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ABSTRACT

This thesis proposed the procedure of ozone generation by applying high voltage technology
adapted for electrode structure design. Ozone, the most powerful oxidant was well known in industrial
application for waste water and air treatment. Electrode set for generating corona is the main part of
system, converting oxygen molecules in air to ozone molecules under clectrie field energy which is
supplied. Based on high voltage technology, the basic concepts of ozone formation are proved. The
results indicated that ozone generation process is able to control. Ozone yield is effected by many
electrical parameters such as electric field configurations, electrical potential and signal characteristics
(e.g. voltage types and frequency). The relations among these parameters can lead to improve the
clficiency of ozone generation and decrease the required voltage level down lower than industrial
applying. Enhancing the outstanding characteristic of ozone gas, “Environmental friendly reagent”,
PV system (Photovoltaic system) is selected (o use as the major source of energy. It is designed based
on 16 hours operation. In case of emergency, AC 220 V 50 Hz is uscd instead. The proposed ozonz

generator can yield 1080 mgO,/hr in 52 W.
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M3199 2.1 YeyamvizueslaTaunin [15]

Section Detail
L. Product Identification |  Product Name OZONE
Synonyms Activated Oxygen , Triatomic Oxygen
] Chemical Family Oxidizer
Molecular Formula 03
Molecular Weight 48
2. Hazardous Ingredients | Component Qzone Gas
Concentration - 0-4 % by weight
3. Health Hazard Data Permissible 0.1 ppm. (in Air)
Exposure
Symptoms Irritation for sensitive tissues as eyes, nose and
throat. Pungent smell, notice at 0.04 ppm. High
concentration of OZONE destroyed lung.
| Toxicological ~ |High concentration of OZONE endanger human
Property respiratory organs. Effect on chromosomes
structure.
Destroyed the exposed tissues.
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A1 N 2.3 anwannsalunisaiuie (99%) ‘Vliﬂ'ﬂ"ﬂ'uﬂi']ﬂ‘U'ENﬂ"Ii“lJ'izﬂﬂﬂﬂﬁ@%‘u!'ﬂﬁﬂﬂﬂ

ToTaru 1 pH 6-7 90 [4]

Microorganism Disinfectant (mg * min/L)

Free Chlorine | Performed Chloramine | Chlorine Dioxide Ozone
E.Coli 0.034-0.05 95-180 0.4-0.75 0.02
Polio I el S 770-3740 - 02-6.7 0.1-0.2
Rotavirus 0.01-0.05 3810-6480 0.2-2.1 0.006-0.06
Phage f2 0.08-0.18 ~ - -
G. Lambia cysts 47-150 : 5 - 0.5-0.6
G. Muris cysts 30-630 1400 7.2-18.5 1.8-2.0

<

2.2.4 M10endlad (Oxidizer) [4]
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wihimdnidguazdudnyazruvesTe Teudevinfisseendmeu (Oxidation)
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Aquaaslugin 2.2 dedagy

What is OZONE and How it Works

1 atom spllt off

2( (), ) Molecules

to oxidlze pollutant

3(0, ) Molecules leave ( 02 Jbreathable

30 2.2 mavhuvesTe Teuluniseend'lad (Oxidation) msthuilow

=] =t
1) mManuazuuenla
aaa { A gg ° o -
Ujisniiiavufensilileseuvesndnuazimsniisnaofuvewdaazan

aznou Aaadluaumsn 2.1-2.2

2Fe* +0,(aq)+SH,0 — 2Fe(OH ),(s)+O,(aq) + 4H" @.1)

* +0,(aq)+H,0 = MnO,(s)+0,(aq)+2H" (2.2)
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YUADU 9 1FUADDIU (CIO,) ABI14 1.20 mg/mgFe LAY 2.45 mg/mgMn 1iludy
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2.2.5 s2UVINUAYHAY (Pre-treatment process)
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Tolaufaldninlsingmsal 2 wilafe nszurums oo luesy (lonization) M0 nszuY

v
A13LENAT (Dissociation) 910 (8] uay [2] lunszurumsuandrvsianiy lees luwsuis
- P o 1 o' ia o
M3V uuUNIRN (Electron avalanche) 111 Tgmisiwsnannilunuauiifiorsan
TWnszuaIdihimzgimauiu fsidanuniennudouiiosninnszuai lvasinniswsn
da a J o 9 A = o o ol = o s 3 = -~ (]
ety v lelaudslindsnuiuszdudamsaaiodd daiulumsnanToTausely
- > 1 @ o Aa d o a0 ' @
AmmansiInaInidy  ufewdinuitidnaseusuninaudhasiidnlosnimds

s leen luwdu (W) udioaweizildifansuundivosezaousendinusonainty

V (Energy Level) “ v %1
L} maol

7.083 682.8

6.178 585.4

5.116 493.2

4.475 431.4

1.636 157.7

Schumann-Runge
Horsbarg

0.982 948

Source Masschesen {1977).

31 2.3 idulRwanaszduwdanvoteongiou

Lﬁaﬁmsmmnszﬁuwﬁmwmaen%muiu;ﬂﬁ 23 wzfudeenGouilseiundaand
Anfunawsrudoondnuiininsosmduiiulelanddh 2 sesudaoiude O(*P) une
o(' D)dunounsaiale onlsznendan 2 suile

a) Msuan Inssain luagamyeendinueoniluezavudass (Dissociation Reaction)

5umuﬁyﬁaﬂﬁﬁ?mﬂﬂwﬁ'mu undandsanlunudioiinnsanenssudiones
wisavessidnaseufindoud lum i daezndnilusazdoaseld Uz

- J 4 - el a o o -y ﬂr.
lﬂﬂ‘dulﬁﬂﬁﬂﬂﬁl'ﬂU'Uf'lll‘iSﬂ'UW'ﬁQ~1'I'H'UﬂﬁﬂDﬂ"mi}ullgﬁllﬂﬂﬂ,uﬁnﬂ'ﬁﬂ 23Uns 24
e+0,(X’Y ;) —> e+0(P)+0(*P) (23)

e+0,(8°Y ;) ——> e+0('D)+0(* P) (2.4)
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Sidnasoudesiindanuunnd wiseuiuszvesTuanafanngyit 2.3 Tavilszanuifiony
1434 69 eV 138 595.4 ki/mol §19n31 700 kJ/mol

L) a o o o :
b) M3dumveseraoudasylude 1 fuluanamaeendouilule Tou (Ozone Generation)

O+0,+M — O;+M (2.5)

A -1 v A -~ & rd . 1 Q o a

o M Ao Maduewitly O,u¥e N,¥uilu 3* Collision partmer ¥ IMIUMIHEA
L4 4 v

Ugnsntiegludiu 12 us uadendsszisfe lusranmdy q Hpsrnsanad§iserdaa

~ A =4 1 - 1
Lﬂﬂ@“‘h’&&ﬂuNﬁLﬂUF\Bﬂi$‘lJ’JHﬂﬁNﬁﬂé”Jﬂl‘b’u

O+0+M —— O, + M (2.6)
N30 0+0;—5 20, \ 2.7)
N30 0 £0; —= 20, (2.8)

4 * i o 3 = 4& a
die O; i ToToufinn1azganseduivaie (Transient excited state) FuTuan 1S uvoants
WAIEHINN.0 iy 0, vnaumsi 2.5 UFRTenluaumsii 2.6 ung 2.8 martesinain
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: Bk, el I =
§ UL TTE Jeal b Gt A A : S
" N AT
& ."\\ ARy \ \| 7 A
R AUNPANIVERRA IR Yot
1 lclo..\lf ‘ / s \‘W_ /‘ 7./ r.
{ T8 B e
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10'° w0t - 10* 10 10? 9 10°
TIME (3)

H r-1 4 J s
3 2.4 osddszneumaniifignadreiuninmsuandavesiraluen s 910 [25)

H 1 4 = : = o o ﬂ' 4
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Ugnsvuniiifalumandsmsuandafinimwdy 1 bar gunil 300 K-(79% N,+21% O,) uen
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waoud 1 Tudiemehumivenuyufianuss ainasouiueymimlszyauitiminunnnde
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v J ¥ S a d o o =t A -
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gy (Elastic collision) W39 TMInuRIdianATONABN MMM UNS 9L uaznsvuLLY litangu
(Inelastic ~ collision) ﬂaamﬂmeuqmmuwamu'lﬂmqmmwwmmﬂm‘luﬂuaumﬂwgﬂw
wasanfidionen Wiliniseenitiu 3 segumdsnuio wasmane (Dissociation energy : W,)
WANUNTEAY (Excited energy + W,) taendaaiuloon luwdy (lonization Energy : W) A20619

ﬁvﬁuwmammmuuaﬂﬂuﬂme‘n 25

137190 2.5 szAundanulunsalaniamanmonimuosing Yoyadan (1, [2]

GAS W,(eV) W (eV) W(eV)
H, 4,46 7 154
1 - 10.16 13.59
N, . 9.76 6.3 15.6
N - 10.33 14.54
0, 5.1 7.9 12.5
0 9.15 13.61
H,0 - 16 12.59
co, 10 14.4

‘lumswaﬁmcﬂﬂwuumfm1mi'lums'lwqug]msuﬂnmﬂw‘luﬂmu'lﬂﬁ1xmqaswnu

msRalFAsouniiies it To Tay mmmmammumwna‘Inmmaﬂa'{w"lﬁmgﬂn 25
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0OZONE OUTPUT
3N 2.5 uarasnalnpiswan o Teuludiuves Discharge Physics 1A% Plasma Chemistry

2.3.1 an ol (Blectric field)

v 1 = o2 4; "o [} a d o
auwIrlilunisosniy 2 yianHAAD IFILBgRUT AR Tnsadnyaizma

svindiavesdianlasaduamei i 0 duoaldnnaums i 2.0

W E

1 max (2.9)
4 E

av

o E_ i anuAzvaaw Iwhgagaludes e imesenieddiningg
E,. fio Anasoamuy Iilimae ‘ﬁxﬁﬂﬁfuiuuﬂﬂs:n'jnﬁtﬁnimm
D auwIiihasiuee Uniform field)
AeauIWihiifio n = 1 fi’uﬁansﬁﬁﬂﬂuuﬂﬁ'ﬂﬁmﬁtﬁﬂhsﬂﬁﬁﬁumMﬁumnﬁ”
e E, ﬁ;ﬁﬂﬁuﬁﬂ'umﬁ’Uﬂ'm1mﬂmmawmudaﬁum1ﬂﬁ1 (E,) wiiausnaing
N zﬁmmnaum"lﬂﬂméu (E,) NNyaniny
2) e liasiuae (Non-uniform field)
g MMﬂﬁﬁﬁJmmﬁnﬁﬂu (Slightly non-uniform field) ﬁﬂﬁu‘mv‘.ﬂﬁ'l‘ﬁﬁﬁ“l 100%
<M’ <40% quanidlndifvaduaun Wthasivauemn
- s hisdhiaiegs (Highly non-uniform field) foenuuIvihdisien 1" < 20%
ﬂmﬂuﬁﬁﬁiﬂmdwmﬁum'lvlﬁmuuﬁyﬁaﬁﬂmmﬂszqﬁnLﬁﬂi‘fuﬁflﬁﬁum'lnl%

o J a a :i = 3 - - 1 = s = '
NﬂlWEJ‘Llhl‘lJMﬂﬂﬂﬂ MINNAVUAD i]zmﬂﬂszuﬁ"lﬁaﬂ‘amﬂmusnmmmumn 13NN
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nszualalsu (Corona current) Hauaaslunsvl i, Tugiin 2.6 (b) uazAMUAToR
P ' a v -] o <
auw IihiszusienndidnTnsaoen lszanasedsaga asuaaluzili 2.6 (a)

Tu [1] 8dnlased 1 diennunivamum ihgegadsmmny InfhingAunnd

' - A4 o = e Lo} 1
vosemaududmum fhuSnaduivun  Sehidamswsnardiunasades
. . ¥
TR uAfuIIRUTDMATUUANEIRD V, (Ignition voltage) Tuauy Infhyiiat
miﬂ'whﬂ'muﬂ?uwum‘lﬂﬁumﬂm'ufﬁ':"lﬁ’umzﬁaw1nnmmﬂ‘szqﬁ1qﬁﬂﬁﬂum

Tl Tl lmndnyasmasvinda

(Vb)l
111 ]
AN ERN g
H ..O\. ..-" (V, )m ...................
Tu | 3 _,t
I ~ '-..- -4

I o 2 e~ \\

I Iy &
._L N

(a) (b)
317 2.6 puuaniAau i 3 siiaanigilinediin Tasadiam
) v ihasdvaue m e i il ey ednson

m T hisiuanegs

2.3.2 ansazany Wi egaha
gﬂ%N§L?meﬂﬁaﬁm%qﬁ'umsN5¢|Tahuﬁﬁﬂym:ﬁmu'lﬂﬁnflmmu"lu"dﬂnmmqa
1 -1 [ é
wUNsINaUVIANNN (Waneumauuaszinsanszuenunisam FIT IV OUUNUR WA
mMImusnada’ld
2.3.2.1 nsnamaeluemsa
- |-=; o n’: [ =
auuAnyasmlszyegiiquinamsenay muu Wi E sxdennsuimssnay Taof

o o = o o ad = =y 1
Masmsamssnaugniae  Selivestian lnsafidunsndeglnoun ¢, = o) ¢

amas A I nsed r 1o 9 11800

Bk

dner?

(2.10)
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manunseauy Ilihgegainafidimsinay

0 =K (2.11)

& 2
4mer” K

E MAX

lumaljianseonuuyiedlosiumsifatalsueradransanouiulan (Shield) ik
aunsoam Iihaadinndmaaueioamyihingd . Auauwasioueld

Ec =30 kV,/em umal§iald . = 25 kv, fom )

peak
2.3.2.2 N3INIZUONTOUUNUI N
o A o o ng - ¥ “ o 1
durdngoun Iifhszegluinniaiunziuivemsmnssueniofuiafng Iifiu:

Tavorfivaunisi 4 ¥93 Maxwell Q = J'D-dA dmiunsansgonuauINe 1 $ad -
5

(r, < r < r)mmany i 1den

. t
Us9AU V ntlaussrmansanssuenyia 2

V= [Bar <2 1y

2ngl. K\r
s 0 lnfz-
2rel - n
v V
18 E = = L<rxr, (2.12)
Fin =%

h

U = a da
mnnssamuy Infhgegainaifansnszuenisly

V

(e,
rin-2
h

Eyuy = Er, =

(2.13)

2.3.2.3 HANmINzaw (Optimum dimension)

Yaad d

TumadmnssuInihussg lianweminzednuazmssenuuui IHiaTEnAigany

aous s Idqeiige Medrusulunsdidmunseiiadnlnsauen r, I $didnTasalused
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= a ] 1 ad a1 9 a
r, @Ry r, 1in q szosvisenhedidnlnsauonuaz ufie d = r, - r, fanoufawsn
a1 ' or oA P a 1 o 19} “ vlﬂﬁ Ha o o & J
AU UAMTaRsHl r, aweium d i danuassamn Ifhiddniuiugiiu
wn sudsiingauaziia lalsaunldie msmidgaiinemingyea r, fiogsening o - r, #
o Qs 1 a " o 1 ad
W lszyumuussiu ldqeqalaslifalalsndoudsnanly (1]  nsdisdnlnsanss

NSLUBNUAUTINAD

(2.14)

Uit 2.7 dnwaizaisilavuilas 7, uoz £, Tumenves r, detmuald r, ANl

ar . o e ' s d
2.3.3 Yadenns q Rilasous s sna v
2.3.3.1 janvazBidnlnsa (Electrode configuration)
' a o P=} " as o - 3 .3' . A
wiedian Insavziinadoussusnarninnuiedosiusgudnums aun TWih
= s = o -~ { 4
nadiau i isiiwodalesa S vamnu hgegafunnunioamiveza
@ ' ' @ a ¥ o i as a (| Y A A da 9
fuliinn AussiuGudufumussdumsnarniifusidody ABIIDBE NAUTINGA 1A
& do A 1et a o ' e :
awideu luwsnamiiuil LifilaTsuifRasouwsnarnd udnsdifte Iy
e 4 v o aSad 1 @ A ° '
himiwaeqe szozuntinhannidlefiouiusaiisdn nse susedududy (V) 3z1n
ussdusnanieidany mnmnlsamuwWihgege €) ohdunnusioamuy

Vs % ;
A suRalalsudsansodiuin 18 naunis
VF=F-dq (2.15)

iiie d fleszuzgeainene uas i’ e urlnmesaun'inih
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mﬂﬂﬂﬂ‘!ﬁm}‘ NITWUNTD NI >

2.3.3.2 HAUBIANUHRUIMUUMN Y
; 4 ' o Y
“luﬁum"lﬂﬁmmmuaunmﬁau'lﬂﬁumﬂm'sﬁﬂzuﬂsmummnumuunwmuﬂm'lu
namgd 28 () wansdiou i himiasegeefiunnmesaunifh 1< 20-30 %
anvaizvesrwssdu ihuusnmnlezlidnuasiigega-diqga  (Maximum - minimom
4 - o 1 d'. L3 o' - - l;
characteristic) (BN IUMONYBIAMUR UM NAABTAIINE A q i la lsuufadu
0 = a 4' a o i) J ' ) 'd ;
NBUMSINAITNAIY uazamuaNuau IR g s wssdu It wusnanlszandiasdan s
nsznenussau I uusnaifuussdu Ta Tsus udatisurigy Wuanuduiin s sy

o

u:f!i a v o ' = " Qs s a ﬂ o [ a
1 'HfN‘l}ﬂuﬂ'iLWIJﬂ'TnJﬂuﬂT"Bﬂﬂ.lﬂﬂﬂﬂ'lu‘iQﬂuﬂlﬁﬂﬂ'\'}lu%ﬂwul uﬁﬂﬁ']uiﬂﬂﬂ'ﬁﬁﬂUﬂ'J'm

Bo.

o o = [ o ; d’
aumadn Tusrandsgadmigail (p>py)

~ o~ | : :
100 o T — e i
Air SFs
3 /
80 |- - =~ / /
g '
= Al

= 60 |- - 4 2 4/
S i }f/ (> B =
= i i ! 40 o

o B me : e Ak-osmm

i : ] : 3 i
3 20 »
R 3 T
20 ; i t—_____
| + —f=d
2 4 6 8 10 12
: — -y
10 30 50 70 szuziiny d(cm)
p (atm)
a) b)

it 2.8 anwnenudeussduliwesfadodaluila$ivosn iy a1 [1]

a) o Idhasiuaue b) It il wersnge

X
2.3.3.3 wavesanurulueimsa

Tumﬂtwm H,0 Tuomaidlufanihavsou ¢ ‘Iuﬂmn"lﬂﬂﬂufmuﬁnamnmEN
mmwuwaatnqmnﬂamu'sqﬂumsnm’muavnnamanﬂmusaﬂu‘lﬂv’lms SUAATY
2.3.3.4 wavesgduuuusadu

uﬁﬁu'Ivlﬁ‘umﬂﬂmfifuadﬁ'uzﬂnﬁ"wmunﬁuﬁqﬁ’mdw‘luzﬂﬁ 29 Huanmnny
ﬁ'uﬁ'uﬁ'uﬂumﬁ’u'lﬂﬂnnsnm’m"“lummﬁ"luﬁfofu‘uan:uzunﬂ‘luﬁmu‘lﬂﬂﬂﬂ
ashuere usaﬁuﬁuﬁaf’fﬁ%ﬂ?}qif‘;mnﬁfimseﬁ'u‘lﬂﬂuuinmaﬂ'ﬁmn usaduihay
nazuansdinusiuuIANNgaga mmm’mmwﬂmwmmmﬁmausaﬂu-u'muvm

yialndifsaiu daussdu IMfhnszuaadunnuingaay 50-60 Hz vxiiausesy i

(3R sl X b IG |
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wanaiwhtuusedu Ifhwsnaninszuansdusesiuermefissosriie sy 150 em

1 D. U 4 1 1 ‘g J
L@ ﬂ$ﬁ1ﬂ')'llﬁﬂ'i&’03‘lfﬂ\1 ANDINMANHVU

Vo (kV)
o 12050 412750
il * i
- 20 4000, c*
2000 DC/ //D

BE W

e
V% e

Bt )

1000

A

500 -
%

\

W

3

=
N
b
o

szuzun d (m)

{ o o a [ y
iz useiuihiusnanivesdidnTasamissuszunluermalumenvesssos d feuse

autlouligiiuusie q fAamazuiasg 1 IEC (760 torr 20°C 11 gH,0/m’) 910 [1]

2.3.3.5 mave st szgmanousanidlWvharsds (wan - ap)

szymafalumm il liaduauegs wafedwsad idhiusnal (v) qendisn

ussduTnlnunGuia (V) wntiazi s sunsnarnivestiuanias sanum iy Usng

n15mwuumﬂﬂuuwﬂunﬂsﬂamu (DC, AC Hazduwad) ua""luﬁum'lﬂﬁw"lnamsﬁuﬂm

!.LU‘]J%J’CT?J?J’M? muﬂmmmauﬂmzum ﬂ"I‘iE]N‘CNU.iQﬂu‘U’J'IJ’JﬂHiBiI‘JﬂUHIJ'IEJﬂﬁ‘U'JLLEQ

AuudinnTnsafidnawinsoaam ihgage

1)

2)

Yaoumausanan :

wavoulszgiaih Iddussdulnlsunsuda (v) vmﬂfqmﬂqq uazAws Iy Indh
wsnand (v,) i Lﬁﬂﬁmsmmmﬂ?aﬂﬁum‘lugﬂﬁ 2.10 a) M3 looe Tumdusui
vShwsey 9 dmuunan Sidnaseumndouiidaiutmue Tuafedmeunays v
nate  aeslesenuiniindeuiidreefueguinimeumamiidnnuniveias
uMauanag mimmm‘%uwﬁﬁmqﬂ’;’mmz'lnmﬁuqaﬂfu Yszqlesouvinminae
unanaifowindmoumanuiy Forivomaduauias lunadeiy
anunseae fhisuduraldidanswsnarniieiy

dnoumavdaay

waveailszgdai i ussdulalsndumin (v) vestaaud uassusedi g

' 3 i )
wsnaad (v) g9 Ui 210 b) UmeunavirauildsdEnaseufidaiionin
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@ & o & = o ag
nszuIums looe luadundouiiges Tuadennunisamu ihé  Silnasou
g a ! : { y
o1mzuuluagaswduiiunaniuelua  dauleseuvanndeuiidudimas lon
¥ Y o q a Y 4 & '
Umounay eedaminlaeumauildanunIvaminaoumaudivgsdu udaumn

1 o [ o J 4 y o 3/ <
svnuvvenszymeiues Tuanduminawedvuilosnnlszedre vnlkusnam

4
unUu :
o8 ol
T §@ o O
% o[ ]
E(x) - N
f hifhlszgina
nlszgia
a) ' b)

31N 2.10 watlse ﬁ]mwmﬂawnmnummmmzau

2.3.3.6 HAVDIWHUANIULIIIAY

i ala 1 1 1 ar J 1 ‘ﬂ' \-:; L)
LLH‘l«Jﬂ'L!'J‘I-!‘]J'Nﬂu‘lf']ﬂlﬁ‘ﬁﬁ)ﬁ']“?ﬂﬂ']ﬁ“uu‘iQﬂumﬁﬂﬂ']'nﬁﬁﬁﬂ‘uu HHNQH'QHU'N'YIFI‘N"[H

