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ABSTRACT

The reverse osmosis system is used to separate watell from dissolved organic
solution by a membrane and controlling the operating pressure. In a certain application,
reverse osmosis system need to be cleaned by considering from the decreasing of
water flow rate, the increasing of total dissolved solids (TDS) or the large pressure drop
between influent and effluent.

This paper proposes a new technique of automatic cleaning in reverse osmosis
system controlled by computer. The protoco! (RS-232C) in the Hostlink mode is used as
interfacting port for the computer to control the cleaning process. The results show that
this new proposed technique can be applied for the increasing the efficiency of the

system.
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wearaawan  lasldisesulumsianansaztiaenainfiy  aealudadaunauaiuisauen

= = g ] - = N - v [ 1

asdwiidineluguararsiuniddineg eunatisesnunld tngazadAuladoantating

A0 LSIFULAZLNN LY Feusasui IfaEuaAaLs 200 -1000 Haus/ms. i wiananndntiu

ar = 9 ar

2.1 wAnmsuu§ s UIaadluddaaunau
analudafaundy [7] (Reverse Osmosis: RO) HAgugnunsaluntsiidninge
wazansduviadaneld  daunslnfiumnssldannnalnessnisuaniddadlasau  (on
Exchange) W3an1sgasiafia (Absorption) Intssy RO #13n20R1ARan s TATE RN LUt

1 i 15

Tlaeldunnn famwsuazesenWianclusnaresinad iy diulesausineg
=4 [ =3 1 ' 1% = =l o
rpandeargniuNiusunanfuaanliAchisnunsoitwausuls uazluanazeansduyied
snaazligniunusundnfuurignindalaenisnsaainAne (Seive) Taamdnnisaasssuy

aaaludadau navausauanldnagy 2.1

MEMBRANE
CRED wWATER

i _"I] T i
- - ! ___-_i \_‘i\_‘l — -~

e —T——J ¥ PERMEATE WATER
HiG= PRISSURE PUMP

CONCENTRATE WATER

=l o o a3 o
sil¥ 2.1 wdnnsinnuasseeslndadoundy



22 AMNRNETRINITBIARTAN ) MdlussuuaasinBadounay

Feed Flow (FI1) wanada sasnnsluaseninaufitlenlfirsuy

Permeate Flow (FI2} M8 Fnmmslvareainazenafnanldainsruy

Concentrate Flow (F13) w184 ST lMaT89IN RIREENANNILLL (UNTEIRoauNIN)

Total Dissolve Solid (TDS) muneda Unasauidudurasinaaus u‘%“famﬂmuaﬂmwﬁ
sanpeyluideasouaseanuilugiissmsdmiiuaramiinfindimisnfupssom,

Recovery (%R) #u1ena fé’mmmu?wdmﬁu'1m°1|mi§m:mm?;uamiﬁ fiu ﬁmmmmﬁq

sunteulviesuy Andoudhayefidus

Salt Passage (%SP) “ueii Srsndnuszuineanududueninazanafindald fu A

dutuedsrasansazaneluszuy Andeuuefifus

Salt Rejection (%SR) wH1ED4 SmndauszwineAaduiuIeainga fu Acndiduaie

1psasarareluszuy Aniiauduiefidud

Silt Density Index (SDI) ({lw wirednArreafanneynpasiie e luil

v
L4 ]

Langelin Saturation Index (LSI) Humsstiinarnirauenieaniwindtiuualiulunisidin
AZNFU

. =3 ar g ci =) y:ll d'
Normalize Permeate Flow {(PF} #3804 SAIINTIUATIUNALDAT BRI AARY LLiBaaNn
NATHARLITIE NN LI
Normalize Permeate TDS (PT) wuieife Adnududuassansazaaluinazanaiingnlén

WU L BIRINNNTA U BUNNLLTY

ar ] al ] &
2.3 38R JNFIRNANBANITAUSVRITEULR DA INTALAUNA [12]

= = nl ) ] ‘ 3 o
23.1. gunpiluaziier  mainguuiufazesdn daulddnsreanisivates

W (Water Flux) @Wnmnuliéion fagtii 2.2 uilidiunnsiluaseeansazans (Salt Fluxjus

fiadimanasihmausufiengmisldaune assfnmssdufiealfegludas 37 uaradile

Y da =
Uu']'ﬂuﬂ mﬂﬂ“@jq

t

2
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E i

H 15 -

= '

Z

@ 10 ¢ 12,48

£ 10.56 .

& 5 . i

Temperature ( C)
0 - - L e e e g e
40 15 20 25 30 32 35

=

3 .
519 2.2 narasnnmg)ii

=

feRuninarenn NUaRLE

LT
2.3.2. UM uNALNAENalARTARSRIINIINAMINATEA (Water Flux) 184
sruy RO Wuatramnusunuliluansenusedmsnisinlualesansazane (Salt Flux)
X - . . o ¥ R T

Framnil nafiuusiy fafluadinlisruy RO anunsondmiazanalffnausgln 2.3
a i l‘; d.& " ' [+ [ [-3 =l | T ar : d"
warinldgounmasnidaudos  athelsfinuusasugeaiannsodmadaldduiu - vl
mezdnsesuRntlasaa s NLsuAansdasaudy - aunteiainlignusoluasinu

azmn wadudutitediuaivaiiilddnsmnisudminazain (Water Flux) dAangss
a
(5081

[$%]
(e

Permeate Flow (ma.’d)

Pressure (bar)

T e 1

5 10 12.5 : 13.2

= o alat H | =
5U% 2.3 npraussduiise T nnhareannem A



23.3. At urasatrazat Ay nasuANdNdueesanTazans

TurhRusinan Wisnsnsuamia (Water Flux) HAaneasaglin 2.4 uazinliaussouzans

= ar

s RO anauilasanngamnisirlvaresansasans (Salt Flux) HeRsnAnaunioumia

nssueealuTaliAANTIUAE

35 29.78
ag . 26.88

25
20 |
15
10 - 6.96
5

k|

Permeate Fiow (m /d)

21.36

Feed TDS (ppm)

T ey

500 1000 2000 5000

4-.‘ 3 ] ?; i =3 2
519 2.4 naassandidusssatsazaseninareAiNERlLA

2 4 NMSATUIUUILSIAURDHINTH

¥

wdueealida () WiuanamFuesarazareitwegiumnndniu Muasdld
w
PBANNTg Fal

T = oCRT . (2.1)
Ga T = WNAURRALNEA (atm)

n = Tuaulasauluanslsznay

C - amududuneaih (us/ans)

R = AAsTiasfing 0.082 ussannA-ans/lug - °K

T = foungiiduyrnd

) ” o A a
AN 2.1 LsaduaeaTudarasansisznatiuneniiay 25 °C

Compound Caoncentration Osmotic Pressure (psi at 25 °C)
{mg / liter) (moles / liter)
NaCi 35,000 0.6 _ 398
NaCl 1,000 0.0171 11.4
NaHCO, 1,000 0.0119 . 128
Na,SO, 1,000 0.000705 6




A5 2.1 (RR)

MgSO, 1,000 0.00831 3.6

MgCi, 1,000 0.0105 9.7

CaCl, 1,000 0.009 8.3
Sucrese 1,000 0.00292 1.05
Dextrose 1,000 0.00555 2

* A useful rule of thumb for estimating the osmatic pressure of a natural water is 10 psi/1000

mg/liter { ppm )

2.4.1 TAATMNATHITDTRINTZUIUNITRDA INTAEaURAU
1. amBurtuasarazateluun (TDS)

kY
AALTNIUANNNTEANY

o

amBEuureinganlsd

= o

ARVERNARANTB1TE6I197

]

< Lo ar = ) Y [}
amiFandalaneuninmiuie uaz afeAINIIAY

L T

anviaindnaRurTdang maialafason

& w5 Membrane axiAnsuTuUELLAININ SigRIUIIAERNINLIZNIM 0.002
um nﬁ‘:@'mmﬁqﬁuﬁq MAan  Polymer WaNEIUA Lﬂudquﬁﬁﬁmﬁﬁwé’mn‘&"mmm:
ANFBUYTE %’udw@:tﬂu’iﬁ@m;uﬁwﬁhﬁﬁ‘mé’uﬁm?qm%fmmuumwﬁacjmu'\ﬁqmﬂuﬂn
shaufignandniitessdeaii Tubulent Fow ferwifulon uwar Sussiugs Hild

ANTosTUNU AN N NI ANss U saan A



2.4.2 nalnniminaures easludadeundulunisindnanssig
iraNnzoutienatnneindaansaanidly 2 wuy

2.4.2.1. natnnieindpinaens (Baeusne idlsee

Pressure
1 Na'PO, '
Al (50,), ca'so’
Solution Flow 4
N L
Na'No, Na'Cl K Cl
_____________ “‘\/’—*________—_"\\I.—-"""-———-————--
! Pure water layer |
4 015um 1 |
100um
K S
Dense microporous b
layer of membrane Spongy Support
layer of membrane

g% 2.5 nalnnismamnaausassszuuesaludadounay

dmfunalnmanndndasull azandenisuanszy Wiaesinfideteauniusuazil

4 5 | LT = v A
‘HUTNLﬂqa'ﬂﬂquqﬂnﬂﬂu’ﬂgiﬂﬂIULﬂQﬂ'ﬂ'ﬂ\juqu"Q:ﬂﬂL“ufJQﬂQﬂ H-Bond ffusimeranunazy

|4 b3 b
uwraHAnLszavireeaunariifaauiui (Dielectric interaction) annzluianageau v

] L d L 4 1
Agansagusuiulnild douBesufiasgnudneanly BeeuRil valency g9 u Ca™,

50", Mg, Fe*" faxgnuanladfninBeaunil valency n wdu Na', €I, F Auinwudnly

w - W
wnignt fnasiifesumantidnaanasnundoz

welunstil Feed Water & Flow rate @@&9 Pressure MAZ@MLE Osmotic

= @ =2 = 3 H o = ar
Pressure Aazupaaausstiamiianszninaiuanatesin (H-Bond) Aavanas sausinta v

uanUszafiazanassion Al Salt Flux(@ugiwnsalunisfindsusTint1u Membrane) fi

l: = a o a o
TUNTURAT Salt Rejection AasaammNgIAy TruA INaNAgnTae RO lunasindm

Cations WAz Anions WARIILANIIGA 2.2 LAY 2.3 AINAFL
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<4 L .
AN 2.2 AMNATNITATE RO Tun1en1Anansazat Anions

Anions %Recovery [|%Average passage |%Maximum Concentration
Chloride (CI) 94-95 5 3-4
Bicarbonate (HCO,) 95-96 4 5-8
Sulphate (S0Q42-} 99+ 1 8-12
Nitrate {NO-3) 93-96 6 3-4
Fluoride (F-) 94-96 5 3-4
Silicate (Si022-) 95-97 4 -
Phosphate (PO43-) 99+ 1 10-14
Bromide (Br-) 94-96 5 3-4
Borate (B4022-) 35-70++ - -
Chromate (Cr(042-) 90-98 6 8-12
Cyanide (CN-) 90-95++ - 4-12
Sulphite (SO32-) 98-99 1 8-12
Thiosulphate {S2032-} 99+ 1 10-14
Ferrocyanide 99+ 1 B-14
[Fe(CN)63-]
+ Must watch for precipitation; other ion controls maximum concentration.
++ Extremely dependent on pH : tends to be an exception to the rule.
1597 2.3 ATINETNNTDT8Y RO lunsindnansazane Cations
Cations %Recovery | %Average Y% Maximum
passage Concentration
Sodium (Na") 94-96 5 3-4
Calcium (Ca”") 96-98 3 +
Magnesium (Mgz+) 96-98 3 +
Potassium (K 94-96 5 3-4
Iron (Fe*") 98-99 2 +
Manganese (Mn”") 98-99 2 +
Aluminium (AI™") 00+ 1 5-10




A5197 2.3(Fa)

11

Ammonium (NH"') 88-95 8 3-4
Copper (Cu®") 98-99 1 8-10
Nickel (Ni°") 98-99 1 10-12
Zinc (Zn"") 98-99 1 10-12
Strontium (Sr) 96-99 3 -
Hardness {Ca and 96-98 3 +
Mg)
Cadmium (Cd”") 96-98 3 8-10
Sitver (Ag") 04-96 5 +
Mercury (Hg"") 96-98 3 -

+ Must watch for precipitation; other ion controls maximum concentration.

++ Extremely dependent on pH : tends to be an exception to the rule.

