
pg9lUsTANS AN

4. unasy
lun1sfinwesadaunsaasussinudifgainnis
VGRNONY

v
o v

- 38msUdenthdeuldAuainvienuaseuuy 3 3
mmamwuammmuﬁs sozeanvieUsasindou
510 15 ua% 20 cm fiAMNANAY 0 10 25 ua% 40 cm

- Lﬁaﬁﬁ%miﬁﬂﬂa'nmi‘ﬁé‘fué‘?’amaw%mtﬁulmmaq
L‘?YJJEJ Ralstonia solanacearum Iuaul,wwﬂgﬂﬁwm 30
60 way 240 min @wnsaiiudszansnimnistudade

Ralstonia solanacearum ﬁ 28.5% 67.7% way 75.2%
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MINAIFUNAT WATISZESLET 240 min SE8EWIIaINTie
Udostihdeu 5 cm nnseduanuniu uasiissasring
10 cm AMXENRY 10 way 25 cm Yudunsadufadold
Vanun

5. AnAnssuUsenned

YBYBUAM UNINY1FEmNAlUlagIIYLIAARIUEN

parameters and agronomic aspects. Scientia
Horticulture. 2008;116:98-103.
Phitthayarachasak T, Thepa S, Kongkiattikajorn
J. Solar energy system reduces time taken to
inhibit microbial growth in soil. Renewable
Energy. 2009;34:2467-2473.

[10] Gay P, Piccarolo P, Aimonino D, Tortia C. A high

Awalan umIngrdemalulagnszaonndsuys way efficiency steam soil disinfestation system, part I

1A5aN15398unaRd1dn I uAnEnSIUAITEANAN Y Physical background and steam supply optimization.
z%’m%’umiaﬂ’uayumﬁ%’ﬂ Biosystems engineering. 2010;107:74-85.

v - [11] Gay P, Piccarolo P, Aimonino D, Tortia C. A high

6. 1AN&AN51N0Y efficacy steam soil disinfestations system, part
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production systems. Crop Protection. 2000;19:837- 2010:107:194-201.
8L [12] Suttisong S, Rattanadecho P. The experimental

Al-Karaghouli AA, Al-Kayssi AW. Influence of soil
moisture content on soil solarization efficiency.
Renewable Energy. 2001;24:131-144.

Scopa A, Candido V, Dumontet S, Pasquale V,
Miccolis V. Repeated solarization and long-term
effects on soil microbiological parameters and
agronomic traits. Crop Protection. 2009;28:818-
824.

Tjamos EC, Antoniou P, Tjamos SE. Implementation
of soil solarization in Greece: conclusions and
suggestions. Crop Protection. 2000;19:843-846.

Pulat E, Coskun S, Unlu K, Yamankaradeniz N.
Experimental study of horizontal ground source
heat pump performance for mild climate in
Turkey. Energy. 2009;34:1284-1295.

Koyun A, Demir H, Torun Z. Experimental study
of heat transfer of buried finned pipe for ground
source heat pump applications. International
Communications in Heat and Mass Transfer.
2009;36:739-743.

Gao P, Zhou G. Study on temperature field
around heat pipe underground based on line
heat source theory. Energy and Buildings.
2011;43:2483-2487.

Scopa A, Candido V, Dumontet S, Miccolis V.

Greenhouse solarization: effects on soil microbiological

investigation of heat transport and water
infiltration in granular packed bed due to
supplied hot water from the top: Influence of
supplied water flux, particle sizes and supplied
water temperature. Experimental Thermal and
Fluid Science. 2011;35:1530-1534.

[13] Sun L, Song S, Fu L, Deng X, Wang D, Liang X, Li

R, Shen Q. Exploring a soil fumigation strategy
based on ammonium bicarbonate to control
Fusarium wilts of cucurbits. Crop Protection.
2015;70:53-60.

Zanon MJ, Font MI, Jorda C. Use of tomato crop

residues into soil for control of bacterial wilt caused
by Ralstonia solanacearum. 2011;30:1138-1143.

Ui 4 auuii 1 uns1AY - Jgurgu 2562






i

RMUTL. Eng. J ﬁ
2158159AINTIUANGTAT U1 Ingraenaluladsrvaenad v j

ANSIATILDASIEIUNANAIMSUNISHAALTDLWAIDTUD ALYIIINLAVAIUVDINTLUIUNITEN
Aguay

[-C] [}
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UNANED

HANI3E15990IAAUINIINTTHNIBgILIANAarILAgeN wuidimeauliiwiondannnssuiunisundgiludiuau
110 Bedidnenmlunsi luduingiundndusautafiedugae lifumuiomaainniamas lumsdnwedaildin
Awaufingninssauiademadeeldudafuddendaduindenuszaiu fanadu 5 wanviiana
Tngvinnnsinuiludnsdiunauvensdiu (42-51%) dorn (41-519%) wazuteiudadusndoudszau (2-14%)
Taewa 1nmsnegeunswtlndlagldnisldanudouusdin nuidwsauvieiindndesnsidaunsdu 49% 1 49%
wazuiliudiznds 2% Sanautidusreznaiuinliuarsrsznaninfiondiian lnedaauioulutg 6726
wAaeIHensu

ANENAEY  S1USALYY LAYEIY 1D

Abstract

According to the survey of a SME brick factory, it was found that the brick burning process produces a large
amount of charcoal residue. It seems that this kind of waste has high potential as the raw material for charcoal
briquetting. In this study, the charcoal was mixed with water and starch. The compressed pressure was set to
5 MPa by using a universal testing machine. The percentage of charcoal : water : starch was varied between
42-51%, 41-51% and 2-14% respectively. The briquette burning test showed that 49:49:2% briquette has the
shortest ignition and water boiling durations. In addition, the heating values of the briquettes were between
6726 cal/s.

Keywords: charcoal briquette, unburned charcoal, brick burning.
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wnau [9] warnedns [10] Wudy wwidemasiivasan
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Fasinmsiansanenuduldly wasmnszuaunisdie
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wisknau [11] yanseuendnauiivuadusugudna
noly 36 Hadiuns LNUSATAIUEIIVTUIALEURNIUY
guénana 7 faduasifiesilddudauriadugy
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7. 0.45 0.45 0.10
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10. 0.45 0.50 0.05
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12. 0.42 0.46 0.12
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gﬂﬁ 4 |soperibol bomb calorimeter model 1261
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