-

o Y =) - 1 [l : o = a
il Iiihmasvade fou HALNURIUITIUMSINGoURYEY lopeulszguaniiha
33 ar dl ] Yy . as ]
Yu9nms loos luwduiing Toalilf iy 1 Uszquanessm@ns s nueguuszunuves
UAURUINLNG i Ihsgnhairiunummsdussnusan Tasashuy e i
D‘ =i ar L o 1 s ; 1
AUUTVD VULABINUANWATIATEN IS TR IR NINY9aRaY usmumiﬂﬂnﬁwag
ﬂummaawwewmmmﬁ“luﬁumammua wamuwunu'Jummum‘lﬁﬂmmﬂu'lvhﬂ"l
msﬂﬂnuﬁwu°luﬁu1n"lu's’rmmnamLmnwamﬂuﬂu'luﬁumffmmua waiiazifalunsdiuse
suilu DC, AC w3e suwad Fretranuaniithn 19 luesseils 3 FUAMNIIUANUDN VS
nagouuazANNazaInluNIseRNUU LA
¥
1) W% (Polyvinylchloride : PVC) wumaﬂgﬂsmmﬁ nsauazalaas liazaii

& 3

¥
(3 o = =
1.maﬂBaemmzuwmﬁnzawﬂmﬁtf VA 1ﬂﬁﬂ11&ﬂﬂlﬂﬂu1‘lﬁlﬂ1ulﬂu 60 C llﬂ'l

q

ANuAMUADLI I I ﬂfnué’fmmumswmmmuazﬁqﬂ?mmqa n g

Uszaai 3.8-4.3 71 50 Hz dau g O =0.012-0.15 11 50 Hz 4ag 0.006 — 0.1 71 IMHz
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= a 4 as o o Qs ; b
2) uf Wumseiiuniomes lunwanaan 7ild Tulszansmsvooddmunnudonlda

Y

{ o ' v o o ' 1 '
Usznovdaweenlug sio, idudou masiauiuduring (€) oglugs 3.5 - 9 fimn
[ ' =g - - 1 AE = = o
wasugglmlasianain 0005001 wiidunnfigafinnudd anuno i
4 4 4 a

3000 - 5000 kV/em azaanumdenianilaigamgil 100 °C
{ a8 o - = oo g
3) luf (Mica) Wunpaudifinnunannfhg indsnungadeluledidnasng
i rd "
nuseawiouldd amuusenalda TudiuSaniin 9 e ldfunuas
g lwidludeSunsamvewsndndainavesergiuas Tluamsy muscovite 136

phlogopite AauaalumsIan 2.6

A13191 2.6 Auaniiana Infhwes Muscovite 1iaz Phiogopite

Qmmjﬂﬁ Muscovite Phlogopite
anmnanureisan Tithi 30°c ~ 1000 kV/mm 700 kV/mm
€, 1 kHz-3000 MHz 6-7.5 6-7.5
tg O 0.03 (50Hz) 0.03 (50Hz)

‘ 0.001 (1MHz) (IMHz)

2.4 mathszgnalfanTWlunidann (Finite Element Method : FEV) Tumlviit: [9]
2.4.1 mamisveurvalaywiildans Element)

manwﬂﬂmmwwmsmmwnﬂ Qitiseaniudannnives o ﬁ;mmumuﬁm‘lugﬂw

2.11 (2) FeBammhia © v Tidewidu unsUsznauday 12 Tnua donimidne Infhiay

Ussinumoluddonmife v, uﬁ"zﬁ1nm‘ﬁaﬂuanﬁﬂi~iJwﬁ'nﬂ11ﬂﬁ1mu'lu§ﬁmuﬁnmu 9

AU amflwﬂnm"Mﬂwmmmmumms“lumauwmmaﬂmw (Interelement boundary)

ﬂmauTﬂmhwum116a'usnmmﬁuﬂ‘umﬂtyﬁm‘wsmmmﬂ
N
- Vixy)=2 V(xy) (2.16)
e=l1

P o @ e a o 1
e N n‘flummuaamuwwummmmﬂtgn1qﬂmmmm
sl Wil umsszanas v muluddmnyiiu Polynomial Approximation #7

'amaﬂum'm’h’s"luaatuunzﬂmnmamﬂa

Vi(x,y)=a+bx+cy (2.17)
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approximated
yT  actual boundary y T
------------- ._‘QJ Vealiy.35)
'e ‘
S Valan) yd(ley;‘}
(a) o (c) (d)

U7 2.11 M5Tns 12 TynId 0 Finite Element Method : FEM
a v A& A yil o
(@) vouwailynins (b) m3uvisiuiilymeenitiududes

() My Inualudduwuigdammioy (@) mssadannuidhdaeiu

nalwih v, meluBanmiiiarhiviiy o dauneuenmiify o deuldsaunnizl
" ¥ v
ammdonnnd TavAaauufg e Linear variation 499 V. muluddmuiiudaunsi
al aa '3 1;
2.17 miloudunseus@hau Itfhmelusaunsidununaiweue

E,=—VV,="(ba,+¢cay) (2.18)

2.42 MIMaNMIsUBWARZDAIUN
] ¥ ]
nngUii 2,11 (o) AedRunniiugwigtaundoy shfnaTuit s Tnua 1,2,3 /0 v, v,

o a ~ = o
V, MUEAY NNEANNITN 2.17 9% IdmnTad

(2.19)

UNUA vV, 1Rz x,, y, ileudaunisnian a, b, o iferh lunu luaunsd 2,17 swazdva'ld

WnnnInetinus ameiinasiueauelu 9]

3
Vo= au(xy )V, (2.20)
i=l

A = o as = = ' = 2 o ey
o o Ao Henvumsdssmamolunuu@ady 139171 Element shape function SIUAAULA

Li=j
s (2.21) a.

ar’(xj’_yj)={0 I#_]
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Za (x,y)=] (2.21)b.

i=1

@ o do

af ' A 1 ‘;
WANNTUABH UIHUUA NN TINTUNUS ﬂ‘UElﬁuJ‘Ll“ﬂeﬂﬂ

¢

W =%I&:

=2 1 2
E ‘a’S == [elvv.[as 2.22)

QE’Q

maaum?wmmmmﬂmnﬂuanymu 2 AT luiidszydase (pg =0) udvinaums

'YI 2.20 WU

VW, = ZV va, (2.23)

unuaumsn 2.23 1w 2.22 14

: 7, =%iie .| Ve, vaask, (2.24)

o ldmeyluradudly
i’ = [Vo,Va,d8 (2.25)

— = ' a  da
aumsi 2.24 veweueglugiveuuningne

-—s[V e (2.26)
Ve
il ' v.]=|7.
Ves
o o o
(as [CW]: cY e e

C3(It‘) C(e) C(c)
wain [CY] Guniwuadnddunlszanived s (Stiffess matrix) TNFNUAALA7
wmmﬁvmnmiqu.,wminua i uag j wazideamsmmmndnudazda8198191n [9]
‘Imnwumummnﬁnms 1225
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aa ¢ o at
2.4.3 massmpanunidluveuvave silaymauda

@ W

- [ P o 9/ a aa e
1A 2.11 (d) wasnunduiusinedesiunmsswdawuviie

N
1
W= ZI:W = Es[Ve]T[CIV] (2.27)
4
o vl=|" (2.28)
V.

n a1 Tnue, Ndfuswandfumst uay [C] Boa1 Global coefficient matrix Ao
3734 Element coefficient matrix mﬁﬁ"naﬁ’u Lﬁﬂﬁ%ﬂ Global coefficient matrix ﬁ"J’t'JtiNg‘lJﬁ 241
(d) 11T lurigannvinm (Finite element mesh) #91)s2noud083m 3 51 Tnue 12,34

P ' 2
ua 5 ({Ju global node tinz Tnua isjk oA Local node B4a0 Tvun 1-3:3 A152U I1UA Local

o @ =Y o = a dn sy o q’: st = o &£ A ar

aa:am111uwﬁmuwnmwnjwuﬂmTwua“lm"M ANUUITMSEa RIS ea Ny
1 aa da 9 gy ¢ £ " as ] P
WU 9L UNY 3 ﬂﬁ)nl‘h' 4-3-5 VU 3-4-5 ﬂ]lﬂ Global coefficient matrix maqmamﬂugﬂn 211

(d) fio

NCACH4a s Cic7€s |
G Cy Gy Cyy Cy
[C]= G GGy Lo Cy (2.29)
Ci i€~ Cqi Cyy Cys
Co G5 Cy €5 Cy

E
a

dhunnind 5xs oswngilit 2.11 (@) Inemua s Thua @=5) foewin c, Wumssug
sen91vua i uag Tvua j i1 ¢; mlAnndemionfeiiin manszarovesinen Inihdosiia
AeIfiDInanA Interelement boundary 8eAtlszneu i, j 1a qlu [C] Funnann 9 SN
Tnue ij Are8199U

Cy=Cl) +ct¥ (2.30) a.
1 aa d ] u’:
dauTnua 2 Auvesdawus 1wy

Cy =CY/ (2.30) b.
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dio luinms fugiuausenieInue 2 uas 3
C23 = C32 = 0 (2.30) C.
¥ 4 =
viuguiiaerioaitly 921 Global coefficient matrix Tugaii 2.11 (d) Ao
= l 5
C!(IU C(2) C](]:‘U C(lf C( J +CI(32) 0
R o 0 & by 0
[cl=| @ g Cch Cl T oiael T g (2.31)
C_ﬁf 3 C:(IZJ C(U C(2) e (U C(l) “ C3(32) & CS(;) C(3)
0 0 ch Chs. cL

AuauAues [C] dnede i
“ 's
L dhusFndmnnag (C=C)

2

Wilou Element coefficient matrix

C, = 0 dioliiinsTugues i ung j uaasdt nIdiHoARMTEIS 1NN 9 [C] 3zan

& = ) %1
V9auiteanmanmy o Suniy

il Singular (del =0)

2.4.4 MIUNFZVVTUM IOV IHAGNS
@uN5 Laplace’s 9¢@10150MIMN
Tymiiinsandaniooiga msm

Triuaez ldn

g

quUNISN 2.33 1{‘luﬂumse’fm§'mqn qlnuak=12,..,

VT =l 7.7, ] 18 55mii 2 3540

= . ¥ & @ a0
nevfieanded ldiondsasuiegmeluveumaves

Partial derivatives 1 W _ifisudvafna Infhinn

iy i e

ov, v, av,

O o dbk=10n 2.32)
ov,

0= ZVC,,, (2.33)

i=]

n L‘]Wlﬁ"lﬁﬁ]'ﬂ‘llBQﬁuﬂ'liﬂ1N'lifm'lfh'ﬂ‘€N

Iteration method 1102 Band matrix method 910 [9]
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d

2.5 szuulWihuaseriiag (Photovoltaic system)

= ¥ o 2 A o o =

nmenash [35] dinrusiiuiosveandanuiaeauafis (Green energy) azHanITNY

A < a 4 v 4 4 4 a TR
osninmaiumsaaanszud Wi Tmainntudnluswian dedusy dunsa
(Acid rain) w30 Usngmisalifounszan (Green house effect) wWalumIfinddneg lundany
a o ° o " 'y a I U s P It =
v s i 1§ lmi1d Renewable) a2eoriindoundamdsaniingfigaveslan wan
Wunszuainih18laolFmaves IMfhuaseriing (Photovoltaic effect) Haymadiugilassadifsy

4 ¥ '
huilsgiufesssenlss@ninmmslasgndsaunaza ¥ olududuvesmsSudussa
wieannszmsInseglhuvaduguigastumnzudns19ss0 IWfhuasering 11wazdoalas

1 L 2 - o J
geveaszuy IWH A ee1iind (Photovoltaic system) 3aail

2.5.1 UMAIWAINUUAIOINAL (Solar resource)

niseenuuusEuy Iiuaseriiagiiilfondniidesinsandeudadu@enidssuy v
fuaserfindie aowiiss :ﬁ'ﬂwmsmn’ma'"Nmﬂﬁ'nnwmmamﬁmﬁﬁ’nfuu?nmﬁmmz
mnuAmsimas s iadinldfeuTonidsihds i ldemsans g M
ANUAIY (radiant) AD WSmmmdsen i fiannsenuyiidivig NANSTF9AIANY
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nn (361 Mitimineih kw-wm? ﬂ"ﬁﬂﬁﬁufﬂmﬁuﬂﬂqaqﬂ (peak sun hours) Fafie
s‘hum%"ﬂmﬁai‘uﬁgqfhﬂ'nnﬁ'hwmmqmﬁmf MY 1000 W/m® a9z ‘lﬂwmnuﬂ“mm
MY 'ufmavmn1sa0amw~umsmammuuﬂni‘lumanammu muumaqqmmﬂauu'lﬂm
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3) EVA : Ethylene-Vinyl Acetate tAfouaanuamdunaziuazessgniaadiag
- 4
Mad
4) mowa'laTen (By pass diode) AonsonszuIuwadiasaniad 2 unatloafunszna
- ar 4 : ﬁi 1 '
VIANNDT NTBINATIUMAa laaaniurasiuszidouanineinuvasswnany
9
AuTnasiud  aszualiawnse lvadugadmivld  viewalaleagas s
I v
nsztenlasunriuma laTeaunuTas liruaamiv - dnyuenisaonaznisdiay
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o nvb . = ' v '3 a Jdo o
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3.2 Hanns
[ - o a a @ e a n’a’ & W ' =
marle TyuAsMaMinAINMITuAINUYEILDNTIIU 3 a0l TUABUMTHARAINA 1 THLNN
2 fiedeatloundsnunnmeuenidrlnszduliiaeendiou (Oxygen gas : 0,(g) nanius:
- =3 ol s é e s
pemiluezaoudaszueteendiou (0) idrermndudy o, nmeiu 0, FmAsnuiuszues o,
@ ' O & et A o 9o oot ' o P d v o
fegnd1 0, N WudensERIMsuwdsuliiuszuuAl 0, ef winwidivadniesnay
o a [ : 1 = a: a
annsoild o, amedld AviuluszuudahinsRanimfeuiuneluundlenmnninn il
@ ARuTeuRnaiiasnInnITIusaa1liTudu
Mnund 2 iduldeszaundsauveseandioulugii 2.3 naaslfidiuinlunsndale Tauiy
dmundsauisuiludesldmaniife 493.2 ki/mol —682.8 kKJfmol [4] n3zuiunsnilainiiienin
a ] - 13 o o = P!
mol [HuiTuas wnms [36] pNIMNYANTINYRINIF lumanll mMylugauad (Ideal gas) Ty
ineuiuganaz hiflussnszdhdaiu 1 Iwavesialugauad@ondunnuduiuiGonauns

& - - - o 8-\ @ o
maluaun1sN 3.1 18 a e 91w Tua Aauvidy
INNYVBING (Gas law) PV =nRT (3.1)

UAMFI3 (Real gas) wud Tuanaiaiivitatazisenszssenin Tanaiuiss Van der Walls
&4 o ek wa ' a
Favna Tuananazizanszhiluguamidmngueshsuaazyia auns aedsznuveaie

v3agminaue 1ag Van der Walls Al

auMSHINABNAT (Van der Walls) [P + f?»}(ﬁ" ~b)=RE (3.2)

Tuaunsd 3.1 uaz 3.2 VAo 15145 M9 m’
P B AUAUTIOIN A P =101:58%10° Pascal

n 79 919 Tva

1 1 Pt - 4
R 9 AN R=gijd3 L0-m
kmol - K

@3 a az b luaunsi 3.2 Aesashaunsom Idonaunisi 3.1 fannzingdiie Aguugi

INYA (T,) 1AZANMAUINGA (P.) YBI0DNFIIURAD T, = 154.6 K 119¢ P = 5043 kPa
37 RETE
g O = 13RO
647,

_RT.

h =0.3018

-
HNUA a ag b aaluaunisn 3.2

138218
VZ

(101.5x103+ J(Vf0.0318) = 8314.3x300 = 2,494,290
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G sk gy a4 & 8314.3 %300
FITUWUTAUaUMIN 3.1 9 n=1 T i du L VL, B T

101.5x10°
1435 Trial and error 11o1a31128 mol 1 US1as

NAABIUNUATV = 24.57; 2494290 < (101728.96)(24.5382) = 2496246
NAADINUATV = 24.5 : 2494290 > (101730)(24.4682) = 2489149
NANDINUATV = 24.6 ; 2494290 < (101728)(24.5682) = 2499273
NANBIUNUAT V = 24.55; 2494290 = (101729)(24.518) = 2494212

. 1P=101.5 kPa, T=300K 18 V = 24.55 m’/kmol

'
oA

HUAD 1 mol = 0.02455 m’ Tavilszanm
fofu 4932Kkmol = 20089.61 ki
682.8 kJ/mol-= 27812.63 kl/im'

idfe 17=2.78 X 10" Wh
Fuiudnmssonuiisuiudeddie 5.58 kKWhim'-7.73 kWhim’ waiiisn e mailoendioueg
Taoulszanm 21% saviudmfoundaidernmsiiuded Fae 1172 kWhin' = 162 kWhn® $9
Miganesonisina 1o Tau luinal

TunsesnuuumidnTase misgiliea Tibunn Limhmeifisiseneendu 2 nuude
uuuamennaunuIEHIYy (Pont-to-plang) AUMYLNIINTZUDAMAUI AN (Coaxial-cylindrical) Tay
i’@rqﬂnﬂaﬁ%ﬁ’uﬁmmnmﬁ%’w‘lﬂmumnhhuwﬁnﬁﬂmnﬂmmmauﬁau uAa9adAnEINI0eN
npudidnTasafiduiutiunalnnsfalasanns omwaieu lvveedndsmehiilg  ilos
nnnsfnnamasyndavesdinTasaaemai Iden - duintuaeunis Hesadeaddy
nnmananesasaTelsuandidn Tasadatsuiaunsududigniseamuudasaiinlasanss

ASZUBNLAUTINATNAIAY

<
3.3 MsuAzHUSanalelau (Ozone analysis) [A1AKYIN A]
¥ ' v ¥
Tuadideinden1935manil nanmsae I¥msazarefifalfisonduleoTey luniildms
=t "o J o o
azawluamdenleTelaa (k1) Mldldmslminavy awsanlSnaTelanld Tasins

[ § v aa o s
lawsatumsazarefidud$@sd wu Tmdon'lsTedanla (Na,s,0,) Hudy

3.3.1 MEasemiSnalelau
=
- [ARFILEY]
1. msazareTduamdenlaTalag 2 % Ki)

L '
azaw Ki 20 g Tuwviwnau 1L o luviadie 1 funewinnld
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2. mIazaenindayin (H,80,)

3. msazmeTudon nTedama (IN Na,S,0,)
Az010 Na,$,0,°5H,0 113U 25 g T L

4. viwls (1% Starch)

azatoutl 1 g i 1WiY5ues 100 mL

332 Puneumsinney
1. msgaduiiesTeTau (Absorption) FuMasinganaassasluyIaglsuvua 250 mL
fifiasazate K1 Us5904 100.mE
2. mislamsa (Titation) sasazanei Idninde. 1 (msavatei ldvddmasamiodu)
@ IN H,50, 3 ml ften5um pi v lamsaiydisagais 0.1'N Na,S,0, sudimdes
fov 4 1l iaaan Indiegegd) Finiuth 1 mL (HisuRnmes) msazaoe:
noriufiniu s ninsade sumhiuonel] Tutiasves 0.1 N Na,8,0, fi

Idmei lldnamdsunaTa Teuas T

2 : o - '
WU ASHN 1 F0 eI UIUMIINUBEN TN ARSI Blank test 1o
UsmaTelsumiieielas psnueimariaduazazats K1 100 mL sivlihdunse @y
¥ [l
vl uag lamsnulsiu Te lyunileglueina
Upnisunininavune

- msgaduieTeulaeldarsazain Ki

09+ 2KI + H,O05 05 + 1, +2KQH (3.3)
- mslamsaTlag]d 0.1 NNas,0;

I, +2Na,S,0, - 2Nal + Na,S,0, (3.4)

- adulsuTe Tau

MINANMFNAUT 0.1 N Na,8,0, 1 mL 2.4 mgO,
s v o L] PP 9 & - 11
MedumsAnurunIanly 0.1 N Na,s,0, Tunislamsa 400 mL e USuraia
Telounndn 1dszm 096 go, fludu wiensdilFTmumumlugaveadiniia

uppleTe Tawasanannsndild aumsnldlumsdaunn (manuan a)



6. WawTolouit I&ithalSinaiiatilugs s 1 Smiseihi mgo /s min
g ety mgo,/s min Taevsdae 10
il naniiu mgomr Tnugaiat mgo,/s min #20 12
il nnauilu mgo, W-h Taov1s mgo /hr &2 fds Infduwn

- BEFORE

31t 3.3 Bvoseasazarw KI Aeuinljnseuazndai §asendule Tau
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3.4 ﬂ"li‘l'lﬂﬂﬂ\‘l!‘ﬁi’]ﬁﬂﬂnmzﬂﬂﬂ!lﬂﬂalﬁﬂiﬂiﬂ
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" a a d o 1 1 o
M3197 3.1 HamsnaTouMInda Toloudiounsdian Insantiau thguireaaiy

jUmvmnaldhvesdidnlnsa | Gap kV. | mA| W | mgO/h | mgO/W-h
(cm.)

dianTasamnuvifhesivewoge | 10 | 241 | 015 | 362 | o003 0.008

(521

sidnlasamnuIf Wiaduawe | 1.0 183 | 06 | 1098 | 0.2 0.011

dnieu (duain)

didnTasamunuIf Wadueus | 1.0 182/ /1 12 | ThedNy 2.04 0.129
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Z.