2.4.2.2nalnneMdransauviseniluanaualug)

Pressure

| ¥
=)
=3

oMW

Dense microperous b
layer of membrane

Spongy Support
layer of membrane

< o o = [y : = o
5% 2.6 nalnnieidpansuviidressruuesabidadaundy
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Twanarwalngq v Tsilu, Polymer sinaq  dwdunalnnisfndn
a ds ¥ = o a o o o edal o '

ansBuvTdazednuARiunsnsaning Ae arsduvidniawialn (M, > 150) Aazliaranen
o ] ] 3 . = 19 ﬂw =
\Aaaeneanuandadinseanuilé azfindeuazan Flow eenluainiubiozes Membrane
douansidluanamunadnseasbifiansudnilessnlifivszy  Aazanunsndutudiu
untlegoumsasiuld ansawisd 1w Tsiu Fadudowlszneureswuaiise |, lafa Galsn
pinen Fdlwalualllasnsofuinussusuesninld tauanuannses RO s

AAAATIDUNTE uasaluAnT9n 2.4

FNS197 2.4 ANNANIT0T84 RO TUMSANanansaunte -

Biological Molecular Weight %Rejection Y%Maximum
‘ Concentration
Sucrose sugar 342 100 25
Lactose sugar 360 100 25
Protein 10000+ 100 10-25
Glucose 198 99.9 25
Phenol 94 + -
Acetic acid 60 + -
Fomaldehyde 30 + -
Dyes 400-800 100 -
Biochemical oxygen (BOD) 90-99 -
demand
Chemical oxygen demand (COD) 80-95 -
Urea 60 ' 40-60 Reacts similar to a
salt
Bacteria and virus 50000-500000 100 -
Pyrogen 1000-5000 100 -

+ Permeate is enriched in material due to preferential passage through the membrane.
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2.5 NMSAMIIN LAT BBNUULSEULRASINTAEaUNAY
wisndimasamiuannszunenaludadeunsu
1. Water Flux (F,,)

TusnrFinsnsesinsssuanigasnisnses (m' / m% hr) Wwnsdime fn Aoy
SYULRO il Water Fiux \ufadnfty wisfiesiinil wnefedmsdareninfidasinum
wsudawinfudpslnarasindamissiigsamsium 1y mmem®-s Wudu danunsn
%uniwmums‘u‘lﬁﬁmmﬁuﬂgﬁ'mmﬁwmm‘?}mqu uaz uradueealudafily s

1Aanannis samalil

Fo = AAP-Am (2.2)
Toeid Fu = Water Flux
A = AUs. 28977 A TA NN TN AAMFLIHNILTUARIANN

maglaanzinan A anafadllAnlszann 1.5 x 107> mavem’™-atm
AP = AHUANGANTENINULAUEAIUN D ALAT AT UTBINNILITY
(uggHINTA)

AT

AT IMATEIMUTATUEUNNLUTN A NNT0AUITFANEARINLEY Water Flux

ATTHUANGINITEUI NS U A TNTATBINI ML AUAL AT LIBI NN ILTY

[P 1
ey Wuhredueiummiury lun1aasetanindAn Water Flux(LFEMe@ amsiuswinfiawumsn

u°

184 Water Flux Malianiozinenusingg) uas fliunniazetandesnisiamuisofiuc
&l o e %
WuRreanmusunsaans gl

AauNTh 2.2 Wae WIS RINARUNATANARNAUATNNI RN TRINA RN

o =y

wing AP war ATt Feinlinanalédn dnsinAntinasa aRNA NN SRNIDLSIA LT

y ] ) = 74 ’ lb’ [ - %’ ﬁj 1
gy luneusalilaziugndt manusiurenin Seinl¥ldinasen sfidanniwgat
=l 3
Ansael

2. Salt Flux (Fg)

R '

dwiulugaumiunususiasliosnliasacanelnagsusiruldasusluaaud

i 4

sfadowsubiannsondniuanavdelasaul funamndanlirfuanlPermeate) 3
NOTUAND NNTFITRIANTRALETURRILIY 31N Salt Flux 351U RO Al Salt Flux 894z
LAmTsAN AN Fadusry RO HAReRasTl Sait Flux B uasil Water Flux ga wiat
189 F, #ldFa g / om’ - S aniuliin ¥ F, ues F, Hunsiinesfaaseuaiiud

A o
MHBAUNU
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& L. Y ¥ = " Lo v e o Y
Salt Flux AUBEINLATULINTUTBIUIAL LLﬂ:hJ‘Imﬂgﬂ'LlLLNﬁu m%mu“l.mmn

ANNNg
Fq = B(C,~C,) (2.3)
Fs = Salt Flux
B = aUa. 199NTINATRNANTAT A HAUINMILTY AVUFLLUHLLSY
nglaannem B Hatdssunns 2- 107> cm/S
c, = amadinfurasssazantuinay
C, = A e sarsarareluinarann

AU 2.3 kamedntingu (TDS seuntw 30000 ppm) sxilnsFeasansazany
(Fo) qandﬂﬁﬂnéaﬂ (TDS 5000 ppm ¥ianaundn) Fuuszuy RO RMALYNAY e o
vzt Aadealdusaiugann WelWld water Flux geunn dwfnnideaniaisazaneifniu
FuLTY AazannsoRAminarenaftiannngs dwiulunsdlsaninnsenusedl
dndhudissgann  Wesaniinsiiinresmnsazansieuninddifamininn@earsnn
Smziauazianges Husasueealudatsennn 400 uaz 50 psi ANNATGU Failunsnds
fndaRanld sruy RO Heentausedulszanms 800-1500 uaz 300-600 psi fwinimzia
uAzINIRE AN AL

msazausesssezanlulugn ald Sat Flux  Sergeiuders  deduds
Suflugasiimersuiaindgady (Rejected Water) faanmn‘l‘.u@mﬁ'aammuﬁwi’umm
ATALAIE

3. Rejection Factor 139 %Rejection

Rejection uaneniRifmmwsuazdiond musuiiadedivenl¥iumnaite

eouluatiniléunn dufte desil Rejection Factor 1 %Rejection @9 wnislugaupsd
azfl %Rejection Il 100% AN MTRNhAzENATRARHAINTELL RO Weesastay
TN Rejection 18NS (g szuu RO Tl %Rejection A1 aviien C, guilusu

W
AINNMHNE L8 Rejection Braudmliifiudstainissasialli

%Rejection = Rj = 100{(C,~C,)/C,

= 100 (1 - CJC,) (2.4)
\Ha9Rn C.= Fq/F, (2.5)
PR Rj = 100 {1-FyC,F,) . (2.6)

waLTN AANaTRnsalunIndnvTe Reject Ansazansingg i (Famnes

% 2.2 uax 2.3) Tnawinlil %Rejection 1asansaratatiuyatLasBuntaziaAlsznio 90-
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99% uaz 95-99% ANATAL #9U %Rejection TENABARDAAANIT (W LUAREE AN
“a4) NQana 100%
4. Recovery Factor W5a %Recovery
sy = ' [ . . = d' <4 o
ﬂmﬂuummmmum?uﬂ@iﬂnu Rejection %98 Recovery SIMNNENARTIAIY
ﬁ lg n‘ = L7 :’ = :ﬂ’ 3 o z
seninFunasiiazetendnld deiunsseahduildudaunazens

%Recovery = %R = 100 FI2/FH (2.7)

1

ouyn  FI2 ARTINIT INAUBIUIAZAANUNAR BN 1o LB ea L dadaundal

FI1 ARTINTINaTaI AL N ssuLeeaTuG e una

I

Enauiomeassoranduinazeinld %Recovery AriiAtgagaviniu 100% wilae
UnR Recovery 1inlsite 100% iasanndasinseindudueanainssumane veuaken
Faamnuaulfezuy RO § %Recovery Usznan 50-70% wmzfesszunaindiduiiclu
dnsgaieannnudidursersszanfiszaveyluruy RO atlsfimalumefnuamn

DRNUULIELL RO ANIENAudranisanud Ll Recovery = 90%

2.6 NSARLNNLLSY

[

mssammusieenaiuusiady 2 LLuuﬁﬂﬁuBQﬁuamqﬂs:mﬁ'l,umiﬁw"l,ﬂl”ﬁ
974 FBULLTUIY (Parallel) UAS ULLaYNIN (Double Pass) tatn1ssawLuawiuazsin i la
Lﬁ‘mmﬁﬁu?‘fgﬂ%rmﬂ'%ﬂﬂm:ﬁﬂ Concentrate Water 189 Membrane Vessel ilauazans
unilu Feed Water 1% Membrane Vessel s lunssiamsiusudneaeiianthinisii
%Recovery LLﬂ:ﬂ’li‘ﬁi'ﬂLmUﬂ‘Léni‘uqzﬂﬂ Permeate Water 184 Membrane Vessel uﬁ\:m
fhs Feed Water 184 Membrane Vessel 7884 Lﬁmﬂumﬂ.ﬁuQmmwﬁ'm?‘qm%rlﬁ’mnﬁu

wiazi i Funanindgrsldfasasrasilafouiunisasuumuuiamedieglan.7 |
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MEMBRAMNE VESSEL

— — |

FEED WATER

MEMBRANE VESSEL

MEMBRANE VESSEL —

| JCONCENTRATE WATER

PERMEATE WATER

n) WLUPUY

q =~——  MEMBRANE VESSEL MEMBRANE VESSEL e :>

FEED WATER I [ PERMEATE WATER

—

CONCENTRATE WATER

1) WUUBYNTY

<] :
E'ﬂ‘ﬂ 27 NITADLHHLLTULLLTUIULA UL VB YN TN

2.7 AsFIUANMNNAUTLLAFINNGTH
Arun i lugeanssuusiazssimazuansnsiuaaniUiuay fuqmlszaqd
18901511 1ty nsldlnanfue@asusiine i lunniing ansazldaunminmuiu
=4 g d| o g = L 3 g r-'i = l{ T
Wmsgw visa infilflugratvnssuBidnnselind Faailuuidqns dudy anmsgu

AN WU A M ugRatunssuTlusail

o Yo a
A1971490 2.5 mmg'mﬂmmwmm'am?mim

mmsgm@mmw&mﬁammﬁnﬂ
Failnmunimia wiog o ANNIRIgN
ANIAN LN WNEN N
3 { Calour) Hazen Unit 20
nAw ( Odour ) - Bisindu (Lisaupaeiu)
AN ( Turbidity ) Sitica Scale Unit 5
AN UNSA-A1 (pH ) - 6.5-8.5
' ADIENHUENNAUAT
Uhnnianavianun { Total Solid ) mg/| 500
ALNsEAN IR ( Total Hardness ) mg/| 100




o —

i _— '
ﬁﬂ'nm'ﬁuﬂﬂn_n"ﬁis—fau"'lnﬁ'm'mnm%

AN919% 2.5(fa)

a@Tuy (As) mg/l 0.05
wuden (Ba) mg/! 1
wandlen (Cd) mg/| 0.01
AaalsA ( Cl) mg/| 250
Tmgudieu (Cr) mg/l 0.05
YAIUAI ( Cu ) mg/| 1
WMan ( Fe) mal 0.5
m::ﬁ"fa {Pb) ma/l 0.1
waanaiia (Mn) mg/i 0.05
san (Hg ) mg/i 0.002
luimss (NO3) magil 4
#uaa ( Phenol ) mg/l 0.001
At {Se) mg/l 0.01
ALANHOUEN19TRLGS
Hu (Ag) mg/l 0.05
TaWm ( SO, ) mg/l 250
Fanz@ (zn) ma/l 5
vigaslsd (F) mg/! 1.5
Taaasu ( Coliform ) MPN/100m| 2.2
8. Tala (E.Coli) MPN/100m! mgaabwy
ANgIeR 2.6 mm‘ﬁmﬂmmwﬁ'\ﬁ'ms*u'qmmms?uuﬁﬂﬁqé’mﬂu
mmsrﬁquﬂnmqmiﬂﬁw%'uqﬂmvm?muamﬁﬁ@’mﬂu
a3/mesaitlin Wiioe AR
AU ( Turbidity ) JTU <200
.. ( Total Hardness ) mg/| <0.20
\Wan ( Fe) mg/l <1.00
unanTia (Mn) mg/! <0.20
Bnnugeansasatelui (TS ) mg| <850
| fau ( Odour ) - TaisinGu

60443
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WRsgUAN W@ MueRsunsINBdNnTetng

ans / Asselutin mie BUATBITTULRIRNVTALNG
64 K-bits| 256 K-bits | 1 M-bits | 4 M-bits
ANEIUNTRIAAN MegaOhm-cm. | >15 >17 . | »175 | >175
elu (Microparticles) um/cm. <150 <50 <20 <20
LUATEE (Bacteria) count/ml. <1 <0.1 <(.05 <0.01
Total Organics Carbon ppb <1000 <200 <100 <50
(TOC )
Silica (SO,) ppb <30 <10 <5 <5
Oxygen (Q.) ppb <500 <100 <100 <100
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15 W
3.1 wanusuildlussuuaaaludadaunauy
3.1.1 7aR182 Reverse Osmosis LUNWLITY

@ dl-a 2 0 :’/ = ] = [ A’