WivuiisudnuaizdianlnsatinsiaBsaasanumuiningadaoumaysiaiu
=Y 1 A 1 Qr 4 L) Q’:

anuansoluniseaalelausonilaniendsnuilFvesdanlnsai 4 uuy

N3zozuni 0.5 om,, 1 cm. 02 1.5 emASUaimanaa lo lyuumnaatuetiels
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Point-to-plane Arrangement Effect
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Joului 3 anuduiusseneszozunlonauaznanan To Tauilddonusonsasy

Discharge Gap Thickness Effect on Ozone Yield
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DC Polarity Effect on Ozone Yield
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3.4.2.2 M3fAnYIHAVRIA BN AUTZADN (Ripple frequency) ¥eaussau lvlvhnszuanss
Tumanquidaueasluumii 2 dmsvany fhuudasumansuszuy Talaund
Aadieiiga (Fussdulrifhuands v, diqe) waswsnarfon @ v, qage) dadu i
s sdugenszuansaiaay Tldihus sWumareuiiiodnuinavesnamdvesgl

o/ A‘iﬂl 1 =Y
dyruninenmanan lo Tau

minaneaii 3 navesnnwanauszaendomananTo Tau
nagounfssumsuanuanioluniseialo Teuvesdian lasatarsunaviuszuiy

synhamdstoussduganszuamse 2 sia Sipldganaiinnuidieiy Taotuduee

Ansaussi Ifhassiassnaudowiosnnnmimanesii 1 waz 2 AINAINDUAY

- undanie i siugenssuanselufonl §iRmsel (i wdnauszasn 50 Hz)

- undavieihussdugenssiaaseiiadeninases Tnatmi ae st ammouun

dudniadaussdugs (anuBaauszaen 15 kHz) nanasaanaaslugilii 3.11

yadian InsailFlumanasoudhumnlnsimauiusz i wiswlamawiuaild
G 4 3
auAe vilouasadiaus sduqe TLF 14610 B14 dsannsoadaussduTihnszuanss

:’ d‘ d' vﬂ o T ﬂl d‘l
VIAY 8 kV. ANUDARUIEADN 15 kHz MUUNVUHANNTNIATFIHANUDAAUTZAON 50 Hz

: @ PUSH-PULL
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pan1Maaed 3 wavesmwdgUdyapassduszaen fhusagenszuansdenisnan

ToTaou

. v ¥
a15199 3.2 Usinamasnun ¥ lumsadaTe Toyuvoanassnony 2 uuu (8]

Power Supply' Watts mgO,/h mg0O,/W-h
DC HV ripple frequency 50 Hz 248.4 16.128 0.065
DC HV ripple frequency 15 kHz 22.8 14.112 0.619

3.4.3 DIANIMIAUDUNTINTZUDNAOHUN W IIN
mseenuuudidnlasnginsinszuandounnus T INIIIAININNTEB NILLTATIMING
M (Optimum dimension) ¥o33 7l r, 1ng v, PINUANMITIEIAUBTUINT 2 (E, ) 2V, ) 1
4 ) [ s ; & 4
TumseonuuuinFesniale Tsundnnizezasadwie deenslfussdud (v, defe v) e
= = P | g9 ar ar : 3 &8 5 o 4'
afrnuRieaga (E) suillomenzhlioinaiands asiulutududsimsdiuioaie
Af 1 A o 9 4 (7 |
panuuudasduney - aaidmualiiudon luasdalumseesniuufesaiinganszusnuen
4'( 'é a o T $ -5 = o . O ﬁ (]
(r,) fipsninnssnszuanueniifunsndiinntemaman FeianiInanvuIadusn
quinaaiinialungasmnssusmandunianuin miudeniiavemsenszueneziiied
i .
MSEOALLIY LRI 2 FUAIY TIABUABINTINTZUDNUDN AUIUVDIVAALNITINTZUBN
wludimurauiy Wianundvuesgesinee nannnd 1 umdnifos Tuuneforiudes
TtihunnunseananassuuTNNYTeIINeIMANA 1IR30 113111 Optimum dimension design
o e ’ J
ulszgnaldtagminatedas Tyl
3.4.3.1 M315zgnAld Optimum dimension design 1N 1500
d'l. s:' A = o Ly | -t
Jou luoenuuuienlidmnlasarsueniaiiy =1.42 uag 234 cm. [MARUINAISIEA
o e + g - = [ s .:i 9/
A-1] dnnuimnnuinseamuil Midngauandd B = 31 kV/em ussdunaaeuild

fuaufe 5 kv 9naunsi 2.13 luuni 2

7
210 ek why ae

.
n In "2
B

oy Vy =Ey-nIn2
A
HANIAIUINAIY MATLAB taasns mamdiniuives E uaz v, Aindasidiuved /i,

¥ 4
Aaud 089 1 1Adag191 3.12 - 3.13 Taounu x uimudaoa r,

i LTI
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1. Seiidian Insaaauen r, = 1.42 cm.

Fix Outer Cylinder Radius 1.42 cm.
120
ok
100 11 ........... esimsansasns susnnm ssesmmsmn )
|
80 \ ------------------------------------------------
= |
= BO o s e v v v i v in e s T e . n . nw e gy s s s e e e e
E wia
“ I!l‘ ]
e NN L L L T R N e
40 -4 - *il"' /,
- .,’
20 1-F - - !‘.I.._-: .......................... l‘-’ ......
L g RN = E 0 5
0 rIIIfllllll—ll[lllllllllll[ilillll
0.04.-004 007 01 026 04 055 07 085 1 14513
Iy (em.)

(4

U 3.2 A ss s E uag v, iiedir, Ta 9 dlo r, = 1.42 cm.

o ad
2. iriiBian IngAI9un 1, =2.34 em.

Fix Outer Cylinder Radius 2.34 cr.

100

x 1000

LSRR LB L R B B A B B R U N S s N i I R e BN A B R 0 B A R TR B I G B Ew fm Om B B

01 005 0083 02 04 06 03 1 12 I 153 18 2 22

rq(em.)

o

a @ o d ' - = A
U0 3.3 anwduiussendne E uaz v, Wsei 1, 1a 9 o r, = 2.34 om,
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3.4.3.2 madnnaminszagvessunvlihandidninsatiesnuuy

931 3.12 - 3.13 SufiminsaudemswanTo Tou (v, & Tuvaigdi E, g fo r,
IAnieumn 9 (#uada) Aelassadndidnlasauuuiduatafunsanazuen wie r, fim
wnlndifies r, fie TnseadedidnTasauvumsenszuendounnusn nsduihuduaie
dnwazmanszaiovesmuw ihnnduadalufedidnTasafidunsiduaasdegli
3.14 Guilumamssnnunnaumsi 213 Tuund 2 dandndedu usantew IWihily
lumsdnnufe s kv

ﬁm's"fuTﬂsaﬁ%Haé‘nﬁﬂimﬂuuumamzmncﬁauunuﬁm ilosnndfimnzauilda

(] 9/ 9 Y 7 " 1 éqd‘ - o
@ r/r, 1 1nd 1 i lianunhereriemeuauinn 9 33014 lumseenuuvde 1h

" '
S )

¥ 0 "
AU 2 Funliningi lasaaasnd i ldmudmaninioaauiy Wi finnasew

vinumuuiimmhdmnihliidnnunisesuntth B il dniuns
¥
AurudwaRnsannsed190dn Insansnszuenunus 2 LNURe LUURUINTY

3
RuaRzIIURNAY 2 ¥ mInseneaun Indhateluawauaunsesiuon 1o naunis

g e W
Xl & 2 (3.5)
Y. ¢
r.e | e in= +e, in+
r 7
pamamuy N1nszeew IMdinelusesnesesuedianlasa

L

L. Tnsead1edidan Tnsauuundundnfuniinssuen (Wire-to-cylinder)

Wire (r1 = 0,005 mm.) to Cylinder

T ) e, Wy S P SIS | e o —4-r2=234

kV/em.

0.01 0.01 0.03 0.05 0.07 0.09 0.2 04 06 08 1 Y2 14 1618 2 232
r (cm.)

3N 3.14 dnwazmsnsznevesau thaniduaia ldmssnszueniifiuns g
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2. Tassadeomn InsauuunsInssuendouunus
a -1
2.1 B1n1A3A29 10 r,= 1.09 cm, 29UBA r,= 1.42 em. AUIMVDITINUA (r,-r,)=0.13 cm

Electric Field Configuration in GLASS/AIR

E

e

=

=
—&=E(l layer)
—8—E(2 layer)

0 Ta F 1 5 17T T80 Vi J5 -1 31 - i -datat § I3 T3 T T il 1
1.1 193 1.15 117 1.40.1.21)1.231.25 /1,27, 1.29/1.31'133-4.35 1.37 1.39 1.41

Radius (cm)

U1 3.15 dnumemsnsznovesaunn liihnnnsenszenlu ldmsanszvenueniitlunsad

o T, =1.09, r,= 1.22 (0% 1, = 1.42 cm. Mniinuauduimiveswdis € = 8

2.2 BanTnsaralusaT 1.9 cm, 2910 2.34 em. AUIAVOITIVIY 0.2 cm

Electric Field Configuration in PVC/AIR

kV/cm.

—&—E ( 1 layer) | 1
"""""""""""""""""""""""" —8—E ( 2layer)

0 [llllllIll.[llllllllllllllllllllllllllllllllll

1,93 106 189 202 206 208 211 214 24T 22 293 926 7224 232

1.9
Radius (cm)

3N 3.16 dnvazmsnsznwvosaun ihoiansanszuenlu luSmssnszuenueniidunsiog

4 ' =t @ o o o
0 1, = 1.9, 1, = 2.1 48 r, = 2.34 cm. MnfiRuIUFINTvewda € = 5
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3.4.3.3 MI0anuuUIATIa31901An IATANUUNITINTL VNI AN
o | V) ad
pnwamsianlude 3.4.3.1-3.4.3.2 Fivlumsdaduludonsenuuudian lnsauuy
NIINTZVONUNUI IHENAToUMIHAn To Tou  TasuuirAanlaaethauiu vihonlnss
Y =ad cg L a4 = &~ o =t
a$1avian Tnsauuunauiy 2 ¥uinly awiuvesudsnaunsameniihmanou Tasiivuia
9/ = - | et 9/ fg]l Af = [
NNYATIMNITUAINABINS 3 tiade #3F Tufm uaz uda Nugwumsesnuuutandn
mMsvedmsiiagavnteginndaaiessnuuunazliuljalsedninindendn
v

o 9

w "W ad
ms Ifhussgalunmends  duduvesmsesnuuulunisiaguszmsdamsadididnlnsa

o ﬂly 1

Al

1. danlasa 1 3Ui1amsenszvendouunusan faiiaiolu 1.9 cm. Sadiniwuon 2.34 cm.
AMUHUIRUILYBIA 0.2 cm. ANWHUINUINDINIA0.24 cm. AUV 1FAD

1 ¥

PVC (€, = 5) U0¢ Mica (€, = 7) 00UV LIABNATOUNGUANUFTHYOINTHAA 10 o

2. dianTase 11 jU5amsansguendeuinus i Safin1olu 1.09 cm3afiniouon 1.42 em.
AMYMUIRUINYDINS 0.13 em. AIWMUIRUINBING 0.2 cm. RUILVDIUTIN 1FRe
Pyrex glass (€= 8) ponuuNMeY 1 ulszdnsnmnmisnin lo lyuTaoldndnms
119 Irlus suga

4 =1
3.4.3.4 MNUsInITRAMUUBIENTNSA T taz II

nangefinerivwdsnuienaniy 32 lumaalidimwdaunduiiudodldlums

¥
=) 1 @ (Y

o ! @ o c# o= ~ el 1
LANW uwﬁwnummmmaanmmu ‘lﬁtmm‘ﬁuﬂzmauaaﬂmmu OISADATNAIINIUAILA

g dd & P o
1.172 - 1.62 kWh/m’ ‘uu"hli]mTﬂ‘Nﬁ%ﬁamaﬂiznaﬂLmmmummuﬂmﬁﬂguﬁmmﬁ

e i R e — 100cm —

== _oidln ) = 900m ———

e ———— ke Al4T0om ——
dianlnsa 1 danlasa 11

110 3.17 nmdavnanaasdumisnnunivaau Iihqegavosdion Tasa 1 uaz 1
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. @nlAsa T (r, =19 cm,r,=2.1 cm.,r,=2.34 cm.) 17 30 cm.
suasemanieluunilae n (r32 -1 )xl =n (0. 0234* —0.021° )x 0.3
=10.04x10”° m’=100.43 cm’

gIuNaIY 1.172x10°x10.04x107° = 0.1177 W-h

=

04 1.62x10°x10x10° = 0.162 W-h Taviszunm

wasnulumsnaanaissnnmny Wi £ awnsonldein

L Copd
W< [eE?ay (3.6)
) Pl
gl
E = 20. 1_177) =16.27 kV/em
(8.854x1072)100.43)

# 2(0.162)
- V(8.854x102)100.43)

' (16.27x103X2.1(51n%§{1+1n %51)
& By =16.27 kViem. V= : '

=19.088 kV/cm

5
= 4362 kV

(19.088x10° 2. 1{51n3'§i+1nﬂ]
. A "o

M Ey =19088 kVem V=

5

fuudmividnlaa 1 dnssduiiogludinandafie 4.362 - 5.135 kv thuaum

Tih19Ae 16.215 - 19.088 kV/em G1UWA1MAD 0.117 0.162 W-h

. didnlasah I ‘ (r, = 1.09 cm., 1, = 1.22 cm., 1, = 1.42 cm.) 77 12 cm.

USinasemameluunfe = (2 -2 Jx1 == (0.01422 ~0.0122?)x0.12
=1.99x107° m’=19.9 em’

NIy 1.172x10°x1.99x10° = 0.023 W-h

f9 L62x10°x1.99x10° = 0.032 W-h Taolszana
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e Ifhiduiudedldde £ = 2(0'0?13) = 16.158 kV/em
(8.854x107219.9)
8 oo ROEE s avies
(8.854x1072f19.9)
f E,,, =16.158 kV/em,
(16.158x103X1.22(51n%§ +ln%]
V= : 7 = 3438 kV
5
1 E,,, =19.058 kV/cm
(19.058x103X1.22(51n:';§ +in ;3';’]
V= AN OB 2/ = 4055 kV

Fofudmsudidninsa I onus siuflegludnniswinde 3.438 - 4055 kv Suall

#1197 16.158 - 19,058 kV/em 1umdsanfe 0,023 -0.032 W-h
TnsaadavesdidnTnsadaduialaasadunts ToTsuduiufaiinnuanialy

msnlfisoneudisgaums sy fnnuddatudeeiagininndonludiidenls

veoaauad taganmily #1 Tud uas uda Pyrex

: a | A
311 3.18 Taseadedian Insansanszuenunusiuiiesnuuuienadeoy
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dianTnsafieonuuugminnmageuodnmileioa q Ailwadems wanleTou dou
d‘ o - J’
lumisnaasan Mvuaiiaail
3/ =t a daa o L [
- M3 1952Dov 5 I 1undamuy (Finite element method: FEM) %20 lunisesnuuy
aAnyINsnsznevesauy Iihuaswasnunieluundeinsa
. ¥
- Anvanuuanaesgnandanutissnnaun It e luundauausudeuas
v
AU 2 HU
- i a J i a o i H
- Anpuwr umsndeundaiifevudloriavesnuinvewdei 19 asuuas )
- finyNavesrtausIdun 1Fsznaus eu I nszuaaswazus s dhnssue
aduniaennumuse lumsuiale lauvosean lnsa

- d'. ar d' 9w n#‘ o
- finyravesn Do s nunileuliduniowwan 1o Tay

3.5 M319 W lundamum (FEM) ¥2800nuuus@nlnsansainszuendounnusu

M3 AATILHRUIUT U URDYTEM 19BN 1A ARAY FEM (Finite element method) 11190y

lumsfnuieanidlu 3 Goulvne

Anpuauiiiaaunima i lulsssadhasznhedidinlasansanssuendonunusa

- = = o 1 & a oo = 4
Nﬁﬂ531’11“119\‘1'i]']ﬂﬂ'l'.iLﬂﬁﬂuuﬂﬁﬁ‘ﬁuﬁ‘ﬂ‘ilﬂﬂu']u‘llﬂ'ﬂu‘uﬂ (ﬂ'lﬂ‘l‘nllﬁﬂlﬂﬂﬂﬁﬂ €) aamansze

yoaauy Il

HANTENUIINAMUHUITBRUIUNReN 19

§ o
g - L

I luvigaunn (Finite clement method: FEM) gniunldlumisuilmesselumsesnuuy

Inseardevesdianlnsanssnszuenunisan laoianinisnsznevesseduisssuiteon, auw

Tihiudazyameluunomsuaswdanuinadssnnmny i aumsiiun i 2

] b
auag himilafawaves)szyda (P, = 0) 39319 t@asdRuTuUmMshauvea Tsunsy Taw

- a o a g : =t n’: n‘:
HUINDITNBIaN 1n3A [ uag Banlasa 11 19 2 NTHAD NSHRUIY 1 FU AL 2 T4

§ 3 & & [ dawmama
GHIGITIRHITY TWsunsuudnon - Potential
In3124i078 FEM | #8 FEM - Electric field
K. > - J \____- Energy

3N 3.19 ddumshamveaTlsunsusnaas Sns1ziaads W lusisaumst
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3.5.1 AmngaeaAdu)smelviihludidnlnsansanszuendeuunusan
Fumewii 1 msmisveuwailamesniudanmddes
Tnseadha didnlasa 1 Ao (= 1.9cm, r, = 2.1 cm, r, = 2.34 cm.) NsanszUEnI Ty
weviag $a5 1.9 cm. Audrenuauvewds 735 wie Tudh wun 02 cm. uazemAIN
0.24 cm. n3ensUBNIMenihuaRaasail 234 cm.
Tnsaahs 8idnTasa 11 Ao (r, = 1.09 om, 1, = 1.22 em, 1, = 1.42 cm.) N3ensTVEN U
Shuanuaasedl 1.09 cmAudroaurvewduihugs v 0.13 em. uazemmin 02

cm. N3NTZUBNIUBNITIAAMANT AN 1.42 cm.

A = L) v
vouwailgmininsafeuinunuiuneluanlssnaimsnszuenisuenuazaelu

=y L] A’ P = 1A o v aa J
ummvmi}tywnzgnumaami']uwmumnumsummnmu'n !Iﬁﬂzﬂi\mﬂﬂﬂ!zﬂﬂﬂ#‘lﬂ

» 3 ]
Trua (Node) 3 Truafiotiauma 3 vessunvdoudsonstug

a) 8180 1939 1 816nodes, 1100elements b) 8ian1AsA II 816 nodes, 1500 elements

31 3.20 manisdanuanoluunilsgniieddin Tasavesdidn Tnsa Tuas 11

a) B1an Iasa 1 b) sianlasa 11

‘ -y J -
usundou il maneulumsiaesde I hnisannniezgatlondn i Tnuauinamss
aszuenaaly  Taol¥TwumuSnamsenszuenisuendiunsnd  wamsdnaudan

-y 1 o 1 J
Tusunsu I luidanum naasluginsmianousdsde il
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3.5.2 MItaadnan1 A IHINYed FEM
3.5.2.1 nInszoievesszaunsesuazmnufhmelunliznhdidningg

ad @
Bnlasal(r, =19,r,=2.1uag r, = 2.34 cm.) UTIAUNATDY 5.14 kV Voltage

a) MINTLNBYBITTAVLT IHUMeTuseNAUITNI1BEan 1A T uULNTINsSUonFoULNUI Y

Dielectric Configuration Effect on Field Distribution

meesessnesncssscsasaip e timede s e cnssssncaaiBesilleenenscenssw

kV/em
=

—&—E (1 layer dielectric)
—8—E (2 layer dielectric)

Ll T L} T T T T L T

192 1.06 2 204 208 212 216 22 224 228 232

b anvuzmsnsevesauy Iihneluddn lasani Inssadenuiusefy

Ui 321 mansdnnamsnsznevesnsstuayau ihneludidnTasa 1



28n1A3a 11 (r, = 1.09, r,= 1.22 40¢ 1, = 1.42 cm.) U3 9AUNATOY 4KV

a) ATINTEVIBVRITEAULSIT UM uYpIIL IR A Tas e IT LuBMS RIS BB ATEUNUS Y

Dielectric Configuration Effect on Field Distribution

EE

------

kV/em

M Pencccncosovecocncfonce e ee st B e WEtsoaniilieccenannnnnmens

——E (1 layer diclectric)
—8—E (2 layer dielectric)

L] L] A L] L] L]

Li L g L L L 5 Ll L] ¥

1.09 1116 1.142 1.168 1.184 122 124 126 128 1.3 132 134 136 138

14 142
Radius (¢mi)

o - d . o
b) anuurmMsnsznevesmny e luddn Tasani Inssadenuiudreiy

11 3.22 manudnnumansgneveans wunaren fhneludidnlase o
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3.5.2.2. iemveasuiioannawy IWiineludidn lnsa

Bilgusr Ho. 4
B B Wedow. fo

S 1 iy a e

05

: = 4 " L a oo
Ui 3.23 fiemaduusadissnauns s lugessenididn lase

= o ' o P v - o
13190 3.3 Ham s Ay A nae wa 1 NS Fids 9 lurosBaniage 1

Fail : dranlasa 1
(cm) TR (mﬁm) QUEBIT (®IN9 + 1N 1)
E (kV/em) W(W-h) E (kV/cm) W (W-h)

1.92 12.8 0.072 4.17 0.0077
1.96 12.6 0.071 4.09 0.0074
2.00 123 0.067 4.00 0.0071
2.04 12.1 0.065 3.93 0.0069
2.08 11.9 0.063 3.85 0.0066
2.12 11.6 0.059 18.9 0.793
2.16 11.4 0.058 18.5 0.759
2.20 11.2 0.056 18.2 0.735
2.24 11 0.054 17.9 0.711
2.28 10.8 0.052 17.6 0.688
2.32 10.6 0.050 17.3 0.664




3.5.3 msanndningmsalmeluddnlnsadionamsiiuasein FEM

55

< g ot '
)18 NaﬁlENﬂ’lﬂl]'ﬂUull'L‘ﬁﬂﬂ'ﬂﬂﬂ‘Ll'l'Uﬂ\ﬁlu'Ju‘llﬂ@lﬂlﬁ'ﬂUﬂﬁﬂﬂﬂ15ﬂ53ﬂ1ﬂﬂlﬂ‘3ﬁu1u11‘lﬁ1

kV/em

25

Dielectric Thickness Effect on Field Distribution

20 = =

——2 =076
—&—2 =078
~X¥—2 =08

""""" fof e = e az e o - -—— =082 |""

=2 = 0.84

_k2=0486

0

T T T T T X LE T T T T T T T T

J. 072 0.74 076 0.78 0.8 082084 086 0B8 09 082 094 0.96 0.98 1

Radius (cm)

Ui 3.24 s Ibihialasu Tiflennminvn saunuvesuda ) nasualasly

vnumg ialvesnsanszuenalu () uaziadiamen () imnsh

2. vamanldsunlaemasn ladmansa (€) Apmsnszaivvesain Wi

kV/em

Dielectric Constant Effect on Field Distribution

20
Lo ARERR T ) P TR 1=y T o = § SR M 4 AR
Lol Bl Mo SR F - T R o e SRR 7o) W 49 ANSPERE
MagorasosncccscipoMpendeWemih s odadess aiclalsle s o uide -.e
3 PR .. o, S oSGl o SR
HE T e o T el i i M e e e e
SR e R e e i P e O RS ooy R S UM s e
RO o o o e R e B
4 Haswe ooy cogieenl cncssnansncansnannenssenne EIREd
=6
RN S T RN S p s s s a b e s e an —X¥—g=5
0 T T T T T T T T T T T T T T T

07 072 074 076 078 08 082 084 086 088 09 092 094 096 098 1
Radius (cm)

Ui 3.25 s Il Gow T dlesneit ladidna3n €) wasulag
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3.6 MSANINMSUANMIVEIIMAMEIUTDI (GAP) DUIUT AL IAZADITY

minaaedi 4 nasevdidniaga I delvvhnszuaaduussdugannud 50 Hz
a = 4 - & a
dian lasansenszuenunuswiesnuuuadieiu 2 wiafe wwuRwIueIMATURY

as o y 1 - o
funuuRwINeImMAtazvesdgminmaaeuednaNuuanasvena lnnisian e

ol - ; 1 1 q’: - = P a d 4 o
nnavumelugesdneenmma 2 siia Tadidnlasanldmaaeufotidnlnsa 1 Failsaiing g
ATZUONIAIU 1.9 cm. TAINTINTZUDNIIUDAN 2.34 cm.

=
Han131Na0dIN 4

' ¥ 1
M3 3.4 MInAdEUBIAN IATANTINTEUDNUNUSWAUITINAD (01719) Liie r, = 1.9¢m

uaz r, = 2.34 em lau199a31013 1Mav0999018 10 L/min

=5 Ve E... ) -t Ozone Yield
(kV) (kV) (kV/em.) (kV/cm.) (mgO,/hr)
4 5.657 14.29 11.606 0
5 7.07 17.8 144 0.72
5.38 7.61 19.2 15.6 2.88
5.8 8.2 20.7 16.8 =

[ L
M31971 3.5 HAN 1T HATEUBIAATATANTINTZVBAUALIMINUI 2 F1 BIMAHA=TIS € =5)

1§10 r, =1.9%m, 1, = 2.1 ém A% 1, =2.34 cm. Iao198a31m3 MADINIA 10 L/min

L ¥y | 1 Eg Ozone Yield
(kV) (kV) (kV/em.) (kV/cm.) (mgO,/hr)
4 5.657 21.0071 18.8525 3.6
6 8.485 31.5106 28.2787 30.96
8 11.314 42.0141 37.7050 41.76
9 12.728 47.2659 42,4181 194.4
10 14.142 525176 47.1312 411.84
11 15.556 57.769%4 51.8443 617.76
12 16.971 63.0212 56.5574 986.4
13 18.384 68.2729 61.2706 1758.24
14 19.799 73.5247 65.9837 1912.32
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3.7 mnameumsnlasuasuveadsfinsznudennumunsalunswaniolay

ﬂwul?i'awﬁmmnmu‘uqaufmﬁﬁwﬂ%’nﬂunmu“lmim:iua1mﬁﬁﬂﬂ€uﬁ1ﬁ'wﬁﬁ'mﬁ1ﬁa
faforneiiladidina3n (Dielectric permittivity: €) TumsiemuIuiAazyiaumaTey 3414
Wiimsnininei laddnasnneu FaannsamIdanauns

_ 2mel

-
n2
h

C

(3.7)

gunsai 15lunsmiaA C fie C-tan O meter (Tettex AG 2805) AstiunIsnanesii 3 Julszneu

» s
AU UADUTDUAD

3.7.1 MImMmAIn lndanasne 18 C- tan O meter

d’ (] a o P ¥
niInaasdn s ﬂTi‘HTﬂTﬁWﬂ]cﬁilﬂu‘ﬁ’Uﬂqﬂu?u%’lﬂﬂﬁ@'llﬂ?ﬂ C -tan 6 meter

AC |
High
voltage
Generator

CN Cx
Tettex AG2805
C-tand

311 3.26 msTasnenuIuAIY Ctand Meter

Han1mMAaRIN 5 ManiA g, TaaldinTea Tettex AG 28051il0 G, = 99.91 X 10, C,

9

“ ‘ o o
ADRUIUNADINITIA

i ey ]
W15N17| 3.6 WHaN133AA1 C YDIRUIUYD Y (PVC, Mica ag !lﬁJ’J)

a4IU PVC

M=19cm, 2=21cm,1=004m

AU Mica

Mm=19cm, 2=22cm, |1 =004 m

AUIU Pyrex Glass

rMM=109cm, r2=122cm, | =003 m

KV C kV c KV G,
1 1.08 1 1 1 1.25
15 1.15 1.5 1 2 1.26
2 1.21 2 0.95 3 1.06
25 1.19 25 1 : 3




3.7.2 M3ANEINAYDIAIAIN IADIANAINABN I THAA 8 a3

manaasdi 6 Awannsalumskaale Tyuvesdianlasanii Tnsesadanuiuaenu

Ozonized Air
a) b) <) d)

517 3.27 madavanvesdidnlasaitldlunsing

U1 3.28 @idnTasan ¥l umsnareunuIuA YA (PVC+ 01019 §1 Mica + 91018 )

Han1INAaBdn 6 HavednssadenuIuiuanaeiuaenva o lumsnaa e Toy
n'z :; as as ol 1 d.yd.
AanINAaBIIAIRIgYN 3.24 Taodydnyaiae q imariine
Cao
a) RUIUTUWALY (810719) un1e1nd 4.4 mm.
¥
b) RUIU 2 FU (PVC + 01md) un1le1nid 2.4 mm.
3
¢) RUIU 2 ¥U (Mica + 9107) 1N 101 2.4 mm.

* ,
d) PUI 2 FU (Mica + 0107#) 1nU010# 1.4 mm.
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Dielectric Effect on Ozone Generation

3500

—— | layer (air) : Gap 4.4 mm.
3000 4| =82 layer (PVC+air) : Gap 2.4 mm. [« cccvcncccuaguencannnn
=2 layer (Mica+air) : Gap 2.4 mm.
2500 4| —>—2 layer (Mica+air) :Gap l.4dmm, [=====cecz/fomccannnnnn.

mgO3/hr

=y

U1 3.29 anwannsolumskdale Taunmnei laddnaTnvesnuiuaig q fu

3.8 finmmavesyHausunaoulivhnlidennuannsalunisuanlelay
1ngUi 2.9 Tuunil 2 lumengud ussussiiadudmaneminnuasnuma lifhves
auan lumsneaesi 7 SuthinsfinnnSvuivuguanddnaunmumas Wihvesau

v
o

pmadousanaey I nseiaas advns anaey IMfnscuaadud il

minaaeaii 7 nadekavewiaus unaowidon msmusaluniswinTo Ty
indeaiiia Iufhus swugei 9 umsnadouaSoudivunaiiidennuaunsalums wan
MasTe Tyuveaussfumerilatumsis s inssnaasstrauuasussdu Iihnssuaady
feo i
1) m?mﬁuﬁﬂ"lﬂﬁmszuﬁmq (DC High voltage generator)
qﬂﬂmf"?;nﬂw.ma'qdﬁusaﬁu‘lﬂﬂ11um'sw@mmLi‘lum?mﬁuﬁﬂ"lﬂﬁmsaqaﬂﬁmama
nuvauuazyIn NvinaRdausundew i 0-330 kv fAeunsadiuilddaud o Tharas
230 ilaThan Tasiiganuguimihiidfusiousaniew Trih
2) inJostwiia Ifhnszuaady (AC High voltage generator)
qﬂnmfﬁnﬁuumiaiiwuiamﬁ"au'l.ﬂﬁﬂummﬂaaatﬂutﬂ?mﬁnﬁﬂ"mﬂmsaqanizuﬁ

"
@ ey

v ¥
aduiivinandaussiuIndh o - 125 kv AensedSualddug o femiina 125 Ala

Taani (015 10w 10m) Taviigaaruguimihnlumsdsusious undonTwih



g1 3.31 wdesduiiaTiihusegenszuaady 0-125 kv,
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pan1Inaaadn 7 NMinaaeunsnaale laudlousuadou Iiiaariia
= = @ ad Hq YA a d
wamsnaaeunANUdveIgdyY M 50 Hz dian Insanlsae aanlasa I (rl = 1.9 cm.,
2 =2.1 cm. 4R r3 = 2.34 cm..) AUIUN1FAD PVC 1220 1MA ¥99910IANI19 2.4 mm. HAN5

naavuaaInnsmlugli 3.33

Voltage Type Effect on Ozone Generation

2500
—e—DC
——AC
2000
=
&
=11]
g 1500 4
=
I
=
@ 1000 4
=]
N
(@)

4.6 607 (8291011112 13 1472002112223 24125 26-27-28-20°030 31 32433 M35

Voltage (kV)

517 3.32 VS Te TaudinanlduSonmnsznis uadow IMThnssuansaasassuaasy

3.9 msAnynavesanuavasusanaou IWhitlousdenmsnaalalasy

o o : daia s a
nnHansnaaedlude 3.3.3 W ligmsnadeunaveannudiidensnan o T lums
nanosiiundsionlfitonanoviomesduialnfhnssuaaduussdugannuiiqe dndn

Tunisnaanado 3.3.8 idnlasan 14 lunmsnaaovie 8idnInsa I 91U uda + 1M

n1inaansii 8 na geunavasnmAgFyanaroniannialunswanle Tay
naaouyAdiinInsafieenuuudioundssie 2 silafiaduienaaounavosn oy
fuumaste Ifhussgeanuiiddandniude 3.5.6
tﬂéﬂdﬁ1tﬁﬂ1ﬂ“ﬂ1ﬂizlmﬂ 5Uﬂ'31u$ﬁ 3 (AC High frequency - high voltage generator)
Qﬂﬂsmmﬂmmmmmmﬂu"Mﬁﬂums‘nﬂamaﬂumimmmﬂ"lﬂﬂmsamﬂi"uﬁﬂa il

vuadiausannow vt 6 KV, A71f 20 kHz - 100 kHz



B Air Il Stainless Ground Electrode
Glass [E Brass Brush High Voltage Electrode

P L
g~

(a) Cross Section View

T

Air Inlet

ARSI SIS IIIS A,

(L

(b) SideView

31t 3.33 BidnTaga 0 Inseadedmiimansumsinlszinnmasadnlo oy

(a) PABININIAARYIN (b) YuuBIAIMEN

HanIMAaesil 8 wavasnnutvejUFyanailynuaensnanlalau
Houlud 115 undev IWdhnszuaady 2.0 kv -8kV A 50 Hz

120

Ozone Generation by AC 50 Hz Signal

Ozone Yield

2.0kV

3.8kV 5.1kV
Voltage (kV)

6.7 kV

7.0kV 8.0 kV

: a a = =
i 3.34 mwemnsnlunswan TeTouvesdian Tasa 2 iR 50 Hz




idould 2 nsundouihnszuaadudi 6 kv, A3 WD 20kHz - 100 kHz

1200

Fréquency Effect on Ozone Generation

800 =

600

Ozone Yield

400 =

200 =

1000 =

T T e e L T I T L T A R

20kHz 30kHz 40kHz < 60kHz ~ 60KkHz T70kHz 80kHz 90kHz 100kHz
'

Frequency

31 3.35 naveannudvesgdyn ndemnanTo Tay

MINA N 90-100 kHz AuIsdAULiaon?

L)

16 kv, iileaninanugyde i uswuanag

Ozone Generation per Energy Consume

Ozone Yield

20 kHz

30 kHz 40 kHz 50 kHz 60 kHz 70 kHz 80 kHz 90 kHz 100 kHz

Frequency

4 4 a/ ¥ é ] s 1 -
31 3.36 mavesnudvesgdygrudeniamizendsnunlFlunsnaale Tau

63
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3.10 TnsaaraveunTeaniiialelau (Ozone generator)

1 1 A ' - iJ
NNMIveNLULLATNATRLRLHanINRaesTeufsuiou lud q dsnanlude 32-35

v
o A a 0 o a4
mlidaduludonlddidn Insauuunsnszuenuausunuau 2 $u ddldiueusugilf 3.1 41

ad ~A A
auuda doyavesyadian lasafieenuuuiin

4
davilszneTaseafaniaatuiiale Teu

sidin Iasansenszuennsmnauauad 59 r, = 1.42 cm.

- ¥ &
aon lnsalmsuvauWunaamaesgnsinszuenas loa

Srfimouonvosjumoundes r, = 1.09 cm.
SeinzsnssueniiiiunummAanus. 013 om. Sefiwuen r, =
1.22cm. SA2l1 1, = 1,09 cm.

syezunta1nin =02 cm.

ANUHTT =12 e,

suuve i uida

oM eia e

Inner Electrode

1 337 Tnssadrevouniosiuiin To Tou @ldinlasa )
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1

UNMN 4

szuvIvihuasorfiag

4.1 Unin

szvuuasgundsnuninaserfindunldss Temilugivemdsanu e szuylnihuas

017nd (Photovoltaic system: PV) Yszneudaolnssad1a 4 daumdn q daaaslugilii 4.1

SOLAR
MODULE
£l

BATTERY

311 4.1 Tnsaadauesszuy it fing

nmseenuuyInssadredazdugadimualasvinannudesmssideiniwesniszves
¥ o
] © ool ar a .d
szuy luunilsginauediAudsuaoumsmnnavesszuy ihuesonfind uaz mseenuuy
Buomes (Inverter) dmFumszansssuvmiuniosnanfyTo Tsusududea 149 Wi sy

Y - A o wn’:’n ot 1o
QQﬂ§$uﬁﬁﬂUﬂ31Nﬂq3LW@%?Uﬂﬁuﬂﬂﬂﬁﬂﬂdﬂﬁﬂﬂ ﬂauuaunﬂwwnwaanuuuﬁmﬂuuﬂaqvw

] ]
=) ~

Ifhus sduganadgeiiladIwihnssiaase 24 v smwamesitu Ilihnszuaady 6 kv,

L]

- o 1 g3 ﬂy o 9/ = o a d
ANuA 40 kHz uwasniwasnani Wgmi i maseunnumunsalunmiswinTo Tausudidn

Tasanoonuuuluseumevesuni 3 ud

4.2 nanms

msoonuuuszuy fhuasorfinddmiviniowdn o lousufudoedanudosmamaa i
fhussnmszvesszuudewiednmvnaveslnssadeudazdn luunii 3 NANINITNATOL
qﬁf‘ixgnimﬂﬁaammuTﬂu“l%'smdasiw'lﬂﬂmwﬁuqaﬂ1mﬁqq%wzﬂﬁnﬁada"lﬂ“luunfiflu
unaen i 19T unseasuiinlo oy VINNTTNAABUNLNMTZU0IsT UL IMIAdDINsfg W h

¥ v
dszana 52 Jad Yuaeunmsmvinaszuy Ithuasorfiads 4 uie



66

- mamaudednsiae Iihuesnszvesszuy

- o
naganiuuauUIvIngs

MIMIVUIANVAINDT

- MININAYeIHIEAdI SR RS 1§
n‘i‘mmmmiﬁafﬁé’gnmmua‘lmfuﬁ'u“lu [7] fiumayaduaseriaddmivamsesniuuie
(54 BPTS1255 tﬁ&ﬁf]mﬁnﬁﬁﬁ’ai’r
BPTS 1255 Power (watts)
- Nominal peak power point  : 55

Voltage (volts)

- Peak power point 0 |
- Nominal 12
- Open circuit 121.2

Current (amps)
- Peak power point 2%

- Short circuit :3.54

43 mIvonuULBUNeME MU e AT To w
miaenum;ﬁunama?ﬁmﬁmuﬁﬁuﬁum‘mﬁ'ﬁnni’iwmiwmszumﬂmmuiﬂ Tuszun

mswdniaTe Tauil Suiudad ¥ o ssnaadunwiigs issduge sofuammnsovessy

nemeideunlas Iinsuanse 24 v dhehiihnszumaduiszinu 6 kv, anwd 40 kiz 18 du

C; s U o/ d
nomeifieanuuulsiilassadtandn 4 3 dudaiaaluzii 4.2

DC-to-DC DC-to-AC
(Boost Converter) (Full Bridge Inverter)

| HV-HF
BATTERY Transformer

OUTPUT
6 KV, 40 kHz

"
= |

71 4.2 Tasaadrmdnvesdunemesisswugenimig
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4.3.1 unﬁnaummm‘ (Boost converter)

usssu Iithnszuanss 24 v nszuy Mfhuaseriindezgonseauiiuus sau Tnlih
Asziamsa 100 V feuludduusn 2l lumsmlas Itfhnszuaas s iqeiiuiie 20syad
swmsgUnseiiiveo Ui

4.3.1.1 ﬂliﬁﬂﬂ!lﬂﬂ‘ﬁﬂ‘suﬁﬁi (Boost Converter)

4

gin3al 1. 1C TL494 1 2
2. laToa MUR 1560 1 A
3. ¢ dianTaslan 220 pF 1 i
4. uodvla IRFP640 1 7
a 9 s 1 8 s
5. aamumulsua 14 1kQ, 1k 2 P
6. AIATUNTY R 10 kQ 1 P

\1}——”_.—1
g ¥
F————— =it

31 4.3 299s0nszdvns sau T nszuanse (Boost converter)

4.3.1.2 MIinm aemqmﬁbammu

=SV 3 +*5us /div
o 11 b
: e
e I L . .
=Tracel= Max 10.40V _Freq 50.51kHz Duly 55.6%

)
=4
=i

4.4 dyauvuvuamarugumshauvesaiad lureesyad
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useAn 24 v DC nnszun Ilfhuaserfindgnunszduilu 100 v DC Arwrsvsyaddauans
“lu;ﬂﬁ 4.3 YN TL494 ﬁgﬂ'dauﬂTmnmmmnamﬂmiﬁﬁmu A lumsaind
Uszanm 50 kiz SauamalugUdt 4.4 20051 g l$raesramsiandaeTsunsy pspice
Aounameuldnueie  wamsdasuaznamInaounuuIIuE TN 1ATAs2In

100 V DC uaradnalugili 4.5 (a) uag 4.5 (b) mud1ay

Stopped 3 1998/10/26 030026
CHi=100V 4 2us/div
DC 100:1 1 i (2us/div)
: 1 NORM200MS /s
i
1
1
R e R e S E L e m e e
A\
lTrIce.lI lﬂx I&".W : MiL II:DW Rms 94,93V
| i e Ty L e
i
(b)
31U 4.5 (2) wan3$1009mMIMUYEI95A20 115N T Pspice
o o
(b) HAMINATDYNTINNIUVDINNIYTIA
a  da dJ g "
4.3.2 ﬂa‘u IAV0UNDIADT (Full bridge inverter)
usadu Ifhnszuaas sssuar 100 v asgamlasdiy iihassueradutoo v,
o  dey é
4.3.2.1 m'samrmJNiﬁﬂ“ammaunamm (Full Bridge Inverter)
+12v '
L ]
= [
o ul 14 13 r[:1—1 Fi1-BE it
o T i 4 %
A A Qi Q2
S e ol BT el l®
sie 5 6 7 4 300 }__ﬁz_. HV
mFT é"‘ . Q3 1o +— Transformer
1k-10k

D3
—
G3
s3

i éa ¢
U 4.6 29957javSaddunemes

'
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[ 3
swmsgUnsaindeldiinede i

DC-AC Inverter (Full Bridge Inverter)

1.IC TL 494 1 17
2.¢ lua1s 1 nF 1 )
3. UMY 1kQ , VR 10 kQ 1 )
4. AIAIUNIU 300 Q, 10 ©Q, 100Q 2 i
5.C 10 uF 100 V 2 17
6. lalon 1N4148 2 A7
7. Zener diode 12 V 8 A7
8. Zener diode 5.1V 4 A
9. uoeHla TRF520 2 @
10. 19w Hn IREP640 4 T

4.3.2.2 MINAALUIINOBNIVY
@ a w = !Jg 1 = o

vsdnansluglin 4.6 sansodiunau 18aaua 20 kiz B4 100 kHz Hamsi1anams

191892993820 T1sunsu Pspice uaasluglil 4.7 () waminaaeussuanslugili
g o c: o { 1 d ar A
4.7 (b) naz gUdamanmsdueniyniinise 50 Jad finondeg o uaasdsgiil 4.8 (2) - ()
o a/ 4 1 ' at o/ ﬂ' é

awddy gl 46 daneniynvesiesezdeduniomlaus siugannuigeds

Qs é 1 1
Uszgndlfinnnmdeudastasuunliies nsimidnzndntedely

Sto, 3 1999/10/26 02:59:25
o % e gy 1 napw
: : DC 1001 - i § : - (2uszdiv)
B e O r Dld"T R g oA | RN o ... NORMEZOOMS
= L vaA AL
' nLY A
B _Ji s

s i el J e Tracel= Mak  104.0v | Mip -112.0v Rms  102.9v
i it PR TR RN T

H
- ! SRS b SR 7 g o R

® (33 e LI N b T
Lo L [T TECR

Lire

(a) (b)
3N 4.7 (2) ramssraesmathauveafauiasdunomoidanTisunsy Pspice

(b) WamInageuMIHhnUveIauTaddunemeiNoanIY
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HANINATDUIUIDIADINANND 20 — 100 kHz Mas i nswldnszuesszuui 50

w o o o o - A @ 1 d’
i wamsnadeu Idgdyanausdueniyniinnua q dwe i

e
CHZw 108 - 4 10 S
oc 18Xt
WORMCSOMS /4

Trace2s Max  164.0V Ry 150,3v Froq 31,05kHz

«Tracezs Max 1640V R-:- 150, 9% Freq 31.85uHz| faTracezs ek 164.0v n-f- 14w Freq 41,67
@ o = 5 i : w o i
(a) UIIAUIDINYNN 20 kHz (b) UTIFUOMNNN30KkHz  (c) WTIAUIDINYNT 40 kHz
W o ) T~ E Cir- TR\ | o
+ i H - - | NORSE 100048 /5 HORSL 1O0MES /5.