Fanntonlinniuswiiuiiag 2 1ia (1] aell

3.1.1.1 waglaaardinm (Cellulose Acetate)

dhasnsuguusnindseanainld Inandsaniasglaall 2 1lia Aa weglages
R (Cellulose Acetate; CA) LaZ L‘nﬂﬁﬂﬂﬂ‘lm?'ﬂmmm (Cellulose Triacetate) a191lsenay
wanliaNIsonUnIARnY uTegunigndt 30 esnalduald iwszanfinlgnzen

o . o L7 1 d o= 1
lalasladia (Hydrolysis) Mnluuswdenanin delaennfusuinsiusuarminlssunn
b v ! ¢
100 lupsen wasll 2 44 duildeuate) Sanuuuntdszann 0.2 Tuasew waz inuin
ar ] [ I am jacq ] 3 o g :’r qi' 3 L] 15 ‘ﬂ'
dreavainansazatesng Hldueinusususenitnfandudy fuivuiadt saudi
p-1 at = [~} [} e w?:' r 9 : al o 1 <1 :«

duiusesfunssiigngudinlinusd il vaduld  duunalldfilenguniieutu
w gisanlilusnareainluaihulildiduiasdnrswinalusnaeeswawedf  mse
wasuf sl wiismsiiumuninszatrsaindugatdinsnaafssluans

3.1.1.2 azlsmdnin@e WA Aromatic Polyamide)

dssnusunndnanindnlug (PA) azilaununusa pH uar gouunil 1A
andnaaglaa  (CA)  etdlsfimy  wanwnwaaglasiianununiuseesndlatueiaun
(Oxidizing Agent) 1aRn11 anfatadu inwswasglaaamironuaaeiudndulunu 1
ppm Tidumatung uaz amsovuaasiudindy 10-20 ppm Min1alunandug waz
pfapmuAmaruArlusureeTulalifin 0.1 pprm amned 3.1 avagnFauviey

ANANTIFIUNNILTURARTTA
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of = s =
199N 3.1 [ﬂ'ﬁ"l\!l.luﬂﬂqﬂ']ﬁ'LLFj"EIULWEI‘UﬂmﬂNUﬂTﬂQLNNLuW'ﬂuﬂ CA LAY PA

GRGEBI Cellulose Acetate Polyamide (PA)
(CA)
%Salt Rejection 95-97% 96-98%
NN9VUAD Pressure Angn AviaEndn
NSVUGBRRUNTE] [ nulaEngn
ANFNUARTN pH 2.0-8.0 2.0-12.0
NTNUABHIWUNN Taim #ndn
NINMFe OxidizingAgent B aiR
Funnu Cl, Tutih Feed 0.2-2.0 ppm < 0.1 ppm
Temp 1un13 Operate < 85°F (29 °C) <100 °F (38 °C)

3.1.2 stuvueaanms [11]
o Py, o s
wnlusuRlTunsnsainiuazsieanuUsznauiiuluge ivamunianlunig

M mensiansaniugaasannusuisiunldlueias Reverse Osmosis aziag
- - ]
AT

(RPN ATTER AN E R

2. iamirazanalanin azansanisldeu

3. Concentration Polarlization siaatfatuias

4.\Annsgauliten war Annazetalsdne

5. fiasliiiseninfintumusassasiie 19essuy
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o
Tutlaqiiull $nisafuligaeaaludadaunduuuusing 4 wu As

3.1.2.1Plate and Frame Module

AN

=
% Foer! Specar Wash of Screen

e ——a-—- Feed

gﬂﬁ 3.1 RO-Plate and Frame Module

Tugathilunisdnusinaniusuuuuidefigs (Ut 3.1) Taefidnsuznisinnuadie

}
=3

Filter Press WiulaNiLsun WegtueiusasiuTaiigngu (Porous Plate) vieurusassufisiies
Wiinlwasenld waiwsuuas  wiusasiusen deuuazaduiy SngnifeAu s
lwsu uwazidusesiy uaz twasanainiuga Tu@mmuﬁﬁﬂuﬁﬂﬁuﬁﬁﬁmé’a uaz guainem
unann daunnilanlflunimmasaadne uieameaasjiiRnissine

3.1.2.2 Tubular Module

Ceramic
Support

Ceramic
Membrane

Retentate

Permeate

51l 3.2 RO-Tubular Module
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T:u@ﬂﬁtﬂumsﬁquuﬂumuma‘u’lﬁtﬂwafamﬁﬂﬁﬂmu'\mﬁnﬁﬁﬁumQmﬁnma
dszanoy 12 . (307 3.2) 5ﬂ§uﬁﬁnqmﬁuq\m:gnqumuﬁﬂﬂ'luﬁﬂ Tubularfisiiaminiy
yatinaly Lmﬁumﬂqﬁqﬁﬂﬂmaqmmﬁﬂmu'\m?iumw,ujumum:m war viaseefu aen
Tlgfamuuan meiptnaminliten Mmmazaauazsindelsaliine Fafufamng
dwitldAUNTELINN SRR NI TdRsMTUaNTBBNANANTRTANEeN]  Taran
Henlilugmarunssundnaimis

3.1.2.3 Spiral Wound Module

Polyamide Thin Film
Osmonics Proprietary
Membrane Layer
Polysulfone Layer
Polyester Non-Woven
Material

eetl Channel
pacet

Mp.mbranc

Perfarated

Anti-Telescoping Central Tube
Device

e

Permeate Collection Mmerial
Membrane

Fecd Channel Spacer

Ouiter Wrap

51l71 3.3 RO-Spiral Wound Module

Tuaauuutifunisieusussiususnamindauiuiuutiunaainsauru
W
(Product Collection) WiaNsAIBLEUUNAL (Feed Channel Spacer) WAZLHWSBITLLNNILTY

(Membrane Supporting Backing) hasiauAanuviaiuun RO {Product Tube) uazlsznay

»
¥ ] a

L4 W ! H
AasnavieuAu (Feed Inlet) uax viautha (Brine Outiet) Wulusanfionldiuniniigs

o

Wosaniltufilumsensasann dduisusssugegniedldive uuunuaediugs) ¥
Tmuusiutingy 'ann&mmﬁmﬁﬁlﬁﬁﬁu'm::zgu"]ul,uuLmu' (Auuuafaiassluga) aelia
winsaafy FainmhAdainsendlldevesiny nnrlwazanindu *True Crossfow” RO
Spiral-Wound Tugaunviianafiaumduthgudnans 5, 10, 20 v 30 2u. uas TR uen0
A9 Auusiinlsitiy 1 weg Tu@JmLuuﬁmmﬁ*n?;é:ﬁmﬁyh‘Lf’ﬂu Pressure Vessel Wuanti 7

Tupasauiy
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3.1.2.4 Hollow Fiber Module

g‘ﬂ:fl 3.4 RO-Hollow Fiber Module

v
el ar

Tugslifidnwuzdhudusamiiaudunn  uszligagnisly  Hinaindanluasuy
mantwaielus  (Polyamide) wta wwaglaalasasiaian (Cellulose Triacetate) F1um
@urgudnananewanissinm 90-95 Tuasan war dwiaudnatanieluiuns 40
upsou Fuanslugl? 3.4 dulauuy Hollow Fiber azgndusaunguidindaeiu Sladw
Fuda Epoxy udausznaudneravinay fiatn RO Product ugz yiavihia Tnsdautlszney
FomuagniAnRaldly Pressure Vessel 3a Shell fuilunisnsessalugs  wannduuy
Spiral-Wound  usilailéiilu “True Crossflow” ﬁ‘ﬁ"ﬂﬁﬂﬁ'ﬂﬂ?ﬁﬁﬁ:ﬁmé’dtu@ﬁiﬁﬂﬂﬂﬁu’m‘ 2
Tuga lu Pressure Vessel Hewniansdaiatnduazetneen iBes s senisinga
wane ] luga FhunuuRlEFunslonsesanuuy Spiral-Wound Ssaldlunisnsesimaa

woaszmAalumzduaannany
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=] ol al ,
R1§19M 3.2 Az nuasamsFaudieudeuazdaideoes RO Module WLILIRATT

WU RO iaR daide
Plateand |- \ianig Foul wsiusulsenn |- Mdndseuunnusdasndiuwuy Tubular
Frame |- Azns@auwuusuldem - paalasunsusundldenn

Tubular |- awsnldiusesmariiany | - Mwfsiuninnds RO uuL@w

\induge vt dnaall - BN URTRINNLINAINTT RO
v ] ]
- Fasduinfugandouundun | wuuaug

Spiral-Wound |- # Spacer szudnlugas vl | - naesin@alsa(Samnitizing) nnldenn

09A8aNHIR AN - Feed Water 7l TDS 44 4% Foul
- mm?mﬁmﬂ:\a‘iu@mﬂwﬂ'}ﬂ PEIRTEIG L UGE
Series liua1tTugalu Vessel
Hollow Fiber |- mamﬁqlﬁmnﬁqmrfiﬂﬁmm - 14TupalsiuA 1-2 fi9lu Pressure
1:luga Vessel

- Recovery Rate g4nd1 RO WU | - AN i ALRABUSTENNINNGT RO

y 4
au IR

s ¥ @ w as
3.2msdsulgspanmwinnauiengsruueadludataunay
v
nmeUfudseaunmin Wananawd gscuveealuiadoundu(Pretreatment)
. o ] i ] =y [ 1 A’
dhugadnfluatinann iildszuueealuiadaunduiiananisdauiiersuau naeniy
v
WL WuBarediiiususmaisognesiuanaynAreaneas arsduviae Tavewinuas
& = = & 3 1 o ar 1 =
FayRundeineg uanniermifisasniuilesniniBansanazneutaiaisazateindetes
arrarartduduy (orine) U waAEENATURLR wARTENTAMA LuFaudaAuATanTaY
=l ar ’
Wendann
o :‘r di o 17 i cg 2 + n' 9 3
pORUNaEaa NIt uTIRaNILR I EuIuNINaL Aufluednadisfiasinng
= !rll; = =l a e [ = 4 o el
pretreatment  (WaliAullausniEnwmuizandmiussuueaatudadoundu  A8n1s

pretreatment 180ALINA1EAE Taaznatalaesglumeed 3.3
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A13197 3.4 AruaNtBrasiAuiaudszuueesindadaundy -

ﬂmﬂuu"ﬁmmﬁ'\ﬁu 1funn
LAY 20-45(°C)
pH 2-11
ANNAU 15-100(psi)
WMAn 0.05(mg/!)
ARETU <0.005
UTn1tuAINeY Silt Density Index SDI=3-5
AYNNTTANIR IR ( Total Hardness ) 7.0-8.0

o ¥ ,
3.31AF29FUUMIIIIAUGS (High Pressure Pump)
4 W [ 1
iwragLinidussiugeiimnudAgunsdassuueealidadeundy Taestagu
:’ [ o P dl L 7 qur 'n‘ i g 4’ d' ’ ar e g
Wnnsugeaznbinausiurenih ildrgeunau weldluntsadnsuluianassa
avenaliinarrudamnuunld TaednBusedunildinaglugos 200-1000 psiinch? e

Dldlf '

A m'](muwunu ﬂmauumaqm AVLATIUN LY ﬂﬂﬂ“i‘ﬂﬂﬂlﬂ?ﬂﬁﬂﬂﬂuinﬂ AWRTETTH

l:l

(Vertical multistage centrifugal pump) Asgun 3.5 Mnlawnsadaussugalda uaz

mmmmﬂuumm wﬂuﬂ?“uﬂmwaw'lumi‘ﬁmﬁq A

= i o
$U% 35 AFasguuuLluRavanzga
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3.4 w3asfiaildnsranauannmwssuueasladadaunay
Tun1smriageuAMNIasTULeesdafeundudniuas fesiiriedledaiild
uneinrsnenelussuuieian Wiiudeyelunednamnlssaninmeesszuy
sall T.mﬂLﬂ?mﬁﬂﬁ'mmqq:ﬂ?:nﬂuﬁw funsnidimmnniuneluduvia  (Pressure),
'qﬂni‘nié”mé’mmnw"lmmmﬁﬁ (Flow Rate),qﬂnmﬁmﬁﬂmwﬁﬂﬂﬁﬂuﬁﬂ (Conductivity)
uﬂxqmﬁmﬁﬂﬁﬁmqmuqﬁﬁﬁ (Temperature) Tmagﬂmrﬁ%&wm:gnﬁm;Tqm'mm"'m:mia
e Twssny  dwunisiadnmnudindutesnsezanadn (TDS) asdmudnmousn
At el (Conductivity) AR R nsa A dLiues

ansararame lutnlnaan Auaiuduwus (0.75)TDS = Conductivity
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NMMFINANISARAU TULNNLLFULASAIENITALNNLLSY

I - . - . X
Undlmeialissuvesalidadeaundy wiatinsldeuliviupadanisgasua
melusinusy fasuiuasfiadinedranacuazatawuusy uadlensialiudanisang
4 ﬂ‘ o 3 i Q' Y o s A‘ = -
WIANATBIMNNILTU Az FavinFalanu@Ralnainiatunis lussuuaea G adaundy
panallil Ae desnasluaresinazananndnlifiAranaszining Uszunne 10% uie
unnundelessuluinasaafindmld Tamaauandulszuin 10% gavnpaiia
o 1 1 :‘ a: 9 = [ v [ ] d. 2/ I; :!I:i
passuusnAtaneluainRtlaulfszuuiieudy acudunalueildssunen A
ANENFUgIRENaINTTUL ARNATRNIWRINIAN 15% TA81MAIBININIAANTYARNULAE

FURBUNITANNTAHAZDIALNNILITUSNa Tl nEaIBe ARl

4.1 FUNRAUBINTTAAAULULNNLLTY
nswnnnAUdAuaBbionnzan  dhgrruueealudadeundu  azai
= 3/ o 20 i = = o 1 2 &, 2 =l
pNdemaliiuszuLdatinsanaviaananlderynislfusaiaasalsd Arnadaune
AfaTuiniean annsgamgasusius TneanunsodiuuneanFidu 4 wuy Fil
1. NSNARZNFULLLNNLLTY (Scale Fouling)
NIANNANTAINAN WAL uaaN1ia (Iron & Manganese Oxide Fouling)

N1SRARUIBANNILIUIBINATTARRRBHA (SDI Fouling)

oo

msgasiuliesanadunid (Biological Fouling)

.

1.1 MAARRZNFUUUNLLLNM (Scale Fouling)
anwaznIainsesrzuuesesiudadaundy eenliluanaresiidudiuy
sy uaz Anluanariasie 1 inldlnsazausaresluiana uas lasausne agludu
wdvrasnsy lealnfiszavatsazasluirfuasinisanudn CaCo, uaz/ifsa Caso,
lae caco, fianuanmnsnlunisazaisiimuin Jemnadnlddendraissznanauy dou
Caso, dnanuaniliearmdndureanteus vearsusmuasasiazatsegluin (TDS)
PP o ! & < A4 yud  aa
TauthAuiA sz 1500 ppm 1B 3nndt annlsznevdun Fenasnnanldhe Fann
(Si0,), Strontium Suifate, BaSO, uax CaF, nAnyasansr1e7 A1 lHAaANsgARITadNY
A v oo s ' ¥ = = o
waai biuuslassinlasiunudeatienas Sesanumeanudnaasdiulu pasiu

AadparsaratlenInReaeasaandnminge urduduuanaes Caso, masldnsed

mIn  (Citric Acid) W78 EDTA #ramaazanelivun
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nsilasiunaniilfifistu eravinlflaansidnsiumeigu ca’ | SO, uay CO,
Wwsiu wieldanaidwndaniliifasu uinisiidsusaienviedamnaziul1sust]
) v St
B lunmaljiRidiesinseduldesmnn uas af e liiduilyuitugn lun
Ujiinddmafuaus Inenisldnsaindaaauafuswalidulumiveun uavmvie
CO, ftuNITFENNIARImNsatiaafunITANaaN18s CaCO, fisesnisilesnunisanuan
989 CaSO, ATMENIMNuAZNTU 11U Sodium Hexametaphosphate 134 HMP TuiFun
Uszund 10 ppm
s a ¥ 1 [ =t = -:‘i’ L
WBNAINFTAINFINGIIUAT nisilasfundniiinaauaansuintilaands
AruANAININTuIRAsszaeluiNga il Avguiundianuanunsalunisazanein
] ol =4 o g [ EI cl‘ ) V]
18981715 NAUHIY AEnsreAtuaNdRI waraaidnduidaassanainssun i
Wnugaiame  Reanmindudussaserarefiavanseglulugs  @insduilidu
N17AYLAN %Recovery Hldgaiuliiuing)
4.1.2 NIFANNANTBANAN LAY WHINTHA {(Iron & Manganese Oxide Fouling)
aulsianaziald wanawnsoanadnldzamia uaz dandtuaendadiuedig
= A = 9 o ] =
wn uanaeamindswululugaresszunesaludadoundy snndrmacluuienita dou
e o) a~ [~} = & ¢ o ar 1 g
Mnnjinidlunaneanled memnndnaaawdniiaiiy fasainmdnina (Fe') Taazareinls
muffranfueendiauludy narafhumdnitin Geaneanlddne Tredn® davinAud
sandiauaraatiwien wie liflee ssuvesaludadoundu aunsonuserinndiwsalsli
\fiv 4 ppm widnAuieanfiaulszinn 5 pom Wiennndn azAesilivdnialinu
0.05 ppm
fuhasauds  wdnadliaiutiymnissuusealudadoundy we  draunso
puAu et lugtaaunianaanoan sluseanauftiywiluGeswnneanld Tnanisfiunse
L= d' d: ar = [ = 4':!‘4! P} = b=
naawasan pH Faflunisesdemeandindusaawan lunsalifinnsanudnresudnia

(] '

d‘.’ gr 1 - ] . . b Y [ | A S % by
TUBENBUNAT AITANMEAITAZAINTATH3N (Citric Acid) uda UFu pH Wilsvindy 4 dae
wanluilelansanlas |
4.1.3 MsgARULAIRINATARAREES (SDI Fouling)

% -ﬂl 3 = i o LY d' & 9

windnszuueesludataundy sfassaanasuaauasmieilasiunind ligs
Aulugraaun Insansusauastamisoidmalaeldlidnsasitianiuazidun 5 Micron
duiuasmeasens  aziintsazanmlnduriu W uar  Annslauengiadu

. = 3 ar o el ar =4 ] n./
(Coaguiation) fisBu nsazaumresarsaraieluings  MlRNsEALINRBLIGIAUNTIR

1 W
Diffuse Layer aaspasasudgniulviuauss uar dsalauanqadulsd wefiiatude finng
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sonsiniuvasreasssdunguiow uar inreguuwNsy AN lENNIseRMuMNILSY
a X
a1
o Fae i o =£ = o £ oL I
nrllaafureaastfillbgasmunniusy Anfhuaieudunisdialauennaduiily
I R . o . s
WNaruiues Meilalaentsaniuiuneaaess ey (RNADEININIIABARDES (11N
Winalawanpadulenn)  lwnndfifdnirdnrasasadaanainuinauseisiauengia
Fusrtasdu mudeunisanaznaw ez NINTed N1sAdLANsEALafTazattlulugs e
fleafunsanaantasatssingg ddawiseinlilauenjuadurearesaandiulugaiinliein
nsiaatoznmuazanududurasreassas aranseinldlaunisindanininu

LE =

\Itia (Zeta Potential) WAz Silt Density Index (SDI) AM&T6 ﬂ’ﬂﬂﬂﬂﬂmﬁlﬂmnﬂi‘ﬂﬁ“r‘i@d M

T Ininudoags uer Winlauenqiaduldonn lunamsadng Aossesdiaiesniwen

azilfdminmudassn uay wnlawanguadulidng Silt Density Index (SDI) Shunssrild

uagssziumududutespeaasnd snmeind DI dszunos 23 vieteandn uaz bl

ety ludesnisgaiusmius ihaafuanadl SDI gasous 10 aufh 175 uazireaand

EHTUAUAANTHAFULBINNLLITY

4.1.4 mﬁ‘ﬂ‘ﬂﬁmﬁmmn'ﬁuﬂ?ﬁ(Biological Fouling)

usdealiqaunstdannsnaiy@duinlduumui sy (o‘i’luﬁﬂt‘?s’uﬁw‘%ﬂﬁﬂﬁu)

4. X x
Uruwasine) Rearananuldisi

™~ ]
& e

- wWHwsugniIate llmmzmssuiuasguntd Taduvzdasalfiduetmsls
- AARUNNILTY

= = & ..J t [ o r - d' = $ O g,g =1
- qRuriEtenaFtunsuuar naseanlinfaniuuiaraiaindals vinliarend

Uanu

1
= 1

Winmulugaresssuneeahifadoundy va 4 1l Andnielunewd 3.1 Saiin
LﬁmLﬁ’lﬁ’u-‘f{mmusiamsﬁﬂmwﬂqqauﬁ"ﬁ WfuetnaiReligauuudilunasy Fal4y
aaludvinamis mﬂﬁﬂﬂﬂ?umﬁauﬁﬁﬁmn?:ﬁﬂ@dqQ?zﬁ’m?:fTQLﬁﬁﬁfu ilasaan
pagTulUfATeAumwsudlvn  ddsenlidudaiuwuniull vie  aasiudndu
Auld wissusnagninsnuaugn @ Annwm Fnmamiumulannsa i
AN MARREAIEY Bnanszililaunmiannqauridlninpudnaseiudaiou antiu
Aadnnaeiuandreiimniiuludendnindntuas lunsdififiasmymrruuaashiia
fdaundy unamnuy Asdsussuianansazaty wafunanlad  (Formaldehyde)

WarswnellasfurduddimRuinnalaantazauiis



35

42 33 uAT TUABUNNTAIANNLLTY
msdraiipuazemuiususnilumsansaiiinl jisesudeanlsnfiandis

uas aasudaiuansiliaunsaindmeenldfaetin Permeate dnufuanaaiiftdazuiaiy

1. Acid Cleaning 41819 Acid Cleaning unazaneinleiniianazanety
arfinaldrin Permeate ansruneesliFadaundy winth Taouauliile pH = 2.5-3.0 1
ANARATAILYTENIN Inorganic Mineral Scale ?ﬁatﬂumnm:m""uﬁm']rﬁu CaCO, (Scale
Fouling) Wa% 15490 W (Biological Fouling)

2 Alkaline Cleaning 11413 Alkaline Cleaning u’m::ﬂ’]tl‘li'] Tmﬂﬁﬁﬁﬁﬂmmaw
fu azdealfrin Permeate ansruLpeslNTatioundy wint Taananldilan pH = 11.0-
115 Whidnansauradiandeluamiusy 1y (s lufu (SDI Fouling) uaz findm

AENBUUAN AFTUALN (Iron & Maganese Oxide Fouling)
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ALARTNUNITAARDEARAT

fvend  (DursuueenRnmefrunadnafiawilen Weanuuublfinesuaiunuing
= v ) s Y 3 A a
awe? Uszneudnadoullsznans doumiteAnna uazn1uineantedtey use aunn
iy TgUnsaline azdefinnmdeiielige dewindialszuianaicllrensuiomed
= oar a nll Aﬂl 4 h 4 ar ] v
signsasnimienuduiuunsn awnsoiasdoudeys wiwoudeya udnwuzdnen Tign
v, VW

stluuummusfldauasilsunaldiineiaonluinsuels Ailauedfuanuaminees
ssuulfiimeluiofueatusiasia  Teefuesfidutesatuanunamnsnimuall sunsli

= s

uanamazlilunmaupuiiesindaniriluge  daiineWannlifiauawnouazienian
spsendlEnirernnein tu faTumendinananditu v‘i'l’l.ﬁ’n'!i‘muaul,ﬂu%quuu ON-
OFF vietuuawdan 1y PID Control awnsasedriugunsniauazaounn u
annsohesedemsieyarupesfiowedld  Tansiiasiedearslanialezniidneniznisgs

|73 i

BYARE 2 LU ABNITAIULLLITING uazmMIdauunaynsy daznanatiinaaziBanddeliil
oy [ L ’
5.1 msAnsadagstayaialy
dnliznauifiasivlumsieansfeyautieantfiiu 3 d9u (6] An
1. thanulindaya (Transmitter)
2. sananslunisdedioya (Medium)

3. thefutiaya (Receiver)

fanalunisdediaya
Menuilnieys Aefudeya

<l Y w 1 v
517 5.1 annduiufaasdoudsznaundnluniseansieys
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mrsuungtiunlunisdeansiayaeiadauicldiuansuuuiu RINZeH AT
Fynuzesdays Aenrdeansioya owden (Analog)  uazmsAemsdeyauuLRARs
- = ' ot [% 4 ' -~ ; N e = I o o
(Digital) W¥nuLmAEnsdeiaya Tumilazndnfsmsdoansieyaiines Tuiluioyasiiod
Rendaaiuipsninenfiowas uaTATEIATLAN PLC/PC
5.1.1 3ansdetaya
wiasnlidlu 3 uuu Ae
=y =l . ga q: a :’r
1. MIgULRANIAEY (simplex) nsdeuuLifiAntinisdesasiilaaniwunluaiaun
v
sathelmihudhads  delafudeiu  nmedawuuiivilinseruimnnzanlunisifaung

sz

A lunrdadieys

Fadadinys T finfudaya

<l = =
719 5.2 MmidauuuiAnaaen (Simplex)

2. MedaLLENEWRAWANT (Half Duplex) iunisdetayaluiianiglaianiauildlunanls

el Aena 2 aollawarnadaiudadiurnsdandangiulils

fimnanzdedioun

<l - o«
71% 5.3 nmagawuuanavigmand (Half Duplex)

3. MIAULLABHAN (Full Duplex) Wlumsdsdaysluvianiale Al narleild Ae

annrnduasiudeyaluoanfioaiy
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e Fimdiunisdadiaym — ,
mdidays »  nRufeys
fafudoun  # . padedioys

51l 6.4 MedauLaasHANI (Full Duplex)
Fnsdeansfoyarinoatesnaninmesuiuiiu 2 1t Ae
1. n’n?ﬁ'famﬁmﬂml.uummu {(Parallel)

tﬂum‘rﬁmﬁa%mﬂmaﬁﬁwamnLﬂuﬂ%m: 1 'lusf Ae edtaz 8 D sngunaddalyl
fagunsnify FafuinnanarwinaAtesneniamafivananie s deditamdlideyas
FunNeH e 8 189N ‘Emﬂu'\nf-a:'l'n”gﬂumﬂmmmwiLﬁmmnﬁﬁrynpngmmﬂ'lﬂﬁ’uﬁuﬁ
uTIRIEn A AU Ieans Aafusziznersudnaiosaadiaiadlinng
fiu 100 W i limsdenuuiFszaznelilnaiin udanansndeteyalfsadammzamanin

| [ | 123 fd‘n 3 n a -1 a = - v
WIBNNUNUVIAT B UR qﬂnamwmmmﬂtmmmunuﬂ'auw'ummmu ATRINNA LHue