'
:
i
{
{

fan
A )

#TraceZs Max 160.0V

|eTrocmzn  dax 7|ﬂ7.'l | h% 1414 Freq T0.4704z
i g o, 4 v g
(d) U3 9AUIDMMWNNA 50 kHz (e) HTIAUIDIMWNN 60 kHz () T IAUDIMWNN 70 kHz
! - 1 - ] s ]
oG o - 3 3 ¢ (1m/dv) . bc i H {W0um/div)

|sTracez= Max  160.0V Res W60V Freq 100.0kHz

aTracezs Max  168.0v - Y Freq 3,33z rivacee ek 10800 Pub 145.0v Freq 94,34k
1
4
'
i

(o) usauoWinA 80kHz (M usswOWINNA 90 kHz () H3IFUEMIYNT 100 Kz

3U7 4.8 (a)-() Fyanaussdueiynvesiauiaisunemosfinud 20 - 100 kHz Ain1szvesszul

Ao Tnaa 50 Jad
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suneweineenuuugmh lunadeusz@niamuammaneunansiegi 4.9

Efficiency of Inverter
100 - =

R (R i ..... R R B R B S e el
TS (AR g 2 0 . g I et -,'.-.! ..... ) utai
704 -a-.. i ool S R Ak e LR S eenind T o5
B0 f=uaad e aiae 1acaaa Lesaa e K o mwn L eemn P

& : : : : : : : :
g B aksinwww ‘sossndannes S easmadeeemn e saas (P fennncsnasns

;:.» ; : : : i : : 5
e S R e e Y e L
- PR, B30 & Wi & ity O (P PRy - e e et
204----- SRR p - .- e PEREEE T P R
10 Fosena P LT e A VA e ——2% Eff

0 : - : : . - - :
20 kHz 30 kHz 40kiHz 80 kHz 60 kHz T0kHz 80 kHz 90 kHz 100 kHz

Frequency

71 4.9 wamamaaeLss Fnsame uNDWS N 50 T A2ND 20 - 100 kKHz
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R /01/77 TR

=Tracezs P-p  1180kV |
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a al
(c) U5 IRUIB VI 40 kHZ

(d) USIFUOWINNT 50 kHz




Stopped 1993/01/22 R 1:47:43 Stepped 1993/01/22 31:50:23

CHZ=5000V | : ; - ebus/div + : CH2=5000V - t x 1 +Sus/div
B0 W00t : ; : i { DE 10001 : : : :
......... bt o ’ ; : AR (U R L

=Trace?= Max  6.000kY Rws  3.165kY - Freq 64,52kHz =Tracez= Max  6.000kv | Rms  3.261kV . Freq 72;46kHz

(e) U5 IAUIDINWNT 60 kHz () ssdueNINH 70 kHz

Stopped 1993/01/22 15249 Stopped
: 4 : : HSus :

1999/11/16 174438
: T Suspdiv

CHZ=5000V /dv CHZ=5000V | ]
DC 1000;1 : : : : ¥ po-100m ; i L (Susydiv)

_ i : : =Tracuzs PP @.A00KV | Mak 4,000V | Rms  2.004kV
=Tracez= Max 6.000kv Rwh  3.671kV | - Freq B1.97kHz AN TNV P o T e S el (R SRS Y

(g) USIRUBIVINNT 80 kHz (h) (397U YNT 90 Kz

Stopped 1999/11/16 173515
i i CH2=5000V Sus fdiv
AU 8 (Sus/div)

=Trace2s P-P  6.400kV - Mak  4.400kv Rms  2.681kV
. Freq 111.1kHz §

(i) U5 9BV 100 kHz
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4.4 szuuvivhueseriing
dmilszneuddaueszu Ifueaoriadil 4 dau
1. UHUYASUAI01AAS (Solar Module)
2, uummﬁ: (Battery)
3. MuwAIuRudeANsetind (Electronic Control Unit : ECU)
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Tilt Angle Effect on Power of BPTS 1255
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—— 15 3"
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Power (W)
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MINAADUHI V-1 Characteristic YD UIH3(¥ad BPTS 1255
X 2 4 4
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v o < TLE . | o "
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VI Characersic ofBPTS 1255 at :00 pm_
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4.4.2.2 MIMNUUY99 ECU (Electronic Control Unit)

EcU ¥ luszun mennuuane’srgadedhiidumisiunne’ uaasszuy 12
Vv %30 24 V fa Aourandfidiumis “Solar Panel” nazualWfhoinunasadues
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niussiunuanssannunie 216 V Fyanelildnmiis LO-VOLTAGE @i ECU 1
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numaei ey 185umsdssquseiuds 25 v da M LO-VOLTAGE 392d1 ECU 92

' ] 9
WoureszuuiugUnsalIihdnansalasdn Tuda

a. d
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(Charging efficiency) 1521/ 0.85

SuiundtuidsImIdmsunaInaay [é%} =489.4 Wh
saumdsnuiiAuiidesldiaiuie ~ 416+489.4=905.41 Wh
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day Tu 1 futsznamdanuanunaiiy

' Daily Charging =55x5x4 =1110 Wh
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4.5.3 MIMVINALUAINDI
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2. Temanmisifasnarniunsgansdifinnumumiusnugaunn q 'l 1dge
3. myanasvesauy IWihanasedesiasn  vSnalSunsissdnina  (Effective
volume) N amsusa Inddarsuvaumiiy
[ = ad 1 - 1 = -
4. ANHULMATVIRAAURIBan Insa lannsammanuassaaun lihmeluundy
gndesldde 9 msnwinalnmadadundenunnauin Inihieilden
1 s
y d' ar 4 1 4 é o 1 1
vinmsnageuiFoanudgldygruilsnuiusundon Iuihnszuanssdainlinanda
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o =

iFeannud WenSouieuiusgniegddyguiinnudussiuszasn 50 Hz (1 15 kHz WU

9 o

{ Y 4 T é’ J ¥ [ g 9/
YanaToTouinda lAuuudyapanmfigeaniufiudund 10 mh daiu hnsdl Inthassue

] ] 1 b4
aduiiinannuddanundt unzdwwadomninTe lvwiuetinnn auuAgududelives

A o o Ag. dp W 1Y 9 a 9
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5.2.4 AN IATAUUUNTINTZVONIUNUI I3
a d 9 1 (%] n‘ o -
N1500NULVBIAN IRTANI NFTUBNFOULAYS WNHaRmsMitaue 1y 90 3.2 Ao ms
a P o o
wasgSinasmandl (mol) iWlurfSunas Tumiae SI Ao grunedmas (m® l¥aunsam
a -t o i Y 9 o () = [ ' 9 a’: a d
wasnundwudedlddmivdiunesdinanld  dupsumsssnuuudan lnsansenszuen
v /
FOUUNUT IR
3 = ans . 3 . :
5.2.4.1 mi‘d‘a’zqnvﬂwqHgmmammnuﬂﬂmmmn (Optimum dimension design)
NARANMSATUIUINRBNLIUTAYDINSINTSUBNFOUUALS WA 19naae SuRvsan
VNNOURNIRANVUTAMMNIZAU (Optimum dimension) HagMs@ont LS ATiNALS
o - a8 v = 1 & o 4
AuTUANIANGIRT Lag manumToaau Iiihge q deezihldermanieluumln/fou
anmddweiga Taevaudmvesliaimmnzaiionniialalsten Jefmuavesms
@ e = [~ 1
DONUUUAD sﬁumﬁﬂTﬁsmauﬂnummwmﬂuwmmmmumﬁmaqﬂﬁmﬂﬁn fio 1.42
uag 2.34 em. Asuaaslumanuan a-1 nakamsiaaluzdi 3.12 uag 3.13 wudwne
ad { A 3 o ] { a ,y o
yosdan Insaeueniminiui Idiumseonuuuiiia Tnlsuntluli1dondu ufedh
[ [~ & J " J o 1
ganuidluau Wihaivaveniu (v, lagediu) wagnaramsim luusazginy
NOW 1, imnzaudmsuniswaaleloud 2 nsdl nsdiusnie r, w9 ludnuaedy
o : : AL e ' Y] v oA ' a &
DIANUNITINTEVON (wire-to-cylinder) NTUN 2 ABLIUN f, ﬂﬂu‘ﬂ’]ﬂﬂﬂglﬂﬂ‘ummu I ﬂﬂ;‘ﬂ
¥
muniwamﬁammuﬂu (Coaxial cylindrical) FuvoanUe1naLIg |
5.2.4.2 mamstfSeumeudidninsamelusuududunuunsanszuen
nnranssusnanludes 43l Tasmimsdenodiufidudidnlasaduaiasy

N3INT2UBN (Wire-to-cylinder) Hazt1uMiluns inszuenunuiam (Coaxial cylindrical) fif
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= ad : b
Bianlasal  Bidnlasapuaninified (1 = 19 em. , 12 =234 cm,)

E.. = 13kV/em E. .= 10kV/cm

min

BianTasARUMOT (6L = 1.9 o, 2= 2.1 ¢m., 13 = 234 em.)

E, .. =19 kV/em E,.=17kViem
dianlase In SidnlasantudR (rl = 1,09 ¢m. , 2= 1.42 cm.)

E,. =17kV/cm E,., = 13kV/em

AN TATARUAN O (1] = 1.09 emi, 2 =1.22 cm., 13 = 1.42 cm.)

E... =24 kV/cm E. ..=20kV/cm
wavosmsiuuniauvesid st I neluges e i ldSinasesnanio1d
o Inlihaaas um’mwmﬂ?ﬂﬂﬁum”lﬂﬁﬁﬁﬁﬂm'anqaifumﬂ
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1

finlnsa 1 USuasemenldlunswanlolay 40.17 cm’

guna1 lunsHan To Tounodsu1as 0.047 - 0.065 W-h
e Tulih 16.257 — 19.118 kV/em

e

DOALLIL SeiioianTasaalu 1.9 cm.

Seiinauonvesnuiuud 2.1cm.

Seiivian Insadeuen (VWIAGAAMNTIN) 2.34 om.
Awsundouihcufe 4376 kv dmusuadewIWthanmouidnon
VINWAIUAD 4.376 - 5.13 kV

fidnlazan Ysmasemeildluntsuialo oy 19.9 cm’

grunaan luiisnaalo lowael3u1950.023 — 0,032 W-h

e dlh 16.158 = 19,058 kV/cm
0N Smiraan Tasaaaly 1.09 ¢m.
ST 9UONUDIRU NI 1.22 cm.

Seiigian 1asa9uon (VUIAGATINATIH) 1.42 cm,
Awsanfou Wi uda 3438 kv smsendon ihammauiduon

ANYWAINUAD 3.438-4.005 kV
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voeivziiunly  Bdnlasa 1 senuyuiednu s Ingmssiiugusendsudiunsiia
Tolau auaunldfio Pve Tdunaaauiianufissdunadoy 50 Hz @1 sdnlase 1 auay
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5.2.5 HamM3AATEHYRINIME1UBI8nINIAG 8 Finite element method :FEM
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5.2.5.1 HaM3InNziee FEM 1udidnlasansanszuenunusiuauiy 1 uas 2 ¥4

o o (] ' T -
1. mInsenevesszaunssutazauy Iihnelugesineszninedian lasa

FEM

v ' o ] ' a d
‘11’]ﬂlm’ﬁﬂﬁlﬁuﬂ’]'muﬁﬂﬂw‘\fﬂdﬂ'l'iﬂi:iﬂ!m?\iﬂ'l—lﬂ1UI'LI‘]IiJ~1‘5$H’JNEJ!ﬁﬂ

' o { - s [y o '
Tasaadesanu Zﬂﬁ 3.21 ung 3.22 lﬂuﬂ'ﬁ?lﬂi'ﬁﬂﬂ'l‘iﬂ‘ixﬂ'lﬂ‘izﬂlllli\lﬂun1ﬂ1u‘h’€l~3

' (% - | ' 4 ad
Iesznindianlasansanszuenunusinlag 3U0 321 ifulaseadevesdianlase |

(r, =1.9r,,= 234 cm) daulugii 3.22 uansTaseaddidnTasa il (r, = 1.09,r,, =

1.42 cm)

dianIasa | nssRunAaeY 5.14 kv (Amsenuvayvunsuiudea ¥ lunisnanTe Tou)

2idn1asa ITId UNATeY 4.00 KV (Ausaduvevyuiisuiiudes 15 lunmsnanTe Tau)

F - o . 4
namsiand tanalugiil 3.21 - 322 munseagliilumsre 1Rdeansei 5.3

@1319% 5.3 Myasevizavisaawiazaiy inelusesieiznivadnlasa

Bianlaaa |

(r, =1.9%¢m

o= 2.34cm)

Banlnia i

(r,=1.09cm r, =142 cm)

v
MOUTUAL

(1M U1 0.44 cm)

A
RUIN 2 YUY

(W% 0.2 + 91017 0.24.cm)

v
DUATUAYD

(81017 HU1 0.13 cm)

S
AU 2 YU

7202 + 910% 0.2 cm)

vV E v £ v E v £
(kV) (KV/em) (kv) (kVicm) (Kv) (k\/cn) (kv) (kV/em)
514-0 | 1281067 5.14=07|,(S}4/17~385 ) 40 1377~ 4-0 (S) 2.745 - 2.504
(G) 189~ 17.3 10.7 (G) 19.65 - 17.05
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5.2.6 vamsfinesingmiaimaluyesnesznnedidnlnsads FEM
1 ° /d a 2 = o d @ i
FEM ¥wvinnsdingmissindnanisluunddienldoumlasmsiimesuned luigunams
4 o a0 ' i ' '
nanegn 324  msulasuanumnauwvewdshldmanueSvaauunanasendu
- d? o = ! o a [~ " - ad a o w4
PIMANTY WIp3UN 325 mandsuriavesnuuvewiidimmni ladidnasndunintee
{ = { a8 a 2 g ° '
wasunladhl awamvewdafisneiiladidnedn (€) qaliu Avem Wmanunssaaul
e ' - é’ 1 4 ' o 1 = ]
fhhanasoumeaiuiudmfianaseunuuvewdiatzanas taoanmswieunaslivin

W lain

a ¢ ' - 1. Aaa o o
5.2.7 MIAAHTMa Y I NAUTEHIIIBIEN IATAUUURIUT HINS BN IU 2 T
1 3 &
1nnIsnaaeuiefnna lndosduvasmaiaTaloy 1dsinsnaaeu Taslesibnlnsa 1
r o - [~ 1
SAimsanszuenalu 1.9 em SeliNTINIZUBNIIUGN 2.34 cm AUINVDLTIN 14 ae PVC Ha
] ¥
MINAaod IUAITIN 3.4 ABWANTATFISVVDINUIUDMIAT LR
= o s = 9
lumangug msdunundsnumuniilude 3.2
gundsnunintudosldfe 493.2 kifmol — 682.8 kV/mol N30AD 1.172 kWh/m’-1.62 kWhim’
waziiotheenuuulude 34.3.4 8ifinlnsa 1
gussrueglugumsnanie 4.362 kv-5.135 kv
A -~ 1 1 -~
Fanoeuaun Ifveuais 16.215 kV/em Deveun 19.088 kV/em
lumaliid wansnaassluaisiei 3.4
1. Ausunadoulriy 4 kv Aunatweny i1 14.29 - 11.606 kKv/em iawouag
v
VDD UNAINUMIHAR To Truaaiu liadsasranule oy uazvinwanisnaansd s
1 =y é}
wuNi T Iuinaau
2. fusedu 5 kv Annmd e wihid 17.8 - 144 kviem i1 E__ fifadidnTasanely
gendwevanveunundulummguiud ifsveuuu udedialsAnudeationna
vedm Idsunasnunnauy IthuaznaesiuTo Touthawds wazeinwanisneass

¥ 1 ¥ ]
a729wu i To Tsuifiading 0.72 mgo /hr uaznaa IdNuALA 5.38 kv
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a [ ' 1 = d 4 o [
3. NuIdAY 5.8 kV ﬂ']i‘ﬂﬁﬁﬂs‘lWUT]ﬂ']ﬂ']ﬁalu‘]fﬂﬁiﬂﬂﬂ'ﬁkﬂiﬂﬂ'l‘]u Lﬁﬂmmmmﬁumw
~hmeluunlfegege 20.7 kviem figa 16.8 kviem anunauny 4.4 mm. nnauns

YDINA (Peek’s formula) Tu [1]

ERESEllve (5.2)

'
& / 12
(ilo r, Wy em , E. = 31 kV/em Az €' = 0308 cm
] 1 ¥ ] 1
fusundouliih 5.8 kv @ wiessuiialihussgenssuaaduidansdaiiosnnms
inuvessndtosiunszuaiu dufiolingzua luamolugesineimagann
= 3 { 1 1 1 o J
NINRUIU 2 Furanmsndaedianslums1en 3.5 YeeieomninuIauanuus i dgeiu
MANL4 1 '
Aonu1dne 14 kv uagdenude ll1d8n Miilosnnauinveadaidoufussniteerna fu
! Y ¢ a ¥ 4 a = '
azloasulinsusnamifialdniniuy  awvemelisrmeassaau ihannsouge
A @ 3 = Vo o 40 4 g =
wnniemouuruRINIuGe - omaldsundsaueinauy Irituauitg 1dnnFine
s a ' = N i -] of e o 1
Tolouindald wulwandnlelowiinivediesiad nuduiaanumuisonsia  uauwm
Tudandaunamumondasuaanseaasdaunaldnnd 13 kv USmaleTouiingaldimy
a - 1 - o I a 4‘ >
NAANT 12 kV 89 771.84 mghr ud 71 14 kV dadumsiudiien 13 kv apaunie 154.08

1 1 1 -4 4 L) 1 ‘a‘ 3
mg/hr mﬂ"n51%%0‘1161a1ﬂfusaﬂaqnmﬁ:ﬁm%mﬂ';nn%’ﬂuﬂ1u“lmmﬂnmmmwquumﬂ
Ty

5.2.8 mamsnaaeumslasunuIuve st

W <3 n’)‘ 1
1NMIIAAT C YDIRUIMUVBUMG 3 R0 Tettex AG2805 Ctand meter aAMITNNIAN €,
b4 H v
voaRuIue 3 14 oglutmiidmualunmanguide Pvc= 5, Mica = 6 uaz uda = 8 auau

A o

o - & ! - o o '

3 Byasmamsnadeuiinng - F3hiawnsawfountasldhninudansasenuunliwe
manzdudianlasanuenlfegludmideosmsld  msneaouimlaslfussduihnssua
AAUUSIAUFIANUD 50 Hz wamsnaasauanslugili 3.29 wuh

ad o1 A o

aianlasa a) wsnarninewdesnaduauivemasuf)

fianTnsa b) W5uaTeTounn udiussiusidoafumnyIifuiesnnd € ves pvc

mlina ToTeuleondt Tudun

adg =) 4 ' ~

aidnlasa o) lFinuTeTauqegaiiosn € vesnu ludiisunniiqa

a o o : L] Y] A =) ar

anlaia d) WS Te sy linadnudezdlunualud + evnn faw uddafiousy

a d 4 ¥ = a a [ q’: dyd'i

anlasa o AldUTnalelsuggauazguawiudannuannsansia  siidioann

ANUANAveInNUANumnuauRy Ty
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dadi1n FEM wamsannulugili 3.25 € sxiinadeau lwihelosunn udauium

v
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-k e o g e ' ' a = v 1A w A A w A
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yilavoausuatou Iihnldnuinaoinmnaemsndaduaaslunansnaasslugili
4 v a a - = a ng 1 =1 {
3.32 usunaou IthnseuaaduisunaloToun 4 kv uaz 1inandaiulued19sIas 19uaeT
Uszanm 14 kv wandah ldfuaiudannuannsamsiafedov 2 ghr luvasi usuniou
n:'; - 1 4 n’ = tl'w =
TfhnszuaasasuasronuToTawhn 20 kv uailoiuauns 35 kv USunaTo Tauiisaldsss
AITIDOUN
agl BidnlnsauuuNIINGEUBNUAHTIN MINNTIRILIMNIIMYRuaznInaraueandaaiuly
A a A o &L a n:io YV L é 1 s
(39m510a 1o lawdosnnnasny luawy Inihdedwundsnunsuiludesld  dadunwds
NUAINANIMUINNIVARDINURUTEMUAT - Sundsnumuains g msunsnaa
Tolaru Ao 493.2 ki/mol - 682.8 kJ/mol M5Bt mnasMUN1 1WA Re 1.172 - 1.62 kWh/m’
ol d 9 a a g ' ' I &
mahiumuILe i lsmuanunioa sy ihnolusesihnenaligeiu i
1 ] LY = s oK =
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] J s 1 ar s / dy 9t ' d' 9
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) w ad 1 - s ow ot Y 4.4
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¥ [ I " " [ v
aauisune o Taud 4 kv Tuvaish usaaaeu IWihnszuaasaSuna ToTauh 20 kv suiy

vennnwasnnmn i wgdesguiiviweudnavesnnudydyanadaduwia

s
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wosdhAgih i lnanaveufiantsn/fewnlaslnssefedsdsmivayunamnaneii 3
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“

fhnsziaass lumanguaudvewsunaeunldiinailianunmuvesnuiuanag

5.3 maindszansmuwmswanlalau

vde 52 IdAnumavenlmeimanduszunuwuhdenvesdidnlasalaeumanies
anunToaaun llihgegaiivinadmeumauganai e s sdududulunsuandaves
omad udnsanasvesau Ty ledreadaiiszesriaeen loudang g uonaInt
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Mica i 1FnuilsznoufunumavasnnuiiqesaudasiezildnsiunaninTo Taudinn T
ﬁﬂzqa‘i{u didnlasa ‘i’fagﬂﬁmmﬂﬁﬂuiuﬂmﬁuﬂizﬁwﬁmwﬁ

Banlase 17 Wumsesnuuusuiusznindion Insadmeunaufudiin Tnsauuunss
ASTUBNUAUS LRI 2 Fu Taguszasimshnudesnmsnaseumssdafianuiige auawi
donliadomiudnnidon  Tavlszgnddnaoaufaiilflumsnansameinemandinga
fhooonliinauen 14 cm Tavdszina fenunuihud Pyrex i €, 39970 C-tand meter 14 8
(@enh Mica unz PVC) aglsaluuammoundesiall 1.09 cm (oamdeslishiFAsndu
Tolaw) uoluaduaunuaa Taseadrsfioonuuunanslugl 3.1 wazgiliouanslugziiz.ar
Yawneunaosrzgniaduiens 1.09 em dao5iiasluvesuda T laodSme udmin 0.13 om

¥9431991N791N 319 0.2 em

5.3.1 mimaauwnmmﬂfam?;’;ﬂueagﬂe‘f’mumulwianﬁwfamimhu

vinnan1snaaeslugilii 3.34 AenadeunnuminsemsnaaleToufinud 5o oz usedy
i 2 kv (30 2.8 kv,) asaanuleTwy 182 mg/hr A ztatsuvanveang Isavi Ida
useduiSuuandavesnmdiag iesmnluneududo 3.43 4 Wainosamammdus siud
AuiisuiudoaldlumindaToTsuvesdidnlasansinszuon GidnTase 1) 137 3.4 kV, uon
Vnfifanud so Hz Vi To Tyufinda l8doudheqandmananvessian Tasa 1 10 fuse
aulndifivsiunaniauesdiinTase I ganididnTnsn 1 Useuier 2 mh

donamouiivuraniuidentsuinleluu Taudidn Tnsa 1 f‘sygnﬁ1"lﬂmﬁauﬁml,ﬁﬁﬁi1u
ussfugenmigelinlg 20 kiz - 100 kiz nuwmamsnaale Tsunuanslugili 3.35 14
USmagannfiussdusindilng Tadrinvoamdstedendoulassfugeildou usedy
qaqaifiafi 20-40 kHz fe Yszanal 6 kv, dauusssuiigainaii 90-100 kHz faiumanlfo
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Yayanansnaneuiiosenuuuiniendnle lsuludiugadianlass  uansnwduiug
senanausne IMhduanvaansalunmseiale Tovveunsesioanuuy Taseaad1en

narountuiiu 2 daufe dian Tasadarsunauiuszuiy uasdan TATANTINT L UBALALS Y

- AR o i o A Vo -

M u3.6 B lasauvuimeuvaniusrunuiiiinsiatosaeumandaiu 2 nuude
v 2 ¥ Aa ' v )

nuunguilmenvandalszneudionguilmenmauiiinommuuniuaeiy 3

Huufe 754 Ndu, 1508 nqu uaz 3016 gy Muuudareuramiel q 210 99

szozunlsznnalmeuanius Uit un 1 cm, naaeudls i nsuaass

HTIAUYA
usaerdvivh ﬂ‘]1lifflnl‘iﬂ1ui:|1'£ﬂaﬁ1iﬂi‘iu

(kV) (mgOhr)

754 Nl 1508 N3 3016ngN 210 99
8.0 1.87 49 7.49 5.6
8.5 259 749 1022 59
9.0 3.89 g 7 10.22 14.54 7.92
9.5 451 1195 216 878
10.0 562 16.15 25.65 10.08
10.5 9.65 1958 52.69 10.66
11.0 1181 2016 4005 - 11.52
1.5 16.27 21.74 47.66 1267
12.0 19,01 29.66 517 15.54
12.5 2174 5888 5571 15.41
13.0 24.54 49.97 58.18 16.99
13.5 28.08 55.14 E 20.74
14.0 28.8 54.86 : 22.46
14.5 29.95 : - 24.05
15.0 ; : = 25.78
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M40 W37 sanlasanuulmenmanfussudiinsdaidesaeunandni 4 uuude
uuungudanenay 754 agu 1508 ngu 5016 Ny uazuuulaoamAss 210
99 qmhnmﬂﬂﬂnﬁ'mmfiashta‘hlﬁumﬁ"uqanszurms«fmn‘luﬁaulﬁﬁﬁﬂﬁ
Taglrsy :unﬂ'ni’w 1 wudwes iednynawennsalunssaaTeloufa

evdealarsunaudeiui

usaend vl anannsolumananiolaw

(kV) (g0 /sec/point)

754 Ny 1508 N 3016nqu 210 99
8.0 0.69 0902 061 4762
85 0.955 1379 0.942 7.81
9.0 1432 1.883 134 10.467
9.5 1.698 2.202 1.989 11.619
10.0 2.069 2971 2361 13.333
10.5 3.554 3.607 3.011 14.095
11.0 435 3.793 3.678 15.238
115 5.995 4,005 439 16.762
12.0 7.003 5.464 4.761 17.905
12.5 8011 7.162 _7 5066 20.381
13.0 8.966 9.204 5.358 22.476
13.5 10.345 10.28 PR 25.143
14.0 1061 10.106 . 29714
14.5 11.034 . - 31.81
15.0 . . . : 34.095
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19197 W.3.8 Baalasauuularenrauiuszuuninisdassslareunanaieiy 4 nuvienuy

nquilasunay 754 ngu 1508 N 5016 NM uazUVYAWUNANIAYY 210 94 QN

¥
umaneudsunasiie s sdugensznaasaiiauludesjidns  Tae

Wszozundnde 1 isudmas tiednyanuannsalumsandale Teufadisude

mionasnunlflunisada

e Ivivhy AnumnInlumskanislau

(kV) : (mgO/W-hr.)