1 > 1

1 > 1

1 > 1

0 » 0

1 » 1

1 >

0 > 0
piadedaya Tafudaya

<l y v
5% 5.5 nsAnanstayauuunuiu

2. msdaasiiayauuveynsy (Seriall
L3 \ L4
Tumsdmstedl feyaasgnaveanuniscinssudng qadinatanin Jansdedoyauuyuil
srfindinsdauuuaing  wildfanawlunisRaaafieateanireariaaaiRead aaoyin i

] LS
A e lumsdsdwindaasnangnnduuuawy - nmiduuuillddwindaluszezniding
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i . . =
1NNg1 100 W deyasnandeasinsgnilfeuliiiueynsuiauudiraemeaasdeeenuiio:
finlldais  Aeasuassadiplunlunmaudsudayaignaseanunbiiduwuumng Tuns

wlasdasiipluunfivmizandatiasiuntstianainrasieya

o ;
sUn 5.6 nsdaarriayanLuaynTN

5.1.2 Jomnastunsinsadeans (Wslapas: Protocols)

lun1sdessdayaasieaingiedatwmunlumsdearsiays y3eftinwiFundn
Tslnpea (Protocol) Fafludrufiayinmmmasgrulumseaunu uaziANNTTEILNTAD AT
Toya

dwiuneazduaindnlwhdatiasfestesanzludnaadtlsianaanisainguns
Fanleediayn (Data link Control Protocols 1ia DLCP) Fenisdamsludaurasiuseuuas
winmarne Aelanaiuarmuendoatedays Aanslunirdeanstiayanimmsoaseuntl
aufianannrasdays  uazaaunslunitaugumsindeieatstas DLPC  wuisldmnu
Tazaairenasdaya 2 wiuAe Byte-Oriented Protocols WA Bit-Oriented Protocols

5.1.2.1 luslaiFaullsinaaa (Byte-Oriented Protocols)
Wslapresuuuidullrinresiinisdearsioyn uaznizacugumnineazin

Tmﬂlﬁﬁnum:ﬁﬂgﬂ'ﬁﬂuﬁqé’nm (Character) V3alud (Byte) %In@1AlTundn Character

Oriented Protocols Tquiivaaniiiu
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1. srialasialuslnmea (Asynchronous protocols) Tslmaealunisdennsfeyaiilinig
deansfionauuy  half-Duplex Wildnsurnirdeasiayauuuarilania  Fadunsfeans
[y & iy [ = - y L P
foyauuuiuguilionsndunenuud Airsazdoaussiuneulunirdeansieysiniy
Tillenrafinauianaintddes  uazihiltaafinsdeasdaysuuniilulassairanismun
e gunrfllunsdearsfeysfiliasuduien  wasfiengn  TdsTneasuuniRamns
il lurzuuaunman

[ L4 ol

2. lwwiaadania Wilneea (Binary Synchronous Protocols) TilmaAes wuuiiazh

anmuznisienildoudayadudnenslus  wasderdldmsdearsiayasuundelanda
= :‘w { L Py o 1+ o :’; ar 5r o o
MuaziBuauazdunauluntdeansfeyaiilipmnidatannndt Bnviedanananlidnriii

]
. =l

Tunsdemsdayaiigindt  nusetdwaaamsReasdeysuuuinldinsiuniduninsgu

o
]

THudaranrdeansdaysumsgiy BSC (Binary Synchronous Communication) Faih
Tsinpea Afdnwuzasdeyauu lusAzuAmmEanh U o

5.1.2.2 finleFawillsinpea

Wilapes wudiu Tslases fimsdeansdoya  uaznizaumunitewaglf

Fnwnizdayafiiuin Tmﬂﬁﬁq'ath-ufmm‘a‘%"'ﬂm?ﬁmgaiuﬁnwm:ﬁﬁﬁm?ﬁwumfﬁgmﬁu
H1MI§UNAIAE HDLC (High ~level Data Link Control) Tnuiilasea¥rsnesdeysuuy Felania
Wudenfu BSC wiinsiuiisneusradeysiunnin 3 Tslases dideaawn
doastoyauuusemdlivlinsdesnsdeyalisondondn  wi  Wilmeea  woudid
measdon  usrlassaiulunisdessiayafiasdududouminlinsauaunininauils
snuazdiodldqunInfitsangs Abivnzauiani e uiussuuaunegn

5.1.2.3 WANINA (Packet of Information)

suuuraininaluszuulaseinearlsenausotdousnen i
1. HEADER aztlsznoudiog
® Preamble or Start of Packet Indicator WlugauiFnusnasaunninauazluung
i = Faor ar [ o
sruuenalinsdediudyonunfiniresiadeuacinfusas
- i i . r = :’I 1 1.3
® Control Information doutifudayafiueniainglszasdreswininaiudnazly
viarls iiuNensAAMIs2UL LWag Status 189 mode 17w
v T
upnAINgusinemantiugn Tudaunrne Header anvaziidoumilu Sequential Number

uduiiuanltimmutsardureawininalunsdififeyaiinananauatsuining
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2. INFORMATION

® Data field iDudiuszneutestayasianisaani sasds

3. TAILER

® Frame Check Sequence (FCS) udouiilinmaaauanugnsisinasdayads
a1ailu Parity Bit, Check Sum %38 CRC ilusiu

® End of Packet Indicator iudoufivaninsuinduandeyausn

PREAMBLE DA SA CONTROL | INFORMATION FCS STOP

HEADER INFORMATION TAILER

-l
5% 5.7 uanslanafrereaunining

5.1.3 m‘é‘muﬁquﬂfnuﬁﬂwmr?ﬂ.un’ﬁ‘ﬁxi‘l'l'ﬂu”ﬁ {(Error Controi)
n%‘ﬁms‘m'ﬁﬂ:ﬂﬂmm‘ﬁ;ﬂmmm:uans:wwiﬂﬁnﬁmmmmu (Noise) N WiszA
wiy Iiaesudunaliiinandananslunideiaide ninnsdumanuiavanad
Rotuszwing
mdadiayauazuilornfiananalignsas

5.1.3.1 Aanaindndnlfdeys (Parity Bit) iensasaeuaniananil 2 38

1. 31 Parity WIL8Y
b4 n' < 13 d‘ ] ar  ar a=|' ° '
vinnsiin 1 O dnlufwsasfdnsshazdalasazimmuadudunisamsasuuuy Odd
178 Even Number ufiauasanzesdioyaaziilu Odd Number w38 Even Number
1 3
2.7 Parity wuas

nnmsassLANMianaalaenisiin 1 On W ldRudazuden
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01101101 1
01100110 0
10111010 1
10010111 1 _
00101001 1 Parity uuawuoy
00010110 1
10101110 1
11140010 1
01000101 1
Parity LI.u'JF"l"Q

] 3 . .
714 5.8 uamguuunmaRaLRIL Parity Bit

5.1.3.2 A% Patrol Diffuse Inspection w3n n1¢14 FCS: Frame Check Sequence
ﬁﬁﬂ%’uﬁﬂu‘]ﬂﬁuuﬁﬂm?w Error Inspection Sign (CRC Sign) 1u1a 2 Byte Adanild
uuﬁugmmmngﬁﬁwuﬁ“lﬁ' u,e'w'qLﬁ‘iuLﬂ‘?‘lmumﬂ‘lﬂﬁimﬂﬂﬁuﬁfuﬁwNﬁ’]’qui"m:mﬂmuﬁmﬂﬂ
m#l Inspection Sign 1ﬁﬁﬂuum1ﬁmﬂqm?nqiﬁﬁuqmﬁ Wiauiy (blast Eror) AMNEANAIATLEY
vﬂ}g‘aﬁﬁi’ﬂﬁiﬂdﬁﬂ’]ﬂd’]ﬁ‘ﬂﬂﬂ'ﬂﬂ'ﬂuiﬁﬁﬂﬁﬁﬂfJ’mﬂ’]ﬁ;'ﬂﬁﬂQ\‘l
5.1.4 n1n13dedaya (Data Transmission Rate)
Transmission Rate ﬁfuLLﬂnﬂﬂniﬁ’l’Lﬂu “Data Transmission Speed” Wax "Modulation
Speed”
5.1.4.1Data Transmission Speed
Data transmission Speed ¥3a Bit Rate ﬁ’uuﬂm’lugﬂﬂﬂﬁﬂmu Bit 7 anunsodald
ey 1 3ud Smdaadu n detund Tned@audn BivSec Wio Bps TugRd Definition 184
Data Transmission Speed Tntuanednaaunsiegnet
s={1/T)log, n
S: Data Transmission Speed
T: Continue time 284 1 pulse 184 Transmission Pulse

n: AuuAIanzlY 1 pulse
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Tunstilii Puise 1 gn S0 2 A1 Ao 0 waz 1 1w aunsazidlu s=1/T Toed T Wune
faiieq (continue Time) 184 Pulse 1 1/T AUAAIASIMILLES Pulse Ty 1 Hundl FafApaUIL
finfianansodelU16de 1 Suniue

5.1.4.2 Modulation Speed

=]

Modulation Speed W3n Baud Rate Aeduaupiaiianin Modulate Wlu 1 Aunit 3anns
Modulation Ii'uﬂ Amplitude Mod, frequency Mod, Phase Mod Lm:%'u’ﬂun?:ﬁﬁmmﬁq
dranantunsAoumnlasananiy ssaunsofuuslfdaunisiamnisgszilu Baud

B=1/T

B: Modulation Speed (Baud)

T: nanlunnRsuulaminanazviladugnaniazuil

5.1.5 g ulun1sdearsdeyauneyn
5.1.5.1 miﬁ@ﬂnﬁﬁﬂHaLLUUﬂgn?umﬁnuqmim RS-232C

ndeansdeyaunieynsuiilioueg luivaiu Tadnmsimuannssiuntsfudedeya
Tumawy  wiitldfuan B Houtustnanie msdearsdeyauuuaynsy
WATEM RS-232C Lm:ﬁmmg']uﬁﬂuﬁﬁﬂuLfi'mf-rmLﬂuﬁzuunqiﬁﬂﬂﬁiﬁﬂgﬂﬁl‘ﬂum‘%m
AanAqLAes IBM PC %uﬂuﬂﬂuﬁqLm'a*f*?iﬁ'l'ﬁ"athqthéumﬂmnmnﬂﬁmuﬁqﬂﬂﬁu NIRIFIU
mMsRassiumssenuuidasuldes ey duiumadansefueiodlugia (MODEM) R
tﬂufqﬂnidﬁlﬂunqiﬁaﬂﬁiﬁaHﬁ?:ufmﬂﬂuﬁqmairmumqmﬂimﬁ'wﬁ Fuinbidgnmng
Fudefeyagndrin iiafreudnein inmsgiu Rs-232C flxeenuuutiiilasaianisiaans
Lﬂuuuu'amﬁiﬂfaﬂwh&u Tefdnwuraniinalwiiuasnanianwiuandlunad 5.1 uaz
gﬂ‘ﬁ' 5.9

Fadedaya
RS232C

¥

d 1
gu# 5.9 uaaslanaiisreamsdoaisieyauuaynsumuRaIaNNInIIIL RS-232C
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5.1.5.2 MideanrfeyaaynTuuinssu RS-422A
TunmreenuuusuuBeasresfayaainfidmmamiauivdaqiu  Winmenaiuiaz
sonuuulinimdeanrdeyaldmmioln  warfiszurluntsfaansiinnnTudion  Tefkuunms
d’ L i d. ‘ld‘ ] o’ =3 ) z” &£ s o 8 A
apanrionan uNInTyIu RS-232¢ Mhesnuuuiwalfitenseiulumnmoi AsTildaniida
a " t ol y k4 I=; i dl
ANHuastzaznslumieans Aeanlalunsgiiunisdeansfeyalwiflieanuuunive
stefuAnAInsrasgliuidesmsiimsfudadeyaldlnauacondaly - wnsguilde
RS-422A FmshuinrgwdearsiiamnsoiudadeyalalnauasmnFaiudiaananmannigi
Tidyn iy Avierudes dwandugl 510 Tudnnimiaedunyiunfudesaiu
msnffauisurzudedygin 2 duisuifunesgu RS232C Adyaamndyg e
wenfunmod AlumsBeasluszezndlngy  udidynnssgnasveullussfiedyin
= d‘ ,..’, =3 =3, -~ 4 i o i E=Y
Qnasnauivgauils  dyoraduissiananlianauduei dildnasfuddoyaiia
<1 é‘ 1o o = = = :‘
HANRIATU  uRAMFLAY I nuuUANMaITUTER  nisarveutasdyniiallaaveuia

ar =4

asvaedosAiviaie  vielndlAasiuuszminuansresdyinivasudu  ansdauls
avludefuitfmmadntendaunlaien  foiliuaraanranmeusedygyindisses

y d‘ 1 ] : T » :’/ = ] o [ Srq e ar
miRamsilnalifinasienisniseanstoys wiawaunroAndefusiulate 10 M o

HABNRNINTUATNT 5.1 nafewfsuanargunisdeansieys

ddsdoya F
RAS5422A RS422A
100 ohmy

o Fufion
RS422A

Y L 4 =
Fitme
RS4224 FAf

=l ' .
7% 5.10 TasaaiwnrdearsdiayauLueyn AR 1L RS-422A
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5.1.5.3nsRea s deyARLLAYN ARAT I RS-485

mieasioyamunmsguiindmnudeiiuie  Rs-202c  duflunasgiunig
a:’ﬂﬂﬂi“il"ﬂuvﬂ'l.uLL'LI‘LIﬁpl‘ﬁ:ﬂﬂ’}ﬁ‘:w‘j”ld‘qﬂﬂmiu?‘ﬂ'iﬂﬁi’ﬂ'jﬂ (Point-to Point) dnt RS-422A 1y
NIRTgNIR AL RS-232C Wdszuznvinatunazdninsdesmndiniu wiftudu
nsdaansangunsaiuilidnhdieuUnsnfungean 10 5 wiW&uiﬁmmmﬁ'ﬂunﬁumnﬂﬂnmi
ffumnadld vdananliimstensdeyeainigiu RS-4224 du flunsdeansdena
Wy Simplex Asvianirasdaymiuuuunivfseaanian Fauddoenisaanuuussyls
Dudnwouslpsvinedeyafarhiamnsmild  Adimavaunusrgunsdessiayeiuim]
{58930 A M BINT Aonimrgu RS-485  daiumnarsufinndaudnnisvesdnio
wuAnaude A iuNIRT I RS-422A uﬁimmﬁ'nﬁ:famﬁwﬂ'lﬁﬁq 2 fianalu
Aty (N uREA LREY %aﬁ%ms%mﬁwaunu Half Duplex annuaaaan g lHd oy
Fmeouzinaimdoat] ylrzeniuazanudalumsieansdoyaiidge  udaaiy
mmgnumﬁmqﬁma RS-422A UsinmT§1U RS-485 mnwnﬁq:%mrs:udwqﬂnmifyh
nsdarasgUnsiligean 32 ud'i'nmfinﬁﬁolﬁdﬂnﬂ?ﬁﬂﬂﬂfuﬂmg'mRS 485 Wunrdaans
WULMANEAA  (Multipoint Communication) SAMAMIATRILIREL AR 5.1 LaTLAR

TAzaaiqalugi 5.1 Moazdanfiuduly

120 ohms 120 ohms

Fuinya FaFuiny

RS4B85 RS4B5

Andadayn
RS485,

v v
mAuazdfoyn
RS4B5 HEq

= y M
§U# 5.11 TaseainraanmsieasfeyauuueynsuniuninggIu RS -485
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A9 5.1 WisuRnuALANTENIINA1199 RS-232 C RS-422A unx RS-485

RS232 C R3422 A RS485
Cabling Single ended Single ended * Multi-drop
Multi-drop
Number of 1 transmit 5 transmitters 32 transmitters
Devices 1Receive 10 receivers 32 receivers
Communication Full Duplex Full duplex Half duplex
Mode Half duplex

Max.Distance

50 feet at 19.2 Kpbs

4000 feet at 100 Kbps

4000 feet at 10 Kpbs

Max.Data Rate 19.2 Kbps for 50 feet 10 Mpbs for 50 feet 10 Mpbs for 50 feet
Signaling Unbalanced Balanced Balanced
Mark (data 1) -5V min 2v min (B>A) 1.5v min (B>A)
- 15V max 6v max(B>A) 5v max(B>A)
Space (data 0) -5V min 2v min (A>B) 1.5v min {A>B)
-15V max Bv max(A>B) 5v max(A>B)
Input Level Min, +-3V 0.2 difference 0.2 difference

Qutput Current

500 mA{Note that the
driver ICs normally
used in PCs are

limited to 10 mA)

150 mA

250 mA

5.2 gluuureimsfasstayarnsiafiuand

mwiﬂfmﬂumiﬁmiﬂﬁﬂmiﬁﬂ:g,mmm"rmmuqu PLC/PC @naudsaanls 3 wuu

fneiu

5.2.1 NIRANATUULAAF BN

lumsinsedeamsdinyauuuqasiaqn axldasgunsiesisuuy Rs232C Fudunns
Ansieluszosalilnamnidu mifiadessuinaetasruan PLC/PC fuwdinsnaniiamas

WeimsnraassLanazmMminnu vie msmuguanAenFvaes vie sTuayuNIRin
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Bw nsiisRerzuiATEIAILAN PLCPC fugdnanitul itu Wi (MODEM) gunsnd
PIUANANLAMIIAE (touch Screen) AfUEFA (key board) AT UIVALDL (bar-code)

4 a oy oA o oa <
IATEINNW 1ATBILUNN {Recorder) LIATBITIENTUNGA (Reporter)

sUR 5.12 sLUUNTRARBULILARBIBAA

5.2.2 MIABIATULLNAEAR
5.2.2.1 NMIBARBULL BuwnAeiwy srorlng (remote O System)
Wunsdenlovdemstoyatudnums L TS AN RTBILATRIATLANWEN L
Janemwgunsnifignasusmetinadu uarenafinnnia 1 an fafudsfimmdndiufiaziing
denlodluszarlng 'Lum?ﬁmﬁaﬁnum:ﬁa:iﬁuﬁm‘gﬂun']fﬁﬂmnmu RS485 vuii1Aedy
TufishAtugamdn  (Master) awinisiuBummienniufiaesiaouny  wasniseszeying
(Slave) antuaziinsUszanaus udndaa il fdieingg Tmﬂﬁﬁuwmmzmﬁm 184

= r

mpgszurlnaarassiuvaddiadnulu (Internal Relay) 28909ALANNANIABNIIENTELIL

1 4
vwazumnsiaiu il audimdngn

Master

U9 5.13 madenlaswunAunmiewinnrzezlng (Remote 1/0 System)
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Input Areas

Outpuls Areas

internal Relay Areas

e 5 3 o ar a o =
E'l]'ﬂ 5.14 anqqﬁﬂ\jwuwﬂﬂﬂﬁrJﬂQUﬂN“anT LN NF

Inputs Area
Output Area
Internal Relay Area
Input Remote

Output Remote

U 5.15 mﬁ‘f-‘hamﬁuﬁﬂmﬁamqué’nﬂmztﬂﬂﬁm‘:‘ﬁﬂaméquﬁwﬂaﬂ%um VAN
reezing
5.2.2.2 NIRARALLLRTANA (PC Link System)

tf]uﬂ'nﬂ%ﬂﬂmﬁﬂmﬁ"ﬁ"ﬂHﬂ'luﬁ’num:‘umn'u‘umﬁuﬁ'lum?a’mﬁaumm PLC/PC usi
AzFn tﬂ?lﬂqmuqu BUKNARTNN Lwiﬂ::ﬁammm%’ufﬂhm15‘?ﬁqr’a’uuﬂ:ﬁ’u‘1é‘f umsgmlunig
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EQUIPMENT

SYMBOL

DEFINITION

High Pressure
Pump

RO Feed Pump
&Cleaning Pump

Kurifloat Feed Pump

Agitator

Automatic 3-WayValve

(M)

o ] Automatic 2-WayValve
gl

E Cartridge Filter

—

A at ar d‘ Ll ar
fuw 7.2 dydnwalnldlussuueealudadaundy
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EQUIPMENT SYMBOL DEFINITION

Temperature Transmitter

Pressure Transmitter

Flow Transmitter

e
J{ Lo |
..-.(. 1
| ]
L |
[ TDS Transmitter |
i
[
Vi 1 [ a\_J Membrane
- {L; ]
_;i'gﬁ.'[?h
Sh ¢
Lgf_i,:f_ . Level Switch
T and Storage Tank

gﬂﬁ 7.2 (A®)

A wiugUilddailldunainnis Tlsunsu Cx-Supervisor Aanwuniu filebmp rauay

Wl Visual Basic 6.0 TaugUnwsnanieluszuuamunsouaseaanunlidegi 7.2
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i

Concenirate Water

ottt ot 1t !

T

E Fesd | | resd 105 | 1 oo i | i I | permeale | ‘r ‘Pesmeate ‘ | Permeate | ' Concenlrale lCancenlrale g Concentrate |
H H oW ee } [

! Pressure | ‘[ E ! | Prassure | TDS ;| Fow YL Pressure i

i 1 TOS1 | N | Temperature 1 H | I

G g P AR | e ps2 | D52 | f2 |, PS3 T0S3

; . com g (mnn) } . | [

Lolesh v L 1 Lo ! E Polodes_ oo _tmgh l SAmithn)_ |1 Lpsi) L {psiy _ )

<] o @ b 1
5U9 7.3 slunnnisifiudeys luauwdasngeg
AwiullsunsuiinnisAuan  axindayadudilfunaandaden 7.1 uwing
Auanuiag wiaily
7.1.3.1 Awnmdasmsinareninaranindnlinanasduilesnainnigamu

280NN (Normalized Permeate Flow : PF)

Apg
Pf - Pps+1tfcs TCF,
PF = A x F XGFO (7 1)
pr 2P0 py infe  TCFo ‘
o 7 0 0

Subscript s \fuAasgm  (Idsnnisinwun)

Subscript o WhiArmzszuunwu(lianneds)
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Pl wiNAUsTULMINANWd (Feed Pressure)

AP dbwikreaussduluriuiangs

Pp  WNAUTDITZLUNNAIUEAN (Product Pressure)
GF, Fmsnnsivaretnazenananld (Product Flow)
Tic wieRuaaalugasauiu Concentrate Return

TCF uWAmaianugil

TCF = EXP| 2640x LS :T=25°C| . (1.2)
208 (273+T)

fuwualy i, =nfc

7.1.3.2 AW pvn A uduturasasazate luinaza e Rua s e RN uiiaaunann

NIEARUIBANNLTY (Normalized Permeate TDS : PT)

AP,
PT= Plo-—5 PPo ™ ™0 cfog «GT (7.3)
AP Cfeg ° '

Pfs-nrii-Pps-xfcs+xp5

v

o

y ﬁmmmm:quaﬁmzmmﬁuﬁ RlIARUUNAU (Recovery Ratio)

cic mrmdidnassansaranelwiniu (Feed TDS)

GT, adidurasasazanewirazenfindald (Product TDS)
Tip usesueagludanisdiuean

Awupld wtfc =nfc ;np,=np,

w [] ¥
7.1.3.3 AW IMNE Ao ussninningsanaNRAR LA AULT NN NN AL(%Recovery: %R)

(7.5)

% Recovery :[Permeate Flow } 100

Feed Flow
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7.1.3.4 Arunmnsasdausswdteannuiduturasatsazane luiiazenafnan iy

ArMdndueReasatrazarylustuy (% Salt Passage : %SP)

P te TDS
% Salt Passage = | — 00 1272 1100 (7.6)
Average TDS
+
% Average TDS = {Concentrate TDi Permeate TDS}XIOO (7.7)

7.1.3.5 AMUIUMNERIEIIEnT 1 AN R ureanTas aeluinfia (Concentrate
Water) fup N wednTasatsazane lussuy (% Salt Rejection: %SR)
Whunmisuantalss@Andnmseanuu lunsindanaaugstelun A1 Salt

Rejection anunrnaduiyldfeannis

% Salt Rejection=| 1 Permeate TS ]xm/o (7.8)
Fead Water Concentration TDG
% Salt Rejection = 100—% Salt Passage {7.9)

] 1 14
danneauanudafesitmiiaunnliing il usr Avdaysiu nuanslugl
d' & on 3 8 o . =W ar
seans e liinesanisdaunaguunlineealszdninwresssuuesaludadaundy AN
1 11 ]
wufazinniuindeyariiamvaiialy File dayn (Note Pad) Wadnufani1msIagaL

9 s
HRUNAL

7.2 gluuunisauaaslidsunsy
sUuuunMsinaedllsunsudlglunindesseiussuuasaludatoundy

anunsnasyladagl® 7.4 Suuenlsunsuasiamsuananiiiszuuvdn (Main Page) uaz 1

a
[l ]

¥
mesutayafdldnwuafuiiuuanisfines (Setting Parameter Page) aniu
Tusunsuazinisanudayaain fuand #m Hostlink Mode wianvisdanisdayauaz
murnulsz@ninnaesszuuesalydadeundy wfanvahlluFoudiauduaniniming

L4 1 dl =] 3y 3 o
Amualiwadsdulalisriudhgnezraunmsinanuazein
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( Fudiu \
Y

l AmueATTlee e 1eaeteslisTauazdt Sampling Pericd

Tunnfiudiaya

p*

mmsuanisRpudiasgmizudng PLC fu Computer

Y

UIrHIALAUATUARIANEBNNRABND TABS

. L.
WrANTIAINAS plot nTw

r

Y

sk lfnnirlszunann
uiulugesd Library File

AN RN M TLTEANA RN U B LB v

e
Ty sl

NNTATNTELL
( Membranet Cleaning)