754 Nl 1508 NN 3016ng 210 99
8.0 0.468 0.612 0.566 0.222
8.5 0308 0594 0.457 0.268
9.0 0291 0.574 0.544" 0.293
9.5 0.245 0.41 0.562 0.264"
10.0 0.226 0.456 0.569 0.254
10.5 0.26 0.466 0.563 0.225
11.0 027 0.414 0554 0.211
11.5 0.28 0343 0.552 02
12.0 0.261 0.38 0.502 0.188
12.5 0.244 0.411 0.455 0.191
13.0 0.234 0.445 0.45 0.189
135 0.227 0.423 . 0.19
14.0 0.216 7 0.397 : 0.187
145 0.208 - . 0.184
15.0 . . - 0.179
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M99 W.3.9 nameuawannsalunsraale Taude 1 viendsanunlfvesdianlasanuy

UasumanfusznuiinisdaGealmemanuuy 210 9 Tavdou luiiinsanie

fAszozuntoImaa1anu fe 0.5, 1.0 1AL 1.5 cm.

usadnvldh anuanIalumsnaalelsu (mgo/W-hr)

kV) 0.5 em. 1.0 em 1.5em
4.0 0.648 = =
45 0.606 - -
5.0 0.527 E .
3.5 0.488 0.252 -
6.0 047 0.201 =
6.5 0.461 0414 -
7.0 - 0315

7.5 > 0.281 0369
8.0 - 0.222 0341
8.5 - 0268 0248
9.0 ; 0293 0284
9.5 ' 0.264 0.256
10.0 3 0.254 0244
10.5 L 0.225 0232
11.0 o 0211 0.227
1.5 . 0.2 0215
12.0 : 0188 0211
12.5 - 0191 0214
13.0 - 0.189 0.2
13.5 . 0.19 0.173
14.0 ! 01187 0.188
14.5 0.184 0.144
15.0 = 0.179 0.125
155 : ; 0.111
16.0 ; - 0.118
16.5 - : 0.122
17.0 = . 0.13
175 s . 0.134
18.0 - = 0.134
185 : : 0.136
19.0 - : 0.138
19.5 . ; 0.15
20.0 : . 0.159
20.5 % 2 0.154
210 : ; 0.16




110

A9EN 1.3.10 naaeuanuamsalunisedale Tauae 1 wilondsnuilfvesdianlasauuy

Umeuvaunuszunuiimsdases)aenauuuy 210 98 Tandeulviifesan

% ¥
Aofussau Il nszuansataaieiu (+-)

sy ANuaNsalunseanlolaw
(kV) (mgO,/W-hr.)

DC (+) DC (-)

7.5 . 0.369
8.0 . 0.346
8.5 0.468 0.297
9.0 . 0.460 0.284
9.5 0.460 0.275
10.0 0455 0.244
10.5 0:478 0.217
11.0 0533 0.227
115 0.547 0.245
12.0 0.502 0.211
125 0.483 0.209

13.0 0.439 0.2
135 0.438 0.198
14.0 0431 0.173
14.5 N 0.188
15.0 % - 0.144
15.5 : 0.154
16.0 . 0.11
16.5 : 0.118
17.0 3 0.122
17.5 > 0.13
18.0 - 0.138
18.5 - 0.134
19.0 Z 0.136
19.5 - 0.138
20.0 . 0.15
i B8 - 0.159
21.0 ; - 0.154
215 - 0.16




M15199 #.3.12-13 NAABUN

e

nsanszUenIsueniiuns 1aad 1.42 1a 2.34 cm.

Nanmnzaydmsunseenuuudaa TasauULNTInT LU Nl

14

o

IR

SAinIanIzUenIslu FaiinsanszuenIuen FainsanIzuenlauen
r, (em.) r,=142cm r,=234 cm
V (kV) E (kV/cm) V (kV) E (kV/cm)

0.01 1.5363 100.8913 1.6911 91.6536
0.03 3.5872 432091 4.0517 38.2552
0.05 5.1869 29.883 59611 26.0081
0.07 6.5315 23.7311 7.6154 20.3534
0.09 7.6965 20.139 9.0901 17.0515
0.1 8.2251 18.8449 9.7735 15.8592
0.2 12.1526 12.7545 15.2495 10.1643
0.3 14.4581 10.7207 19.1034 8.1138
0.4 15,7102 9.8662 21.9039 7.0764
0.5 16.179 9.5803 239211 64796
0.6 16.0236 9.6732 25.3142 6.1231
0.7 15.3491 10.0983 26.1881 5.9187
0.8 14.2303 10.8923 26.6177 58232
0.9 12.7229 12.1828 26,6588 5.8142
1.0 10.8704 14.259 263547 5.8813
1.1 9.8258 15.7749 25.7401 6.0217
1.2 8.7073 17.8011 24.8433 6.2391
1.3 7.5184 20.6161 23.6878 6.5435
1.4 6.2621 247522 22.2937 6.9527
1.5 : 20.6779 7.4959
1.6 . - 18.8553 8.2205
1.7 : . 16.8388 9.2049
1.8 : - 14.6399 10.5875
1.9 - - 12.2687 12.6338
2.0 - - 9.7342 15.9232
2.1 : . 7.0447 22.0023
2.2 = : 42075 36.83

.

i
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MINN W.3.14 Ban lasaidualanunsanszuen SANEUAIARIY 0.025 mm. SAIMSINTZUBN

234 wudngs gnuinndnnuionmsnsznsvesau lfhanduasaly

ar

s9it
szpzenInmIA maviih
r (cm) E (kV/cm)
0.06 5484815
0.07 297.2013
0.08 212.7643
0.09 170.1298
0.1 144.2695
0.2 72.1348
03 558111
04 48.0898
05 434294
06 40,243
0.7 37.8923
08 36.0674
09 34.5976
1.0 ) 33.3808
i1 323515
12 31.4658
i3 30.6928
14 30.0102
15 29.4014
1.6 28.8539
1.7 283578
18 27.9055
19 27.4908
2.0 27.1085
2.1 26.7546
2.2 26.4257
23 26.1189
234 26.0018

- é T’ H o
et lasansenszuenduiiuns g areuwIiinld w 56l r 10 9 naas
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Mmsuin3ts  mamsinoumsmidihneluindemavesdion Tasansanszuenden

il 4 é @ - as
HAUSIVIULN 1 (Electrode 1) Fa0isaimsanszuendaly 1.09 udiues Sainsg

1 ¥
NILUBNIUBN 1.42 IFUAAT 2 NTHAD RUIUTUIRY? (871119#) HAZRUIU 2 FU

=4
(9119 + VDAULVI)

sruzHala ana Wi E (kv/em)
r(em.) PATRITL N I AU 2 T4
'(r,=1.09,r,=1.42 cm.) (r,=1.09, r,= 1.22, r,=1.42 cm.)

.1 17.1864 5.2145
111 17.0316 5.1675
112 16.8759 5.1213
1.13 16.7302 5.0760
1.14 16:5834 5.0315
115 16,4392 4.9877
1.16 16.2975 4.9447
1.17 16,1582 4.9025
1.18 16.0213 4.8609
1.19 15.8866 48201
1.3 | 15.7542 4.7799
1.21 15.624 47404
1.22 15.496 47016
1.23 15370 23.5078
1.24 15.246 23.3167
1.25 15.1241 23.1286
1.26 15.004 22,9436
1.27 14.8859 22.7615
136 13.9008 21.2441
1.37 13.7993 21.0879
1.38 ' 13.6993 20.9339
1.39 13.6008 20.7822
1.40 13.5036 20.6327
1.41 13.4079 20.4853
1.42 13.3134 20.3401
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mnane.3. eramasnnamearauny IWihmeluunteimavesdianlasansenssusndeunny

1 4 é r - as =
SAIULN 2 (Electrode 1) Faliseimsanszuonisly 1.9 wudiuas Saiinsg

¥ ¥
NITUBNIIUDA 2.34 IFUAINAT 2 NTDAD RUIUFUIAYD (91N7F) HAZRUIU 2 FU

(91N + VDY)
szpzriala q anallh E (kv/em)
i PTRLTE - P Az Yu
(r,=19,r,=234 cm)) (=10 =0 r,=2.34 cm.)

1.9 12.6338 4.1045
1.92 12.5022 4.0617
1.94 ; 12.3733 4.0198
1.96 12.2470 39788
1.98 12.1233 3.9586
20 12.0021 3.9188
202 l 1.8833 3.8798
2.04 11.7663 3.8416
2.06 11.6525 3.8041
208 11.5405 3.7674
21 11.4306 37313
212 11.3227 18.5678
2.14 11.2169 18.3926
2.16 . 11.1130 18.2207
2.18 11.0111 18.052
2.2 10.9110 17.8864
222 10.8127 17.7238
2.24 10.7162 17.5641
2.26 10.6213 17.4073
2.28 10.5281 172533
2.3 10.4366 17.1019
2.32 10.3466 16.9532
2.34 10.2582 16.8070




M9 1.3.21-22  mamsamuaudae W luasanuy
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¢ A & as
‘l’lmﬁ'ﬂ‘hl'lﬂ'l‘l'ﬂﬁ':ﬁil'lﬂ\l'f')wiuﬂﬂullﬁzﬂu"llll]ﬂ

thmelunndoinmanuou 2 $u @dr-emm Seil r 0.7 wudmes 1, 08

IBUAIAT 1AL 1, 1 IFUAIIAT

r Input voltage (kV)
(Cm) 3.438 4.055 5.000 6.000 7.000 8.000 9.000 10.000
A% E v E A% E v E v E v E Vv | v E
07 {34 2514l 30135037 60|32 17052 le0lselsolesl s
072 | 34 25| 40]29 |49 36|59 |so{68|s0l{79bs7sg]l6alonl 71
074 | 33124 (39|28 |48 35| 58|49 | 68| 48| 785587629770
076 | 22 | 23 | 38 | 27 | 47 | 34oP S ltddednt P42 | 75 | 54 | 85| 61 | 94 | 67
078 |32 |22 | 38| 26 [A74732 | 56|46 )|,65 | 46 22 52|84 59]93]6s
08 |28 | 17 | 33 [ A 4.1 S 0NN\\B6/1/ 58156+ 66 [NN] 74 | 46 | 82 | 51
082 | 25 | 17 | 29020 L36 L 2 T3 35 o ERs—t-g8-L a0 N\N%s | 45 | 72| 50
084 | 2.1 | 17 |28 | 20~T3% | 2913571/ 34\ L@@~ 50T | N 44 | 63 | 49
086 | 1.8 | 16 f1 /2.1 LAY | 2U1 WAL | 34 | Jaad 142 | W~hds\Na3 | 53 | 48
088 | 15 | 164 b7 | AY (PSR ExN\28/| 28\ '8 A3 P W) 9 N | a4 | 47
09 [ 12 | BN I8 AARERNTRI BT EH | 3FN 24 38 BSIRI AN 2T | W) | 35 | 45
092 109 | 157 10 | IB34-92 "1 539 0 83120360 237 lag | 26 | 45
094 | 06 | IS8 @7 | W21 i8N @2 lhblrEdeaatds 319 AN RS | 1| b | 16 | 44
0.96 | 03 | 15 1 03| 17° 04 210035 | 26 | 064730 (07434 25 [/ 39 | 83 | 43
098 | 0 | 14.R80°F a7 | B0 P (THY] 258 So/s] 7| %] 34 o flss | o | a2
10071 0 | 14 | N\ |97 0 |e2b )0 ) Tl (X% 0 | 38N 47 38| o | @
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MINN W.3.21-22 wamsﬁmamﬁ'w"lﬂ‘luﬁﬁﬁmuﬁzﬁaﬁnmmsni;%wﬂmﬁmn"lvlﬂmm”lu

¥ .
unlermanuau 2 $u f+01m1A) HeaImMUNAIA AU (r, = 0.76 -0.86

IFUAILAT)
r AWNUIB AT (cm.)
(cm) r,= 0.76 r,=0.78 » =08 r,=0.82 r,=0.84 r,=0.86
E (kV/iem) | (kV/em) | E(kV/em) | E(kV/em) | E(kV/em) | E(kV/cm)
0.7 2.383 2.588 2411 2.655 2935 3276
0.72 2.301 2.5 2.330 2.567 2.838 3.168
0.74 2,227 2.424 2.262 2.496 2.759 3.079
0.76 17.34 2.343 2.196 2.433 2,688 2.998
0.78 16.99 18.27 2125 2:376 2.623 2.923
0.8 16.57 17.94 A 16.5F 2.327 2.561 2.851
0.82 16.16 17.54 16.27 18.15 2.509 2.784
0.84 15.79 17.15 15.94 17.65 19.61 2.730
0.86 15.43 16.77 15.6 17.21 19.07 21.34
0.88 15.08 16.40 15.26 16.81 18.61 20.79
0.9 14.76 16.04 14.93 16.44 18.19 20.31
0.92 14.44 15.% 14.60 16.09 17.79 19.86
0.94 14.12 15.36 14.29 15.73 17.40 19.42
0.96 13.81 15.01 13.97 15.38 17.01 18.98
0.98 13.49 14.67 13.65 15.03 16.62 18.55




B

Men w.3.25  wansmuaudln W ludsamudiiednyimsnszaevesauin Iiinieluuny

4 £l
9IMARUIU 2 U ldRuaudnsiaiu 3 uuude ufs €, = 8) Tum (€, = 6)

uaz W% (€ =5)

' MAsfinuaudning €
(cm) uf3 (€,=8) lum €, =6) #I% (€,=5)
E(kV/cm) E(kV/em) E(kV/cm)

0.7 2.543 3312 3.905
0.72 2.457 3.202 3.775
0.74 2.386 3.109 3.666
0.76 2317 3.02 3.561
0.78 2,241 2.924 3.449
0.8 17.48 17.1 16.81
0.82 .17 16.78 16.49
0.84 16.82 16.44 16.15
0.86 16.45 16.08 15.8
0.88 16.10 15.73 15.45
0.9 15.75 15.39 15.12
0.92 15.42 15.07 14.80
0.94 15.08 14.74 14,48
0.96 14.74 14.41 14.15
0.98 14.41 14.08 13.83
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H Y P ar A 9/ - L |
@M13199 © 3.34 B1aA TasAUUUN 2 (Electrode 1T) Saimsanszuonsluvesuda 1.09 wudimias o

NIINTLVINNUBNVEIAD 1.22 uAuas tazsaiinsanszuemsluvesmion

urunaidunsmg 142 wudwas Tasliaz Taaflunalsajumeanieegnss

Q= 1 o o o
nszvensamnusanleluud

g lumareuiuunassio IWussdiugs

naznaaduluies)juansainamd 50 @5a naceutaslSuimle Touinga

¥ 1 ar L7 1 s Y
Tdfszaunssduaa q 1daeil

A15N #.3.35

#IIAU (kV) MgO,/hr
2.0 2.3
3.8 6.1
5.1 12.24
6.7 67.68
7.0 82.08
8.0 99.36

21an 1asAULLN 2 (Electrode 1) Seimsenszuanlaluve sl 1.09 wudiuas

SAIMIANTZUBNAUBNVOMAY 122 vuAuas azseiinsanszuanialuueg

vieruaunaiiluns1ad 142 wudmes laglitae Teadunlsafimeandosgyl

nasnszveniziinihivseiindhind  gmi‘lnaaeuduinasss s sduge

" ¥ . "
ATSUATAUAINNAUA 20 — 100 Alaidin narerSaslSyin e Joutfinaalds

o o ' o ‘l o/ J
FTAUNS IAUAN quaziiag I 14 14a ex

mmt:“i Power Input mgO,/hr mgO,/W-h
20 kHz 48.19 1175.0 2438
30 kHz 48.58 1076.0 22.15
40 kHz 45.6 1080.0 23.68
50 kHz 62.14 1073.5 17.28
60 kHz 94 1065.6 11.34
70 kHz 59.25 864.00 14.58
80 kHz 50.19 864.00 17.21
90 kHz 64.2 670.00 10.4
100 kHz , 126.14 684.00 5.42




MINATD UUHAIDIBUSIAUGINNINAGY

T8

9 .-g'l ] %} o :i. o a d‘l o T T I %}
VBYANINATIUINDDINUUVTIUATNUIIAUTIANNITIT NI VIATOIHAA o Iyl IAgaase

vowmaeswnsdugIaImdgaiseanily 2 diufe Bunemes Audiumfeilamsaduge

AMAINIEIART IR NTIAAAY

M19190 W.4.10 wansnaaeulseaAnin mued oA

o

.
=

annaniaa v so Jag

Frequency INPUT ' o OUTPUT e % Efficiency
(kHz) V (voits) I(a) (watts) V {volts) 1(a) (watts)
20 24 23 55.2 150.3 0.33 47.75 98 |
30 24 2.3 55.2 150.3 0.32 46.92 85.0
40 24 2.3 3.2 144.9 0.32 | 46368 84.0
50 24 23 55.2 1425 0.31 44.17 80.0
60 24 2.2 52.8 141.1 0.32 45.152 85.5
70 24 2.2 52.8 141.4 0.32 4525 85.7
80 24 2.4 57.6 148.7 0.33 49.07 85.1
90 24 24 57.6 145.8 0.34 49.57 86.0
100 24 23 55.2 146.0 0.32 46.72 84.6
19197 1.4.15 R sATeUNTBN AT MBI uANT AL KRy
F=40kHz | f=50kHz | f=60kHz | f=70kHz | f=80kHz | f=90kHz | f= 100 kHz
Vl.-\' VOUT VIN VOUT VIN VOUT VIN VOUT VIN v‘OUT VIN VOUT VIN VOUT
12| 1000 | 12 | 1040 |12 | "880)|- 12, | 1060 |~ 12" | 848} 12 | 920 | 12 | 1040
I5 | 1080 | 15 | 1320 | 15 [1360 |~-15..[.16004=15 41240 | 15 | 1440 | 15 | 1560
18 (1360 | 18 | 1600 | 18 | 1360 | 18 | 1600 | 18 | 1880 | 18 | 1680 | 18 | 2000
21 | 1480 | 21 | 1600 | 21 | 1840 | 21 | 1640 | 21 | 2000 | 21 | 1800 | 21 | 2200
27 | 1760 | 27 | 1600 | 27 | 2080 | 27 {2320 | 27 | 1920 | 27 |2000| 27 | 2500
33 | 2000 33 [2080 | 33 |2160| 33 |2440| 33 | 2240 | 33 2400 | 33 | 2600
43 | 2160 | 43 | 2640 | 43 | 3080 | 43 | 3680 | 43 | 3920 | 43 | 3600 | 43 | 3440
61 | 3200 | 61 | 2880 | 61 |4000| 61 | 5040 | 61 | 4000 | 61 | 4400 | 61 | 4480
65 | 4240 | 65 |3920 | 65 | 4800 | 65 | 5360 | 65 | 5040 | 65 | 5400 | 65 | 5200




MW K415 ranmsnaaeuinasie Tihossdugenszuaady
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ﬂ‘nlli-; Ve I P Moo mgO,/hr mgQ/W-h
20 24 2.05 49.2 6000 1123.5 22.83
20 239 203 48.52 6000 1060.0 . 21.85
40 24 1.9 45.6 6000 1080.0 23.68
50 239 2.6 62.14 6000 1073.5 17.27
60 235 27 63.45 6000 1002.5 15.8
70 23.7 2.67 63.32 6000 1076.4 17.00
80 23.9 2.66 63.57 6000 1076.4 16.93
90 23.78 27 64.206 4000 670 10.43
100 238 53 126.14 4400 684 5.42
PV System
MINARBANENT V-1 Chafacteristic YOUIHUTAR {6174 finad1e 9
nm 1 > 4 5 ' 6 ik 9 10
A% Vv I A 1 v | v I Y : 1 Yt A% 1 Vv | v |
600 0 o ] 0 0 1] ] o 0 0 Q 0 (] 0 0 (] 0 o 0
700 0 0 0 0 0 0 (1] 10 a L] ] Q o 0 o 0 '] 0 0
8.00 184 137 045 "1 048 178 05 33 0358 33 EH 168 : 051 167 051 068 0351 031 051
9.00 184 16.7 056 62 | 073 145 0.9 f 108 1.1 78 1.16 7 534 118 322 118 099 118 031 L18
10.00 182 16.7 0358 163 078 154 104 130 134 57 142 ) 6.81 144 39, 1.46 L15 1.46 033 146
I ! 00 15.0 166 04 163 | 05 156 ) 07 141 096 lﬂ.i L 788 112 4N L4 155 114 058 114
l 200 1ns 161 038 155 0s 14.4 0.66 144 0.78 85 08 584 084 366 084 091 0s? 048 082
]3% 184 1o 0.4 ISJ’ 052 iSD i 0.68 113 082 808 (%] 537 08 305 08 1.06 0s 04 08
i400 178 154 036 143 04 111 oS 74 0s 01 05 333 05 196 05 0.48 0.48 02 048
lj(x) 179 13.1 03 103 032 741 032 4584 033 332 033 226 033 127 033 047 033 0.19 033
16.00 17 586 o0.1s 43 0.18 286 0.18 198 018 139 0.18 100 0.18 073 0.18 034 0.18 028 018
[700 0 0 0 0 0 0 1] 0 0 0 o 0 0 0 0 0 (4] 0 0
1800 0 (1] (] 0 0 0 1] 0 0 L] 0 0 0 0 o 0 0 0 ]
l900 o ] 0 0 0 0 0 o 0 0 0 o 0 0 0 0 0 0 0
20_00 0 o 0 ] ] [ (/] a 0 0 0 0 0 0 0 0 0 0 0
2 ] .m 0 '] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 4]
2200 0 0 0 0 0 0 0 0 0 0 0 0 ) (] 0 0 o 0 0
2300 0 0 [+] 0 0 1] 0 a ] 1] ] 0 0 0 0 (1] 0 o 0
2400 0 0' 1] 0 . 1] 0 0 0 0 0 ] 0 0 ] 1] [ 0 0 o
IOO 1] a 0 0 0 0 0 0 4] ] 0 1] 0 0 (1] 0 0 0 0
200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
300 0 0 0 0 0 1] (1] 0 0 0 0 0 ] 0 (1] 0 [} (1] 0
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STEEL FURNITURE ROUND PIPE  Outside Diameter : £1/64 inch (0.4 mm)
AND GENERAL STRUCTURAL For the 1}/ inch and small sizes
PURPOSE + 1 % for the 2 inch and over
Wall Thickness 1 +212%
Length 1%
Qutside Diameter Warll Thickness Calculated Calculated
¢ inch d)mm (mm) Weight per meter Weight per pc (6m)
3/8 9.5 0.9 0.18 1
V2 12.7 0.9,1.2 0.27,0.35 1.6, 2.1
5/8 15.9 0.9,1.2,1.6 7 0.35, 0.43 2.1,2.6
a 19.1 09,12, 1.6 0.40,0.53, 0.77 24,32,46
7/8 2.2 0.9,1.2,1.6,2.0 0.48, 0.63, 0.85 2.9,3.8,5.1
1 25.4 0.9,1.2, 1.6, 2.0 0.57,0.72,0.93 3.4,43,56
1% 28.6 1.2,16,2.0 0.82, 1.07 4.9, 6.4
1Y 31.8 71,2, 1.6,2.0 0.88,1.12, 1.45 5.3,6.7,8.8
134 34.9 1.2,1.6, 2.0 1.02,1.34, 1.66 6.1,8.0,10.0
14 38.1 12,1.6,:2:0 1.08,1.35,1.68 6.5, 8.1, 10.1
14 41.3 12065 2.0 1.18,1.43,1.97 71, 8.6, 11.8
1% 445 1.2, 1.6,2.0 . 1.25, L,57, 2805 7.5,9.4,12.9
174 47.6 1,2,:1.6, 2.0 1.35,1.67,223 8.1,10.0,13.4
2 50.8 1.6,2.0, 30 18, 2.38 10.8, 14.3
24 51.2 1.6,2.0,3.0 2.03,2.78 12.2, 16.7
23 60.4 1.6,2.0,3.0 2.22,2.93 13.3,17.6
2Y 63.5 1.6, 2.0, 3.0 2.43,3.12 14.6, 18.7
3 76.2 1:6, 2.0, 3.0 2.867,4.33,5.8 17.2, 26.0, 34.8




BP THAE SOLAR

BPTS 1255 HP, BPTS 1270 HP

A high performance solar module
with maximum power of 55 watts/70watts

High efficiency monocrystalline square
silicon cells.

Designed for maximum reliability and minimum
maintenance.

Produced using in-house technology in cell
manufacturing and encapsulation.

Highly resistant to water, abrasion, hail impact
and other environmental factors.

Lightweight anodised aluminium frame with
silicone edge sealant aroung the lzminate.

All proven products, only matedals with
extensive field experienced used.

Designed and manufactured to comply
with European, Amerncan and Australian standards.

- Telecommunications
- Radio Networks

- Navigationzal Aids

- Telemetry

- Cathodic Protection
- Obstruction Lighting

Water Pumping
Domestic Lighting
Domestic Power
Rural Electrification
Medical Refrigeration
Railway Signalling

BPTS 1255 BPTS 1270
Power (Watts)
— Nominal Peak Fower Point 55 70
Voitage (Volts)
- Peak Power Point i
— Nominal 12
- Open Cireuit 21.2
Current (Amps.)
- Peak Power Paint =23 4.16
= Shod Circuit 3.54 4.48
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36 series connected, 104mm monocrystalline
silicon pseudo square cells.

Toughened high transmission (92%) glass,
3mm thick.

Encapsulant: Ethylene Viayl Acetale (EVA).
Back surface: Polyester/Teclar talaminate.
Frame: Anodised aluminium,

Frame seal: Silicone.

Junction box: For external connections, and
by-pass diode incorporation.

Weight: 5.9 kg.

Dimensions:

- Length: 981 mm.

- Width 447 mm
Depth: 38.5 mm

Module power measurements are specified using sun
simulators referenced to (nternational Siandards.

Figures specified are at standard conditicns of
100m W/cm2 of light intensity (AM 1.5) at 25°C cell
temperature.

='BPTS 1270 HP
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36 senes connected, 125mm monocrystalline
silicon pseuda square cells,

Toughened high lransmission (32%) glass.
3mm thick;

Encapsulant: Ethylene Vinyl Acetate (EVA).
Back surface: Polyested/Ted!ar tnlaminate.,
Frame: Anodised aluminium

Frame seal: Silicone.

Junction-box; For-external screw terminal

connections, with by-pass diode and
blocking diede options. The'box has a

hinged weztherproot lid and thrae cable gland

entrv.points

Weighti~ 7.5 kg

Dimensions:

=“Length:” 1165 mm
=""Width: 530 mm.
—~ Depth: 38.5 mm

DISTRIBUTOR

BP Thai Solar Corp., L1d.

101/47r§ Nava Nakom indusinal Extaie
Phaholyotrin Boad, Klong 1
Kionghuang, Pathumthan

Thadana

Tet «+66-2-525-11056

Fax: «66-2-579-4542

BF Solar International Lid.

Solar House

Snoge Streel, Leathamead
Surrey, KT22 BBZ

Unmed Ki

Tel: «44-372-377899

Tix: BIS8ET

Fax; « 44372077750

B8P Solar Lid.

BP Solar Australia Pry. L1d.

Credsac House, Oxforg Road,  P.O. Box 519

Stone, Ay

Bucks HP 17 8PL
Unsted Kingaom

Tel: +44-296-747 222
Tix: 838867 BPSOL G
Fax: «44-796-748 111

Brookvaie

N.S.W. 2100

Austraiia

Tel: +61-2-938-5111

The: AA 70605 BPSOL A
Fax: +61-2-939-1548

BP Solar Espana SA.

Calla Prmera No. §

Poligona industnal da Vaiporiio
Alcobendas, Madnd

Espana

Tei: «34-1-661-1614

The: 48496 BPSE £

Fax: +34- 16614713
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MC14043UB
MC14050B8

HEX BUFFERS

The MC14049UB hex inverter/buffer and MC140508 non-
inverting hex buffer are constructed with MOS P-channel and
N-channel enhancement mode devices in a single monelithic
structure. These complementary MOS devices find primary use
where low power dissipation and/or high noise immunity is
desired. These devices provide logic-level conversioa using only
one supply voltage, Vpp. The input-signal high level (Vi) can
exceed the Vpp supply voltage for logic-level conversions. Two
TTU/OTL Loads can be driven when the devices are used as
CMOS-to-TTUDTL converters (Vpp = 5.0V, Vo < 0.4V,
loL > 3.2 mA). Note that pins 13 and 16 are not connected in-
ternally on these devices; comsequently connections to these
terminals will nat affect circuit cperation.
® High Source and Sink Currents
@ High-to-Low Level Converter
® Supply Voitage Range = 3.0Vt 18 V
® Meets JEDEC UB Specifications—MC14043UB

Meers JEDEC B Specification—MC140508
® Vi can exceed Vpp

MAXIMUM RATINGS" (Voitages referencad to Veg) 5 A

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 548

D SUFFIX
sQIc
CASE 7518

1

Rath Symbol Value Unit
e ORDERING INFORMATION
OC Sucply Voltage Voo =0.5t0 +i8 v A toscr (@
[ MC14 st
Input Voltage {OC or Transient) Vin 05t ~18 b MC14XXXBCL' Cera:w'
Qutput Voltage (DC or Transient) Vout -0510Vpp+0S | ¥ MC14XXXBD ~ SCIC
Input Current (DC or Transient), per Pn lin =10 mA Ta = =55"10125°C lof 2l packages.
Qutout Current (OC o Transient]. per Pin fout ~45 mA
Power Dissioation, per Packaget Po 500 mw
Storage Temoerature Tstq -65.t0.+~150 *C
Lead Temoerature (B-Second Soldenng) T 260 '©
"Maomum Ratngs are D0se values Deyond winc damage (0 Me cevics may ocour.
T Oeraong: Al P: = 7.0 mw/ G lrom 65'C o 125°C. LOGIC DIAGRAMS
MC14049U8 MC140508
CIRCUIT SCHEMATIC
(1/6 OF CIREUIT SHOWNI _4>°_ >__
3 2 J 2
MC14043U8 MC 140508 :
5—D=——— 2 5 —D— 4
§ Voo r—DO— ) 7 ——D-— 6
| lieher A 2%, S B B 1 e ‘;__{'“ S—0
o3 el 1" 12 " __D__ 12

NC = Pin 13, 16
Vgg = Pin 8
Vgp = Pin 1

_NC = Pin 13,186
Ve =Fa8
Vpp = Pin 1




MC14043UB*MC14050B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vssg)

126

e o " .| oo -55°C 25'C 125°C i
1!
il ymbol| vde [T Max | in Typ | Max | Min | Max
Gutput Voltage "0 Level 50 | —.} 005 —_ 0 005 | — | 008
Vin = Vpp or 0 VoL 10 - 0.05 — 0 0.05 — | 005 | Vdc
15 - 0.05 - 0 0.05 — 0.05
17 Level 50 ' \495 — 485 50 — 495 -
Vin = 0 or Voo VoH 10| 9.95 - 255 10 - 9.95 - Vdc
15 . 14.95 | / < 1495 15 — | 1a95 | —
input Voitage MC140430U8 “0” Level

Vo = 4.5 Vdc) v 50 1.0 225 1.0 — 10 | yae

(Vo = 9.0 Vde) o I S 20 = 50 20 | =] 20 :

(Vo = 13.5 Vec) 15 - 25 —- 6.75 25 - 2.5 “

“1* Levet i

(Vo = 0.5 Vidc) 50 4.0 - 40 275 - 4.0 - Vde

(Vo = 1.0 Vec) M S ap]\ DN R SR ey 80 A S

(Vo =1.5Vdc) s 125 125 8.25 — 1255 —

Input Voltage MC140508 07 Level

(Vo = 0.5 Vde) v 5.0 - 1§ - 225 15 — WY vee

(Vo = 1.0 Vde) t 10 - 2.0 AN 4.50 1.0 < a0

(Vo = 1.5 Vec) 15 - 40 - 5.75 4.0 — 40

1" Lavel

(Vo = 4.5 vdg) 50 i5 - s 2.75 - 3.5 — v

(Vg = 8.0 Vdc) B W8 > N Boblel Ll 4o yo T} | V=

(Vg = 13.5 Vdcg) ' is 1 - 11 825 — 31 -

Cutout Dave Cument IcH

(VOH = 2.5 Vdc) Saurce 50 =16 — =1,85 2.9 - -09 -+

(VOH = 9.5 Vdc) 10 | -18 - ~1.3 -25 - -09 | — || mace

(VoM = 13.5Vdcg) 15 =37 - ~3.75 - 10 - -27 | =

(VoL = 0.4 Vde} Sink oL 50| 278 — a2 5.0 - 22 —

(VoL = 0.5 Vde) 10 10 - 8.0 16 - 5.6 —

(VoL = 1.5 Vdc) 15 30 - 24 40 — 17 — | mAde
Input Current lig 15 — ) =09 ~ 7} =9.00007] =0.1 — £1.0 | pAce
Input Capacitance Cin — — — - 10 20 — —_ pF

(Vin = 0)

Quiescent Curmrent Ipp 50 1.0 —_ 0.002 1.0 —_ 30 pAdc

(Per Package) 10 —_ 20 - 0.004 2.0 — 80

15 &0 — 2.006 40 — 120
Total Supply Current™"t T 5.0 It = (L8'uAKHZ) + IDpp rACC

(Dynamic pius Quiescent, 10 Ir'= (35 pAkHAT + ipp

Per Package) 15 I = (5.3 pAkHzZ) '+ Inp

(C = 50 pF on ail outputs, all

buffers switching)

#Data labelled “Typ" is not to be used lor design purposes but is

intended as an indication of the IC's potental performance.

“*The formulas given are for the typical charactenstcs cnly at 25°C.

1To calculate total supply cument at loads other than 50 oF:

H{CY = IT(50 pF) = (C - 50) Vik

where: IT is in uA (per package), C( in p

F.V = (Vpp - Vsg) in volts, . .
fin kHz 18 input frequency, and k = G.C02.



422 OZONE (RESIDUAL)*

Ozone, O,, a potent germicide, also is
used as an oxidizing ngent for the destruc-
tion of orgnnic compounds producing taste
and odor in water, for the destruction of
organic coloring matter, and for the oxj-
dation of reduced iron or manganese salls
to insoluble oxides, which can he precipi-
tated or filtered from the water,

1. General Discussicn

']'lu; iodetaeiric method deseribed s
quantitative, subieet to few interferences
except for most volatile axidants, and ca-
pable of good precision. The method also
can be used for the determination of ozone

in air by ubsorption of the ozone'in wdide
solution.

*Approved by Standard Methods Comminee, 1981,

Il iodometric titration is considered un-
desirnble, any method for ineasuring resid-
ual chlorine (see Section 408) may be
applied alter ozone stripping into the ad-
sorber has been completed. These methods
determine iodine with neeeptable aceuracy.

The ozone concentration in walter, air,
or oxygen also can be determined contin-
uously by photometric instrueients, which
mensure thestrong absorption ozone exerts
at the wavelength of 253.7 nm.

a. Principle; Orone liberates iodine from
a potassium jotide (K1) solution. For ac-
curate results make the sojurion alkaline
during absorption of ozone. In practice, K1
solutions quickly: become alkuling during
the process, so bullering is not required.
After immediate acidificution, the liberated
iodine is titrated with standurd 0.005M so-
dium thiosullate (Na,8,0,) with starch in=
dicator.

b. Interference: Because ozonnted waler
may contain manganese dioxade, ferric jon,
chloring, possibly peroxide, and other ox-
idation products, avoid these interferences
by passing the ozone through the gascous
phase into a K1 solution for titration. Ti-
trating a sample added directly 10 the K1
solution  (without first  passing  ozone
through the gaseous phase), as compared
with titrating alter ozone stripping, will in-
dicate whether interfering oxidants are
present. Il such interferences are absent or
negligible, ozone transfer through inert gas
stripping may be climinated.

The stability of ozone solutions decreases
progressively at each increment in temper-
ature above freezing and with each incre-
ment in pH above 3.0.

c. Sampling and storage: Determine
ozone immediately; samples cannot be pre-
served or stored because of instability of
the residual. The stability of residual ozone
is markedly improved at low temperatures
wnd low - pH. Mindimize - aeration during
sumple collection.

d. Minimum detectable | concentration:
Approximately 30 pg O,/L.

2. Apparatus

The following are required -for sample
collection:

a. Gas-washing bottles and absorbers, |-
L and 500-mL capacities. To prevent loss
of ozone on glass frits found on standard
wash botes, cut off glass diffusers and
draw tube into a l-mm tip extending 10
approximately 5§ mm from bubbler bottom.,

b Pure air or pure mirogen gas supply,
0.2- to LO-L/min capacity.

¢ Glass, stainless sieel, or aluminum pip-
ing, for carrying ozonized air. Good-qual-
iy polyvinylt tubing also may be used for
shori.runs, but-do not use rubber.

3. Reagents

a. Potassium ivdide solutions Dissolve 20
g KL free from iodine, iodate, and reducing
agents, in- b L freshly boiled und cooled
distilled water. Store in u brown bottle in
o refltigerator, Stare ut leust 1 d before us-
ing.

b\ Sulfuric acid, H,SQ,, N.

c. Stundard sodivm  thiosulfate, 0.1M:
Dissolve 25 g Na,S,0,: 5H,0in | L freshly
boiled distilled water. Standardize ngainst
potassium bi-iodate (alse called potassium
hydrogen iodate) or potassium dichromate
according to the procedure described in
Section $08A.2¢.

d. Standard sodium thiosulfute titrant,
0.00541: Dilute proper volume (approxi-
mately 50 mL) of 0.18f Na,S,0; to 1000
mL. Vor accurate work, standardize this
solution daily, using cither 0.005M potas-
sium bi-iodate or potassium dichromate so-
lutiop. Standardize as described in § 4c
below; 10O mL standard Na,$,0, titrant,
0.005M =120 pg O,

e. Starch indicator solution: Use either
an aqueous solution or soluble starch pow-
der mixtures. X

To prepure aqueous solution, add a cold
water suspension of 5 g arrowroot or sol-
uble sturch to approximately 800 mL boil-
ing water, with stirring. Dilute to 1 L, boil
a few minutes, and let settle overnight. Use
clear supernate. Preserve with 1.25 g sali-
cylic acid/L or by adding a few drops of
toluene.

J- Standard iodine, 0.1M: Dissolve 40 g
Kl in 25 mL distilled water. Add 13 g
resublimed iodine and stir untll dissolved.
Dilute to 1 L and standardize as described
in Section 408DB.3g.

§ Srandard iodine, 0.005M: Dissolve 16
g KI in a little distilled water inra 1-L

. =~
volumctric flask, add proper volume (ap-
proximately 50 mL) of 0.1M iodine solu-
tion, and dilute to mark. For accurate
work, standardize daily. Store solution in
a brown bottle or in the durk. Protect from
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428

direct sunlight at all times and keep fram
all contact with rubber,

4. Procedure

a. Sample colleetion: Colleet an ROO-nl.
sample in a 1L pas washing bottle,

b. Ozne absorption: Pass a steeam of
pure air or N, through sample and (hea
through an absorber containing 400 mL K
solution. Continue for S ta MY min at a rate
of 0.2 to 1.0 L/min to insure that abl ozane
is swept from samiple and absorbed-in K1
solution.

¢. Titration: Transfer KT solution to.a -
L beaker, rinse absorber,aund add 20 mL
IN 1,50 to reduce pli below 2.0, Titrate
with 0.0058 Na,S,0 titrant until yellow
color of libernted iadine almost is dis-
charged. Add 4wl starch indientor so-
lution and continue titrating carcfully bt
rapidly to the end paint, at whichlic blue
color just disappears. Long contact of io-
dine and starch devclops o blue compound
that is difficult 1o decolorize. The énd point
‘may be determined amperometrically us
described in Section 40RC.4h except thut
Nu,$,0, ean be used w8 the titrant. Ouhec
procedures given in Section 408 [or meas-
uring iodine may be used.

d. Blank test: Correct sample. titeulion
result by determining blunk contributed by
such reagent impurities as lree fodine or
iodate in K1, or traces of reducing agents
that might reduce liberated iodine.

Take 400 mL K1 solution, 200 mL 1N
11,50, and 4 mL starchindicator soluon:
Perform whichever blank titcation below
applies:

1) I & blue color appears, titrate with

C0.0050 Na,S,0, 0 disappearance of blue
and record result.

2) U no blue color appears, titrate with
0.005A1 1odine solution entil a blue coler
appears. Buck-titrate with 0.00541 Na,s,0,
to disappearance and record difference.

Belore calculating ozone concentration
subtract blank titration in {| 4d/1) from sam-
ple titration, or add result of | 442) ubove.

INORGANIC HONMETALS (400)

£. Calculation

(4 = H) % M X 24000

mg O/ =
ml, sample

where:
A = maeant for sample,
1=l tiveant foeblank (positive or neg-
ative), and

M= wmakarity of Na, S, 04,

6. Interprelation of Results

The preeision of the test is within %1%
lor cuncentrations. of 3img O,/L or greater,
However, rapid decrease of the résidual oe-
curs in the ime elapsing between sampling
andl testing. Temperature also is an impor-
tunt faclor incthie decrease.
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Design of Ozone Generator using Solar Energy

S. Potivejkul,

V. Kinnares,

P. Rartanavichien,

King Mongkut Institute of Technology Ladkrabang, Thailand.
Tel (662) 32660526101 Ext 2619, 2623, e-mail: siriwat@mut.ac.th

Abstract

This paper presents design of an ozone
generator by using solar cells as energy source. 12 V de
from solar panels is transferred and converted to dc
voltage —8kV with ripple frequency of 15 kHz. It was
tested and compared with normally negative dc in terms
of the capability of ozone production. Air is passed
through electrode sets to split and recombine to. form
ozone by corona discharge. For electrode design,
concept is based on gas ionization in highly non-uniform
field [3]. Point-to-plane electrodes are selected, are tested
to find out the appropriate one. The prototype system can
generate ozone gas from air approximately 20 mgOy/hr.

1. Introduction

Ozone has been widely used for water and air
treatment due to its strong oxidation {1]. The process of
generation deals with corona discharge of gas in high
voltage. As regards to energy source, in tropical
countries, solar energy is unlimited. The attempis (0 use
clean energy, the study and design of a power supply
which converts solar energy into high voltage have been
performed. 12V dc from solar module is used as source.
This paper is concerned with the conversion of 12V dc
(ripple frequency of 100 Hz approximately) into dc high
voltage (ripple frequency 15 kHz approximately). Such
voltages are fed to electrodes for ionizing gas. For
electrodes design, concept is based on gas ionization in
highly non-uniform  field. The reaction of ozone
generation composes of 2-mechanism [1];
1 Oxygen free radical generation. ’

9, +e—> 0] +2e  direct iouization (1)

— 0" + O+ 2¢ disscciative ionization  (2)

— O+0O+e dissociation 3)

-0 +0

2. Ozone generation
0-'1-02+AJ~—)OJ+M‘.J\M=O2 oc NG ()

The reaction of formation occurs in air passing through
the high electric field discharge gap as shown in Figure 1.
There is many factors correlating ozone generation,
besides the main parts concerned in this work such as the
temperature, dryness and contaminants in the fed air.
Ozone is the strong oxidant, which is well known for
various water treatment procedures. The capability of
oxidizing is better than other oxidants such as Chlorine.

dissociative attachment (4)

0-7803-5146-0/98/510.00 ©1998 IEEE.

With this property and many outstanding advantages,
there are many studied concerning with ozone generation.

Figure 1 Basic ozone generator configuration.

2. Basic considerations for system design

The experimental system designed as a
prototype ozone generator consists of 3 main parts as
shown in Figure 2. The considerations of design each part
is referred to the effective yield of ozone produced at
output. Highly non-uniform electric ficld is used as the
energy source for electron to’ionize oxygen atom in air,
splitting into free atom and then recombining to form
ozone. In order to specify the parameters used in each
part, basic concept of ozone generation must be
understood. Apart from the factor of air inlet preparation
and temperature control which are not considered in this
paper, the following three main parts are observed.

2.1 Solar energy system. This system provides 12 V dc
as input for the ozonator. Four panels of solar cell
module 75 watts are used. The junction among solar
cell array, power supply and battery are connected
and controlled with ECU (Electronic Control Unit).
ECU is a device responsible for battery protection.
The function is included with “Hi-cut off” to
disconnect charger from battery when over charging
occurs, “Low-cut off” to disconnect load from
battery.-ECU is the coordination device in solar
system.

2.2 Power supply. Although this system is designed for
using with solar energy system 12 V dc, back up in
case of emergency can be supplied from line voltage
220 V, 50 Hz as well. The principal of power supply
"design is based on corona phenomena generation. It
is well known that negative dc has lower ignition
voltage (V;) and higher breakdown voltage (V,) for
highly non-uniform electric field. On the other hand
the effect of frequency is outstanding to enhance
corona phenomena. In this experiment, dc power
supply with high ripple frequency has been built.