A3IRRBUAT W&
TDS 1-3,F11-3,P81~-3

fuAmIRTIU

1
[
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5. wrnsuarstaya (Data Page)
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Performance Curve Page)
TraFudunimnaueasisunss asiamsuanantinszuudn(Main Page) ey
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[ Reverse Osmosis System
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RTS8
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Communication Setting Reverse Osmosis Diagram
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Data Record
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Setting Parameter I Performance Curve
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w. fhagram
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FEED Pulip 14z NURIFLOAT PUMP 142 [ CLEANING PUMP 182
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(Kw) (13./A5N) ( Wine/ATe)
High Pressure Pump 11 1 1 i1
RO Feed Pump 7.5 2 1 15
Kurifloat Feed Pump 0.2 2 1 0.4
Agitator 0.4 1 05 0.4
Cleaning Pump 22 2 0.5 2.2

Ans1arA AR = 1.6 unming
Funnslg Wi aune = 29 miae/afa

souAlaneRRaadelyl = 47 uawesa
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(Nlaniu) (L)
(U )
NIANTUNY 25 50 1,250
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Host Link Command Summary ' Section 6-1

6-1 | Host Link Command Summary,

The Host Link commands listed in the following table can be sent to the COM1H
for Host Link communications.

eader code PC mode . Name Page
/H RUN MON PRG )
RR Vahd Valid Valid IR/'SR AREA READ : 441
RL Valid Valid Valid LR AREA READ 441
RH Valid Valid Valid HR AREA READ 442
RC Valid Valid Valid PV READ 442
RG Valid Valid Valid TC STATUS READ 442
RD Valid Valid Valid DM AREA READ 443
RE _ | valid Valid Valid EM AREA READ o 443
RJ Valid Valid Valid AR AREA READ 444
WR _{Notvalid | Valid Valid IFVSR AREA WRITE 444
WL Not valid { Valid Valid LR AREA WRITE 445
WH Notvalid | Valid Valid HR AREA WRITE 445
wC Notvalid [Valid | Valid PV WRITE 446
WG Notvalid | Valid Valid TC STATUS WRITE ' 446
wD Not valid | Valid Valid DM AREA WRITE 447
WE Not valid § Valid Valid EM AREA WRITE . 448
wWJ Not valid | Valid Valid = | AR AREAWRITE 448
R# Valid Valid | vahd SV READ 1 445
R$ Valid Valid Valid SV READ 2 450
R% . Valid Valid Valid SVREAD 3 . 451
Wit~ Not valid | Valid Valid SV CHANGE 1 ) 452
ws | Not valid | Valid Valid SV CHANGE 2 452
W% Not valid | Valid Valid SV CHANGE 3 - ' 453
MS Valid Valid Valid STATUS READ ) : 454
SC Valid Valid Valid STATUS WRITE : 455
MF Valid Valid Valid ERROR READ N ' 456
KS - Not valid | Valid Valid FORCED SET : 457
KR Not vaiid | Valid Valid FORCED RESET ’ 458
FK Not valid | Valid Valid MULTIPLE FORCED SET/RESET . 459
KC Not valid | Valid Valid FORCED SET/RESET.CANCEL . 460. -
MM Valid Valid Valid PC MODEL READ | 461
TS Valid Valid Valid TEST 461
RP Valid Valid Valid PROGRAM READ ’ 462
wWF ‘ ‘Notvalid | Notvalid |Valid . FROGRAM WRITE 462
Qa Valid Valid Valid COMPOUND COMMAND . 462
XZ Valid Valid | valia ABORT (command only) 464
*» Valid Valid Valid INITIALIZE {command only) 464
EX Valid Valid Not valid | TXD RESPONSE (response only) 465
Ic — - - Undefined command {response only) 465

432




End Codes Section  6-2 -

6-2 End Codes )

6-2-1 Codes

The response (end) codes listad in the following table are returned in the re-
sponse frame tor Host Link commands. When two or more efrors occur, the end
code for the tirst error will be retumed.

mode.

End Conlents Probable cause Corrective measures
code
00 Normal completion No problem exists. —_
01 Not executable in RUN The command that was sent cannot be Check the relation between the
mode executed when the PC is in RUN mode. command and the PC mode.
o2 Not executable in MON- The command that was sent cannot be '
ITOR mode executed when the PC is in MONITOR

03 UM write-protected

The PC's UM is write-protected.

Tum OFF pin 1 of the CPU Unit's
DIP switch (SW1).

04 Address over

The program address setling in an read or
write command is above the highest program
address.

Check the program.

13 FCS error

The FCS is wrong.

Check the FCS calculation meth-
od. Iif there was influence from
noise, fransfer the command
again.

14 Format error

The command format is wrong, or a com-
mand that cannot be divided has been di-
vided, or the frame length is smaller than the
minimum length for the applicable command.

Check the format and transfer the
command again. -

15 Entry number data error

The data is outside of the specified range or
too long.

Hexadecimal data has not been specified.

Correct the data and transfer the .
command again.

16 Command not supported

The operand specified in an SV Read or 5V
Change command does nct exist in the pro-
gram. :

Check search data or the search

starting point.

memaory batch read was executed when
items to read were not registered for com-
posite command.

18 Frame length error The maximum frame jength of 132 bytes was | Check the command and divide 1
exceeded. into multiple frames if necessary.
If the frame exceeds 2680 bytes, the Recep-
tion Overflow Flag will be tumed ON and
there will not be a response.

19 Not executable The read SV exceeded 9,999, or an IO Register items to read before at-

tempting batch read.

23 User memory protected

The UM is write-protected.

Tum OFF the write-protection

transmission data

A3 Aborted due to FCS error in

An FCS error occurred in the second or later
frame, or there were two bytes or less of
data in an intermediate or final frame for mul-
tiple writing.

in transmission data

Ad Aborted due to format error

The command format did not match the
number of bytes in the secoid ur later frauie.

A5 Aborted due 1o entry num-
ber data errorf in transmis-
sion data

There was an entry number data error in the
second or later frame, a data length error, or
data was not set in hexadecimal.

error in transmission data

AB Aborled due to frame length

The length of the second and later frames
exceeded the maximum of 128 bytes.

Correct the command data and
transfer the command again.
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Section 6-2

A response will not be received with some errors, regardless of the command.
These errors are listed in the following table.

Error

PC coperation

Parity, overrun, of framing error during
command reccpiion. (Saivie even for
commands address 10 other Units.)

The Cormnmunications Emor Flag will be tumed ON, an error code will
be registelcd, and receptions will be reset. (The error will be cleared
aulomatically if communications restar! normally.}

The Communications Emor Flags are as follows:
Peripheral port: AR 0812
Buili-in RS-232C pon: AR 0804
Serial Communications Board port 1: IR 20104,
Serial Communications Board port 2: IR 20112

A command is received thzi does not have the
@ character at the beginning of the first frame.

The command will be discarded.

Incorrect node number (Not a local unit or over
30) )

The command will be discarded.

The data in an intermediate or final frame for
multiframe wriles is longer than 2 bytes.

An FCS error will occur.
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Communications Procedure

Section 6-3

6-2-2 Codes and Applicable Commands

The following table shows which end codes can be relumed for each command.

Header Possible End Codes . Comments
AR 00 13 14 15 18 A3 A8 |-
RL oo 13 14 15 18 A3 AB |~
RH 00 13 14 15 18 A3 AB |—
RC 00 13 14 15 18 A3 A8 |-—
RG 00 13 14 15 18 A3 A8 | —
|AD 00 13 14 15 18 A3 A8 |-
RE 00 13 14 15 18 "A3 AB |—
RJ 00 13 14 15 18 -
WR 00 M 13 14 15 18 A3 A4 A5 AB |-~
WL 00 0O 13 14 15 18 A3 A4 A5 AB |-
WH oo O 13 14 15 18 A3 A4 A5 AB |-
wC 00 O 13 14 15 18 A3 A1 A5 AB [—
WG oo o 13 14 15 18 A3 A4 A5 AB {—
wD o0 o 13 14 15 18 23 A3 A4 A5 AB |~
WE oo M 13 14 15 18 A3 A A5 A8 |~
WJ 00 O 13 14 15 18 A3 A4 A5 AB |—
R# 00 13 14 15 16 18 23 —_
A% 00 04 13 14 15 16 18 23 =
R% 00 04 13 14 15 16 18 23 e
W# o0 O 13 14 15 16 18 . 23 -—
wWs 00 O 04 13 14 15 16 18 23 —_—
W% . 00 o 04 13 14 15 16 18 23 —_— -
MS 00 13 14 18 -
sC 00 13 14 15 18 19 - -
MF 00 13 14 15 18 -
KS oo 01 13 14 15 18 ' -
KR 6o o 13 14 15 18 -
FK 00 O 13 14 15 18 -—_
KC 00 O1 13 14 18 —
MM 00 13 14 18 —_—
TS 13 14 ' 18 —
AP 0o 12 14 18 23 A3 A8 |—
wpP 00 01 o2 13 14 15 18 19 23 A3 A4 A5 AB {—
QQ, 00 13 14 15 18 19 A3 A4 A5 AB [—
xXZ — - No response
. - No response
IC -— No end code -
EX - No end code
6-3 Communications Procedure

Host Link communications are executed by means of an exchange of com-
mands and responses beiween the nost computer and the PC.

With the CQM1H, there are two communications methods thatcan be used. One
is the normal method, in which commands are issued from the host compuiterto
the PC. The othermethod allows commands 1o be issued fromthe PC to the host
compuler. ’
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Frame Transmission and Reception - i
Commands and responses are exchanged in the order shown in the illustration
below. The block of data transferred in a single transmission is called a “frame.™
A single frame is configured of a maximum of 131 characters of data.

The right to send a frame is called the “tfransmission right.” The Unit that has the
transmission right isthe one that can send a frame at any given time. The trans-
mission right is traded back and forth between the host computer and the PC
each time a frame is transmitied. The transmission right is passed from the
transmitting Unit to the receiving Unit when either a terminator {the code that
marks the end of a command or response) or a delimiter (the code that sets
frames apart) is received.

Commands from. Host In Host Link communications, the host computer crdinarily has the transmission
- night first and initiates the communications. The PC then automatically sends a
response.
Frame (command) " Frame {commarnd)
Unit no. Unit no.
|_Header code | | Header code |
Host .
computer Text Text
FCS . ECS
Terminator Termminator |

Next frame transmission
enabled (i.e., transmission

right transferred)
Unit no. Unit no.
Header code Header code
End code End code
PC

Text Text

- FCS FCS

Terminator Temminator

Frame (response) Frame {response)
Commands from PC With COM1H PCs, itis also possible in Host Link communications for the PC to

send commands to the host computer. In this case itis the PC that has the trans-
mission right and initiates the communications.

Host
computer
No response
Unit no.
|_Header_code, |

PC : Text

FCS

Terminator -

When commands are issued to the host computer, the data is transmitied in one
direction from the PC to the host computer. If a response to a command is re-
quired, use a Host Link communications command to write the response from
the host computer to the PC.
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6-4 Command and Response Formats

This section explains the formats forthe commands and responses that are ex-
changed in Host Link communications.

6-4-1 Commands from the Host Cdmputer

Command Format

When a command is issued from the host computer, the command and re-
sponse formats are as shown below.

When transmitting a command from the host computer, prepare the command
data in the format shown below.

i i Tt F T
@ [x10% x100 * 4
i i - . i |
\ A _N\ ' N\ A\ /
Node No. Headet Text FCS Terminator
code
@
An “@" symbol must be placed at the beginning.
Node No.

Response Format

identifies the PC communicating with the host computer.

Specify the Host Link node number setforthe PC in the PC Setup (DM 6648 and
DM 6653 for CPU Unit, DM 6553 and DM 6558 for Serial Communications
Board).

Header Code

Set the 2-charactercommand code.

Text .

Set the command parameters.

FCS -

Set a 2-character Frame Check Sequence code. See page 439.

Terminator : .

Set two characters, “" and the camiage retum (CHR$(13)) 1o indicate the end
of the cornmand. '

The response fromthe PC is retumed inthe format shown below. Prepare a pro-
gram so that the response data can be interpreted and processed.

i

1 1
@ [x10" x10° x 167 x 180 %
| | 1 : e - 1 ]
\ N FAN N\ AN N\ /S
MNode No, Header Endcode Text " FCS Terminator

code

Long Transmissions

@, Node No., Header Code

Contents identical to those of the command are retummed.

End Code

The completion status of the command (e.g., whether or not an error has oc-
curred) is retumed.

Text )

Text is retumed only when there is data such as read data.

FCS, Terminator ‘

Refer to the corresponding explanations under “Command Format.”