WP2-10.1
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2.3 Electrode sets Electrodeis designed for highly non-
uniform electric field generation. ~Point-to-plane
configuration are selected, Two types of  point

arrangements have been built. One -is  the
arrangement of bundles of points, 754 bundles, 1508
bundles and 3016 bundles and another is the
arrangement of 210 points. All electrodes are the
same size and arranged on the same surface. The test
and comparison have been performed.

bundle of points T points

L TRARAANIT mJ

{ preme - k|

i

Figure 3 Front view of electrode arrangement

i

3. Design and experimental results

3.1 Electrode Sets
As shown in figure 3, electrodes with highly

non-uniform electric field configuration was built to
supply energy for ionizing oxygen molecules. They are
different in 4 arrangement of points. All of them are
tested with a standard dc, Ligh voltage in a laboratory.
The results of ozone production have been collected and
compared as shown in Figure 4. According to the force of
electric field, oxygen gas is ionized and recombined to
form ozone. The yield of ozone is measured in mgO; per
hour by chemical reaction called “lodometric Method”.
The symbols in Figures 4 and 5 represent for each
arrangement of points are as follows.

+ :754 bundles of points

- :1508 bundles of points

*  :3016 bundles of points

o :210 points

WP2-10.2
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water

dissolution system

Figure 4 Ozone production in different
type of points arrangement.

Figure 5 Ozone yield per point of electrode in
different arrangement.



Figure 4 shown the results of total ozone
production among 4 amrangements of point-to-plane
electrodes. 3016 bandles of points yielded the maximum
rate of ozone production, whilst 210 points yielded
minimum. Conversely, it is illustrated in Figure 5 that the
ozone production per sec per point of 210 points-
clectrode is maximum, while 3016 bundles of points
yield is minimum. Concerning with ozone formation
conditions and high voltage technology principles, It can
be seen that the unsuitable temperature (too high)
destroyed ozone. Ozone is formed in the equilibrium
reaction, the rate of formation and decomposition are
related. Production rate is reduced by heat dissipation
according to break down in air gap. Bundle type has
more area of ionization due to more points per electrode.
As a result, total yield is higher. But in this arrangement
it is hard to maintain the smoothness of surface of
jonization points. As shown in Figure 3, the length of air
gap is not equal in all points. This leads to break down
easily in some points, which are longer, while the
required corona discharge occurred in others. Point-type
has less area of ionization comparing with the bundle-
type but the higher yield per one point is obtained. This is
because the capability of ionization process is better. All
points of pins have almost on the same level. Maintaining
the smoothness of surface of ionization points is
performed easier.

3.2 Ozone generator

5 SRRARTRIIIIHAANIH,
= R e
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Figure 6 The prototype 0zone gencrator

The prototype ozone generator has been built.
It's composed of 3 electrodes with 1.3 cm..gap length.
Air is sucked by fan passing through electrodes and
ionized in highly non-uniform electric field. The
appropriate design is determined from the experiment. of
ozone generation. The components and structure are
shown in Figure 6. They are as follows :
Air inlet fan.
Glass chamber ( 20x 20 x45cm ).
Bundle-type electrode  (14.4x28.8cm )
made fro. brass stgings.

4. Plate of ground made from copper.
Ozone output is measured by cherical reaction against
Potassium TIodide (KI). The standard method of
measuring called “lodometric method”. The precision of

L.J!\J_-

measurement is within +1% for concentration of 3
mgO,/L or greater.
3.3 Power Supply

A dc-to-dc converter, which converts 12 V dc
from a solar system to negative 8 kV (dc) with ripple
frequency of 15 kHz approximately, was built. Figure 7
shows the block diagram of conversion procedure. A fly-
back transformer in black/white television is used to step
up to dc high voltage. In the part of high voltage
generation, rectified 100V dc must be converted to ac,
stepped up and then rectified at fly-back transformer
output. The output ripple frequency is determined by a
fly-back transformer.

—

laac 1
High voltage

W |
| szvee ! P: us::::i 100vec )| Generator i
' { B geagel?
e .

N

Electrode sets

SR

PWM
Contraller

7

Figure 7 DC power supply with high ripple
frequency (-8kV, 15kHz)

Figure 8 Output waveform of high voltage generator

The output with high ripple frequency is shown in Figure
8. The comparison between the high ripple dc supply and
the conventional dc supply (100 Hz ripple frequency) in

terms of the capability of ozone generation has been’

performed. The results have shown in table 1. At nearly
the same rate of ozone production (mgQOs/hr), power
utilization is much different. The rate of ozone
production per energy consumed (mgO,/W-hr) of the
constructed dc power supply can yield more than 9 times

WP2-10.3
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of 0zone when comparing with the yield from standard dc
source in laboratory.

Table 1 Comparison of ripple frequency effect on energy
consumed and ozone yield between 2 types of DC
supplies.

Power Supply W mgOyhr mgO,/Whr
Standard dc 2484 16.128 0.065
High ripple

frequency dc 2.8 14.112 0.619
33 Solar System ‘

The method for sizing solar system in this paper
is not intensive design for maximum efficiency. This is
the prototype for testing. In order to meet energy
requirement, the components in Figure 6 are considered
in terms of wart utilization. The steps are as follows:

1). Total load of this system is as follows.

1. Ozone Generator 24 W
2. Air inlét fan 16w
Total 40 w

Increasing 20 % due to. swithching loss in dc power
supply , total load becomes 50 W,

2). The evaluation of energy requirement per day is
divided into day and night.estimation.

From 1), daily approximation for sunshine is' 8 hours.
Energy requires in day is 50x8 =400 W-hr.

The 16 hours remained in each day requires energy from
battery for operating 50x16 =800  W-hr

If the charging efficiency of battery is about 85%, in the

night energy required is -&—‘2% =941.18  W:hr.

So, total ei.ergy requiréd per day is
400+941.18=1341.18 ‘W-hr.

3). 4 Modules of 75 W solar cells are used- The value of
‘Daily Insolation® in Thailand is 5 peak-hr per day. So in
each day, total energy receiving from solar panel is

Daily Charging = 75x 5x4 = 1500 W-hr
Battery selection for this system (1,500 W-hr) is

L 125 Ah.
i2

Assuming that 125 Ah. is 20% of battery capacity for
long life cycle.

Capacity of battzry = %:-25- = 625 Ah.

In case of cloudy, rainy or winter, this systern has 220 V.
50 Hz ac line voltage as a system bach up. Power supply
is designed for 2 types of input selection both from <alar
system and rectifying ac voltage to 12 V dc.
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4. Conclusion
The main finding of this work could be drawn as follows:

1. Ozone generator by solar energy can operate as
a stand-alone system for this instance. The
output yield has tendency to increase easily by
considering more factors such as temperature,
air preparation or chamber shielding. This is not
the most effective system, the prototype can
produce ozone 20 mgO,/hr approximately.

2. A dc power supply for converting 12 V from
solar system into high voltage was built and
tested. Rated output voltage is approximately
8kV negative dc with 15 kHz ripple frequency.
A fly-back transformer is used as high voltage
generator.

3. Frequency of voltage has strongly effect on
ozone production. The comparison between dc
voltage with high ripple frequency (15kHz) and
dc with low ripple frequency (100Hz) is
conducted. It can be found that ozone
production per energy consumed is outstanding
increase with frequency effect. It is shown that
when the frequency of voltage increase, the
lower magnitude of voltages are required for gas
ionization.

4. For point-to-plane electrode arrangements, point
electrodes give the better results. Although the
bundles of points yield higher rate of ozone
production per = hour, the rate of
azone/point/second is minimum. The reason is
that when shorter pin-point in bundle cause
corona, the longer one cause breakdown. Heat
digsipation from breakdown destroyed ozone.
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Abstract

This paper presents the ozonation system emphasized on
PV (PhotoVoltaic) system sizing for the generation
procedure. DC voltage is converted ito dc high voltage 10
enhance ionization in gas. The proposed method attempts
1o improve the efficiency of ozone generation by using
frequency effect in corona discharge in gas. High voliage
switching power supply with high frequency of ripple
voltage is built and tested. Total power required for daily
operation is examined and indicated the size of PV system
components. AnAC 220 volt, 50-hertz is used as a back up
system. Finally, PV system sizing for ozone generation is
achieved. wheré ozone is used as the reagent for de-
pollution, while the generating process is not increasing
more pollution. ¥

Keywords
PV. 0zone generator, ionization, corona discharge.

1 INTRODUCTION

Ozone is the commercial-gas for air and water treatment.
The process of generation must operate on site because of
Ws characteristic’ High voltage technology is applied to
ionize oxygen molecule in air The basic concept is shown
in Figure 1 ¢

! HEAT
| \  Becrace
( ."T\ | 02 Discharge Gap 03
SAN\k
HEAT

Figure 1: Basic ozone generator configuration

Twao steps of ozone formation reactions are as follows:

1. Oxygen free radical generation.

0, +e—>0j +2e  direct ionization (1)
— 0" +0 + 2e dissociate ionization (2)
—50+0+e dissociation (3)
-0 +0 dissociate attachment (4)

2. Ozone generation
0+0,+M—=0;+M M=0,0rN, (5)

The energy sources can make this action possible by
electron collision emitted from high voltage source in
corona discharge. The system of ozone generation
composed of three main parts: energy source (PV
system), electrodes set {corona cells) and dissolution
system. Components and total energy for daily are the
primary stages of requirement 10 be determined.

2 PHOTOVOLTAIC SYSTEM

The photovoltaic system (PV) consists of a number of
parts as shown in Figure 2.

LOAD

Figure 2. Photovoltaic system compartments

There are two energy sources, normally PV generator
and UPS for system back up in case of winter or
cloudy day, Energy from PV generator is selected to
flow to load The conversion is performed by power
conditioning and the control of battery charging. This
proposed method is categorized as stand-alone system.

2.1 PV Generator

Solar cells are used for converting solar energy to
electrical energy, where the main part of the system is
the photovoltaic generator. The number of cells in
module is governed by the voltage of the module. The
value of voltage operating iics to matcn 10 the voltage
of the storage sub-system. The three most impor@nt
electrical characteristic of the module are the short
circuit current, open .circuit voltage and maximum
power points as function of e temperature and
irradiance. These characteristics resemble the I-V curve
of solar cell. For this study, the PV generator is
observed and tested these characteristics correspond to
the intensity of light and the angle reference to earth
plane
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2.2 Energy Storage

PV supply is variable in time and usually stand-alone
system, has energy storage subsystem. Battery is well
known for PV system energy storage. Their specific
features are differed from nominal property in other
utilization. It is operated under specific conditions, which
must be allowed for in the system design. As they affect
both life and efficiency of battery operation. The
specifications are as follows

1) Daily shadow cycle, and
2) Deep cycle in winter or cloudy day

For battery charging, many conditions are in considered as
mention as follow

2.1.1 Charging Voltage Stability

To avoid the damage, battery must be charged correctly.
For PV system, charging procedure is controlled by’ self-
stabilized module. When it is full from charged, charging

current will decrease automatically for protecting  the
damage due to-over-charging trickle current ,

2.2.2 Dark Current Leakage

In night time, there is leakage curment flow back 10 PV
module. Total electrical loss due to dark current leakage to
PV module is too much to accept. A blocking diode is the
solution by blocking reverse direction of current flow

2.2.3 Charging Regulator

According to self-stabilized control module; two damages
may be occurred; for example insufficient rate of charging
battery and low charging current in cloudy day. In case of
battery with 15 V terminal voltage is used, more cells in
solar module will rise this voltage up. Excess voitages
cause gas emitting in bauery It can damage battery
Charging regulator is used to limit the voltage under
terminal values during cha.rgi!ng process for battery
protection.

2.2.4 Protection Device

ECU (Electronic Control Unit) is connected (o
automatically co-operate, cut-off source and load from
battery. The operations are as follows

over i

1) HI-CUT OFF for charging protection.

generator is cut off from the battery charging. When battery

voltage decrease to the determined level. It is connected
automatically again to the system to charge battery.

2)LO-CUT OFF for over discharging protection. Battery
voltages decrease to the level of the battery damage. Load
is cut off until the level of voltage rise up to nominal level
then it is auto connected to system again. :

2.3 Power Conditioning and Control

For supplying appropriate voltage to load, the
condition of power transfer is considered. The
proposed method converted 12V dc from PV system to
dc -8kV. The required specific characteristic for
designing is the high frequency of ripple output. So,
fly-back transformer from TV monitor is adapted to
use as the part of high voltage generation

3 OZONATION SYSTEM

QOzonation system is investigated and the prototype is
built. High voltage technology is applied by using solar
energy as source. The system is divided into three
parts. The first part is component of PV system but it is
the last consideration for sizing. The second
consideration is total energy required for each day
indicated by the demand of ozone for water treatment.
The last parts, electrodes set and dissolution system is
considered as load -~ In designing and sizing the
complete system, load has been design for treatment
goal. Figure 3 shows the proposed ozonation system
Each part is.indicated as follows:

3.1 Dissolution System

The - target. dissolution system - of tlis swdy s

' swimming pool. The attempt 10 use ozone instead of

chlorine has been performed. . Swimming pool water
needed two poals from treatment. disinfecting and
clarifying.  Ozone demand for disinfecting is the
maximum dose comparing among all contaminants in
water. At the contactor the concentration of ozone is
approximately 0.4 mg/Litre with more than 4 minutes
of contact time “Some disadvantages of chlorine in
convenuonal system are indicaied as follows

1) Trihalomethane (THM) resulting from chlorine
reactivity is dangerous. This toxic residual is stored in
human for 10-30 years snown the symptom of car cer
2) Chlorofenal resulting from chlorine rcactivity i1s
waste. Although at least'I pph (1 part in 1000 million
parts) of it can cause bad smell like iodoform

3) The .pH of 'water has strongly effect on the

efficiency” of reaction. The effective range for
disinfection is only in pH 3-7

4) Chlorine stability is not long enough for
disinfecting

5) The temperature of water affect to the ability of
chlorine for water treatment.

QOzone has overcome all of these disadvantages as
mentioned above. Therefore the residual of ozone
treatment, oxygen, is useful for water under treatment.
Although ozone is not widely use in swimming pool
treatment in Thailand, the tendency to used ozone
instead of chlorine is possible
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Figure 3: Ozene generation by PV system

In this study, the target pool is faced with the problems of ' 3.2 Ozone Generator

highly chlorine residual and the uncertain demand for daily

treatment. Some bacteria are found and indicated that the High  voltage technology is applied in ozone
ability of chlorine for disinfecting is not satisfied In generation 10 convert oxygen in. air to ozone by
designing, PV size is indicated by total energy required. | snization process. Highly non-uniform electric field is
Load consideration is based on the o0zone demand to reach concerned dea]jns with corona phcmmena_ Energy
the goal of treatment. The priofity of conceming is . | receiving from electron in corona effect split oxygen
dissolution system. Electrodes set md_PV sizing are lower to be free atom and then recombined 1o form ozone.
priority respectively - The capability of ozone for Qgzone is unstable, improper environment such as
disinfecting comparing with chlorihe is shown in Table 1 temperature, humidity and dust can destroyed or
[1]. Ct values represent for contact time in reaction decrease the product output. The ozone generator
between water and disinfectant reagent. The dissolution composes of two major pans: electrodes set and power

system is indicated as shown in Figure 4. supply as shown in Figure 5
TENT S e O
(F ) F ; Qs
4 N
s
winerfing Pool -(ir—b i
! —
A . . N OZ
17 X
1] { ‘P' w » ?:
%1 Power Supply
T Gacne ™ 3 Figure 5. The prototype ozonator
treated gu A
P PUMP
= direction of water fiow I 3.2.1  Electrodes Set

direction of water flow out
Point-to=plane configuration electrodes are built and

Figure 4: Dissolution system plan tested. Two pattern of pins arrangement, single pin and
bundle of pins are observed. The pins are supplied
Table 1: C.t value (mg/min/L) for disinfecting with negative dc, while plane is connected to ground.
comparing between chlorine and ozone. It is proved that negative corona increasing the product
of ozone generation [3].
Disinfectant .
Microorganism Chlorine Ozone 3.2.2 High-voltage Switching Power Supply
E. Cols 0.034-0.05 0.02
;Oho . e et The principle of power supply designing is based on
olavirus 0.01-0.05 0.006-0.06 % i
Phage 12 0.08-0.18 = ﬂ'equen:cy effect observation on corona discharge
G Sabilin cvits 47->150 0.5-06 According to the strength of electrical break down in
G. muris cvsis 30630 1.8-2.0 gas, negative dc is interested because of the

characteristic of lower ignition voltage [S] and higher
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Figure 6: High voltage switching power supply

breakdown voltage. Block diagram of power supply
designing shows in Figure 6. Output voltage dec ~8kV with
ripple frequency 15 kHz has fed to electrode set to ionize
gas. The result of ozone production shows that frequency
has strongly effect on the product yield: The comparison
between standard dc high voltage (50Hz ripple frequency)
and the proposed method (15kHz. ripple frequency) are
shown in Table 2. It can be revealed that more than 9 times
of ozone yield from the effect of higher ripple frequency.

3.3 PV System

For this proposed method, PV system composed of PV
generator, ECU and battery. Total energy required
indicates their size. The design and sizing for ozone
generation is stand-alone category where the back up
system is provided with ac 220V 50Hz.

4 RESULTS AND SIZING PROCEDURE

The design is divided into three parts as showh in Figure 3
This article is emphasized on PV sizing for system
operation, s0 energy requirement is the first consideration

4.1 Ozone Generator Design

The ozone generator is designed to energize oOxygen
molecule in air to form ozone as mentioned in equation
(1)«5). Two Pattems of point-to-plane electrode
arrangement are built and tested [6]. From the collected
data [4], it is concluded that:

1. Increasing number of pins increase ionization area.
Ozone yield from bundle of pins is higher.

2. The smoothness of all tips over plane is very
important. It should be kept in mind that ozone gas is
unstable, heat dissipated fiom breakdown destroyed ozone.
The prototype ozone generator is shown in figure 3. It can
produce 20 mgOs/hr approximately. :

The desigr of high voltage switching power supply is based
on the negative corona generation. The results comparing
between two types of power supply, the standard dc high
voltage source (50 Hz ripple frequency) and the proposed
(15 kHz ripple frequency) are shown in Table 2.
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Table 2: The comparist;n of ozone production
between two types of power supply.

Power Supply W MgO,/ hr mgOy/Whr
Standard dc 2484 16.128 0.065
High ripple
frequency dc 228 14.112 0619
Total loads of ozone generator are:
1. Air inlet fan Watts
2. Heat transfer fan 1.32 Wats
3. Electrodes set 24 Watts
{Totat 4132 Warts

4.2 Photovoltaics System

PV system compartments are shown in Figure 7. The
system co-operation is performed by ECU. Total energy
from load requirement indicates the size of battery and
PV modules The evaluations of these values are
mentioned as follows,

(T LLL 4
(I PV Modules

oy
LLTLIL)
AT
IRENET

e =)

Figure 7: PV system for ozone generation

The sizing procedure is based on the evaluation of total
energy - requirement. It is the summary of load
requirement and battery charging, Each parn as shown
in Figure 7 is sized as followed:

4.2.1 PV Module Observation
Solar Cell Characteristic

Solar Cell specifications: BPTS 1255
Power (Watts)

~Nominal Peak Power Point 55
Voltage (Volts)a

- Peak Power Point 17

- Nominal 12

- Open Circuit 212
Current (Amps) !

- Peak Power Point 3.23

- Short Circuit 354

Two solar panels are connected in parallel and tested.
Figure 8 shows [-V characteristic of this experiment.
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Figure 8: V-1 Characteristic ‘of solar module

In sizing PV system, the primary consideration is energy
requirement. To determine total -energy comsumption,
multiply the wattage of the appliance by the number of
hours it is used in a day. In ozonation system. daily
operation is about 8 hours.

4.2.2 Load

Total loads of this system are in considered. From section
4.1, the ozone generator required approximately 50
Watts. Time for operation by using PV directly is 8 hours.
The energy requirement from PV 15 400 W-hr
approximately. In out of daylight, for 10 hours operation.
energy required per day is 500 W-hr. For inefficiency
battery, divided by 0 85 will give energy required from
battery

PV required 400 W-hr
Battery required 588 W-hr
Total energy required per day 988 Wehr

Solar modules must supply approximately 1000 W-hr

4.2.3 Solar module sizing

Obviously, different location receives varying amounts of
sunlight. In Thailand. ~Dailv Insolation™ constant s 5
peak-hr per day Daily [nsolatior is the value for estimate
solar cells output, which concening -with the angie
between the sun and global terrestrial. For daily charging
1000 W-hr, the energy receive from. solar-odule can
evaluate from 1000/5 =200 Watts. BPTS1255, S5W is
used. 4 Panels of solar modules is supply adequately for
this system requirement

4.2.4 Battery

From energy requircuent 1007 W-hr, bartery amp-hour
can be evaluated from 1000/12=8330r 85 Ah
approximately Pattery selection is assumed to supply 85
Ah per day. For long life, this value is 20% of the real

capacity
85
Capacity of battery = =425 Ah

42.5ECU

For system protection, ECU is used as the co-
operation device. The arrows in Figure 5 shows the
direction of operation, which is controlled by ECU. It
is divided into three modes of operation as follows:

- Solar Modules cut-off (HI-CUT OFF)

To protect the overcharging of battery, when reached
14.8V in 12V system, the high voltage lamp is shown
(29.6V for 24V system). ECU will cut the sources off.
Battery is discharged to lower until to 13.5V in 12V
system (or 27V in 24V system), the high voltage lamp
is off. Solar panels are connected to charge again
automatically.

- Load cut-off (LOW-CUT OFF)

To cut-off load for battery over-discharge protection.
The low voltage lamp is shown when 10.8V is reached
in 12V system (or 21.6V in 24V system). ECU will
cut the load off. The operation of load is stopped.
Baftery is charged until to 12.5V for 12V system (or
25V for 24V system), the low voltage lamp is off.
Loads are connected again and then operate
automatically.

- System co-operation

ECU is used as system co-operation. It is the device
using for energy flow controlled. From two modes as
mention above, the work is done automatically by
controlled ECU. .

In case of winter or cloudy, system back up energy
supply from ac lines voltage. AC 220 V, 50 Hz is
rectified to 12 V dc to the input part.

5 COMPARISON OF CONVENTIONAL
AND PROPOSED SYSTEM

There are two conventional types of power supply, the
first is commercial type BO10/50A the other one is
constructed in 1993. The comparisons between two
methods with the proposed method are shown in Table
3. This proposed system s invented for pollution
reduction by using cleanenergy source. The attempt to
use ‘solar energy, ‘the proper energy source for
Thailand is performed.

<Table 3: The comparison between conventional
system and the proposed.
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Data Conventional BO10/50A Proposed
Type series{commercial] PV system

Maxozone | 58 mgOyW-h | 1000mgOyW-h | 20mgOyW-h
Yield 3
Pawer 291 watts 3000watts

*excluded of | *excluded of 50 watts

HV generator | motor for

dissolution system

mgO,/W-hr 0.0199 333 0.435
Cost <508 > 25,0008 1,000 §




6 CONCLUSION

The ozonation system in the proposed method can produce
approximation 20 mgOy/hr. The principles of design and
sizing procedure can conclude as follows.

1. PV system for this proposed method composed of.

. Solar Module 55 watts BPTS 1255 x 4 panels,

- Battery 12 V, 425 Ah,

- AC 220V, SOHz rectified as back up energy, and

< ECIL
2. The principles of electrode design are based on corona
discharge generation. The highly non-uniform field
electrodes are constructed and tested. The results indicated
that electrical break down due to the longer tip of pins
destroyed ozone.
3. Frequency of voltage supply has strongly affected on
ozone generation. The results of more than 9 times of yield
increasing due to higher frequency.
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