Thelargest block of data that can be transmitted as a single frame is 131 charac-
ters. A command or response of 132 characters or more must therefore be di-
vided into more than one frame before transmission. When a transmission is
split, the ends of the first and intermediate frames are marked by a delimiter
instead of a terminator.
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Command and Response Formats

 Section 6-4

Dividing Commands (Host Computer to PC)

As each {frame is transmitied by the host computer, the computer wails for the
delimiter to be transmitted from the PC. After the delimiter has been transmitted,
ihe next trame will then be sent. This procedure is repeated until the entire com-
mand i.a5 been trenemitied.

Frame 1 (command) Frame 2 {command) Frame 3 (command)
Unit No.
Header code
Host
computer Text 4 Text 4 Text
FCS FCS ' FCS
Delimiter Delimiter Terminator )
| Delimiter | Unit No.
PC Header code
End code
Text
FCS
Terminator
Frame (response)
Dividing Responses (PC to Hpst Computer)
As each frame is received by the host computer, a delimiter is transmitted to the
PC. After the delimiter has been transmitted, the PC will transmit the next frame.
This procedure is repeated until the entire response has been transmitted.
Frame (command)
Upit, No.
Header code
Host
computer Text
FCS
Terminator Delmiter Delirriter
Unit No.
Header code Text Text
End code
PC g FCS FCS
Text Delimiter Terminator
FCS Frame 2 {response) Frame 3 {response)
Delimiter

438
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Section ~ 6-4

Precautions for Long Transmissions

When dividing commands such as WR, WL, WC, or WD that execute write op-
erations, be careful not to divide into separate frames data that is to be written
into a single word. As shown in the illustration below, be sure to divide frames so
that they coincide with the divisions between words.

Frame 1
—T F sttt T T T 1
@ G w D Data X
l I e ! ! ] ]
\ FAN A FAN N/
Node Header One word of data | FCS Delimiter
No. code
Data from the same word is not divided.
Frame 3
T T TTTrT T T
Data % J
1 1 T | I
-\ AN /\ FAY /
One word cf data FCS Terminator

Data from the same word is not divided.

FCS (Frame Check

Sequence)

When a frame is transmitted, an FCS is placed just before the delimiter or termi-
nator in order to check whether any data error has been generated. The FCSis
8-bit data converted into two ASCII characters. The 8-bit data is the result of an
EXCLUSIVE OR perlormed on the data from the beginning of the frame until the
end of the text in that frame (Le., just before the FCS). Calculating the FCS each
time a frame is received and checking the result againstthe FCS that is included
in the frame makes it possible to check for data errors in the frame.

@ 1 0 R R 1] i} i} 1 4 2 %k J
.- f .
\ VA FAS P4\ FaAY /
Node No. Header code Text FCS Terminator
FCS calculation range
ASCIi code
@ 40 0100 ooon
X0OR
1 N oo 000
: XOR
0 30 001 0000
X0R
R 52 0101~ 0010
1 3 0011 0001
s 0100 0010
g&lu fation 1 1 Converted to hexadetimal.
4 2 Handled as ASCI| characters.
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Command and Response Formats o | Section 6-4

Example Program tor

FCS

This example shows a BASIC subroutine program for executing an FCS check
on a frame received by the host computer.

400 *FCSCHECK )
410 L=LEN{RESPONSES$) * ... .---.-. Data transmitted and receiver
420 Q=0:FCSCK$=" ~
430 AS=RIGHTS (RESPONSES, 1)
440 PRINT RESPONSES,AS.L .
450 IF AS="*" THEN LENGS=LEN{RESPONSE$)-3
ELSE LENGS=LEN(RESPONSES$)-2

460 FCSP$=MIDS (RESPONSES,LENGS+1,2) ' .... FCS data received
470 FOR I=1 TO LENGS * ....ccenanen Number of characters in FCS -
480 Q=ASC(MIDS {RESPONSES,I,1)) XOR Q

490 NEXT I )

500 FCSD$=HEXS$ (Q) .
£10 IF LEN(FCSDS$)=1 THEN FCSD$="0"+FCSD$ ' ..... FCS result

520 IF FCSD$<>FCSP$ THEN FCSCK$="ERR”
530 PRINT”FCSD$=";FCSD$, "FCSP$=" ;FCSP$, "FCSCK$=" ; FCSCK$
540 RETURN H

Note 1. Normal reception data includes the FCS, delimiter or terminator, and so orn.

When an error occurs in transmission, however the FCS or some otherdata -
may not be included. Be sure to program the system to cover this possibility.

2. In this program example, the CR code (CHR$(13)) is not entered tor RE-
SPONSE$. When including the CR code, make the changes in lines 430
and 450, '

6-4-2 Commands from the PC

Reception Format

440

in Host Link communications, commands are ordinarily sent from the host com-
puterio the PC, butitis also possible for commandsto be sentfromthe PC to the
host computer. In Host Link Mode, any data can be transmitted from the PCto
the host computer. To send a command to the host computer, use the TRANS-
MIT instruction {TXD(48)) in the PC program in Host Link Mode.

TXD{48) outputs data from the specified port (the RS-232C port, the peripheral
port, or ports 1 or 2 of the Serial Communications Board). Refer to page 410 for
details on using TXD(48). :

When TXD(48) is executed, the data stored in the words beginning with the first . ..
send word is converted to ASCII and output to the host computer as a Host Link
command in the format shown below. The “@" symbol, node number, header
code, FCS, and delimiter are all added automatically when the transmission is
sent. At the host computer, it is necessary to prepare in advance a program for
interpreting and processing this format. ‘

T I i

E )4 122 characters max. * a
] ! R : } |
\ AN AN FAY AN /
Node No. Header code Text FCS Terminator
{Must be "EX)

One byte of data (2 digits hexadecimal) is converted to two characters in ASCl}
for transmission, the amount of data in the transmission is twice the amount of
words specified for TXD(48). The maximum number of characters fortransmis-
sion is 122 and the maximum number of byles that can be designated for
TXD(48) is one half of that, or 61.
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Abstract

The reverse osmosis system is uscd 1o separate water from dissolved organi¢ solution by a membrane
and controlling the operating pressure. In a certain application, reverse osmosis system nced to be cleaned
by considering from the decreasing of water {low rate, the increasing of total dissolved solids (TDS) or the
large pressure drop between influent and effluent.

This paper proposes a new technique of automatic cleaning in reverse osmosis system controlled by
compuier. The protocol {RS$-232C) in the Hostlink mode is used as interfacting port for the computer to
controi the cleaning process. The results show that this new proposed technique can be applied for the

l

increasing the efficiency of the system.
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A13719% 1 159AU Feed Water (PS1) U39 Permeate Water (PS2) 349 Concentrate water {PS3}

f’l".l'llll‘lilfll'l’.ljll'l.lﬂ‘i {1138 AWY03 Feed Water ( TDS!) mwmim’fwaa MIDEHUYDY Permeate Water { TDS2)

AU U YD ENII BEATUYDY Concentrate Water (TDS3) 8ATINI 1AV Feed Water ( Fi1)} 8R3IN1

TR0 Permeate Water (F12) 6013 1175 TMAYB3 Concentrate Water (F13) Qm'ﬂ{]ﬁﬂ 89 Feed Water(T1)

Hnnﬁﬁuﬁﬁiagn

$noufie | Psy Ps2 | PS3 | TDSI |TDS2| TDS3 il Fi2 Fi3 | TI

douly (n-fn‘r‘i) (psi) | tpsi) | tpsi) | tppmd |(ppm)| (ppm) | (M} | (m*he) | (m'he) °c)
mmgiu 180.00 | 14.50 | 130.00 | 975.00 | 18.00 | 2475.00 | 52.00 | 35.00 | 13.00 |32.00
i 180.00 § 14.501 128.00 | 667.50 | 14.50 | 1725.00 | 54.00 | 4090 | 12.10 [32.60

2 185.00 1 15.001 132.00 | 773.43 | 17.32 | 2752.00 | 54.00 | 41.00 | 13.00 |31.50

3 190.00 | 16.50 | 135.00 | 853.00 | 19,00 | 2205.00 | 54.00 | 40.20 | 13.80 |32.60

4 192.00 | 18.00 | 124.00 | 983.00 | 22.00 | 2785.00 | 53.00 | 38.20 | 14.80 |32.00

5 195.00 | 19.08] 135.00 { 1050.00 | 24.00 | 2810.00 | 52.00 | 39.00 | 13.00 |32.00

6 158.00 | 20,00 | 135.00 | 851.00 | 23.40 | 2476.00 | 51.00 | 38.40 | 12.60 |32.00

7 200.00 £21.00| 138.00 | 752.00 | 22.00 | 2350.00 | 50.00 | 38.60 | 11.40 |32.00

8 202,00 |22.00{ 138.00 | 1025.00 | 32.00 | 2204.00 | 51.00 | 35.00 | 16.00 |32.00

noudn 9 250.00 | 25.00 | 145.00 | 1080.00 | 52.00 | 1725.00 | 52.00 | 32.00 | 20.00 |32.00
piadmn 10 182.00 j 14.50 | 125.00 | 982.00 :m.oo 262000 { 52.00 | 3920 | 12.80 [32.00
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Development of Reverse Osmosis System by Computer

Taned Harnpattananusorn
Montron. Leelajindakrairerk
Drepartment of Electrical Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,Bangkok 10520, Thailand
Tel:(662)326-4111 E-mail:Taned9&} stmail.com

ABSTRACT

Reverse Osmosis System is the system to separate
water from any density solvents. It operates by two
factors which are feed and product pressure and
membrane. Same to other mechanism systems, it need to
be maintenance and for Reverse Osmosis System when it
should be cleansing the membrane. The answer d epend
_on three factor first, decreasing in rate of pure water
producing ‘of the system second, increasing of solvent
density in pure water and third, the high different
between feed and pressure product. This paper will
present computer technique to control the membrane
cleansing. This technique will help us for calculation and
evaluation efficiency of membrane. We can control the
membrane through computer by link to RS-232¢ series
port in Hostlink Mode. From the result we can conclude
that this technique can be applied to enhance Reverse
Osmosis System

Keyword: Reverse Osmosis , Membrane, Hostlink Mode

1. Intreduction

Although Reverse Osmosis Systern was known by
engineers and scientists for many decades but Reverse
Osmosis System did not have enough development until
recently it have been developed and encouraged
important role in industry. According to efficiency of
Reverse Osmosis "System, engineers are trying lo
improve the system continuously and then foliow with
efficiency and cheaply membrane which is the important
factor to encourage Reverse Osmosis System

2. Theory

Operating flow of Reverse Qsmosis (RO) is different
from other mechanism ,RO will eliminate salt and any
organics by Ion Exchange and Absorption. RO can
eliminated an organics because only water molecule can
be though type [ 2} membrane, but for salt molecule, it
will be pushed out by membrane and for any organics
molecule, it will be filtered and seized on membrane.

MEMBREN]
Frin m.r(P

L,i:&.
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: P[nusa:[ wAlLR
URL PuwP

CONCENIRETL I'lAI'EII

Fig. 1: Operating Flow of Reverse Osmosis System

2.1 Determining factor to potential Reverse Osmosis
system

1. Temperature and PH each of degree increasing in
temperature will stimulate rate o f water flux but do not
induce leakage of salt flux. In order to prolong life time of
membrane, should be keep PH level in range 3-7 and do
not use in over high temperature.

]
~€ F-3 24
[ '
B L3 -
; o
§ 3
&~ 04 T T T - r
0 15 2 rcl x w kLY
-
Termprovtart { C)

Fig.2: Temperature of Pure water from System

2. Pressure will directly effect to rate of producing water
flux [3] of the system but it rarely effect rate of salt flux.
For this reason ,Increasing pressure to the system will
enhance rate and quality of pure water production.
However the over high pressure will also discourage the
system since the over pressure will over tighten structure
of membrane until water do not simply flow and will be
decrease rate of water flux. gradually

3. Density of raw water

An increasing density of raw water has lead to decreasing
in rate of water flux and efficiency of Reverse Osmosis
system since it increase rate of salt flux leakage and also
OSIMIOSis pressure
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Fig. 4: Density of Solvent in Production Pure Water

1.2 Applied Reverse Osmosis System

An operation of Automatic Reverse Osmosis system
has developed from Reverse Osmosis System 10 enhance
the system efficiency. Automatic Reverse Osmosis
System can calculate and analyze for efficiency
and also automatic membrane cleaning which it depend
on quality and quantity of produced pure water. Figure 5
will show Automatic Reverse Osmosis System’s
equipment . Step of calculation and analysis efficiency of
membrane are the following
1.Calculating a decreasing in rate of pure water
production caused from permeableness of membrane
( Normalize Permeate Flow :PF)

Pr —AP; 12-P, +rg TCF
PF, = £ L Py TRy e sl pr, n
Fj- -AFDJJ—PP_ + R, TCF,

Ps : Feed Pressure

AP/2: One half divide pressure drop

P, : Product Pressure

PF :Product Flow

n, : Osmotic Pressure and Concentrate Retumn Pressure
TCF: Temperature correction factor

Exrpeao* §/208 -1/273+T T 225°C

s : standard condition
o: operation condition

( In calculation assume e, = 7fc, )

2. Calculating an increasing in rate of density in pure
water caused from permeableness of membrane
{ Normalize Permeate TDS:PT )

o= - - C
PT,-[[ e !l P, ‘ff-"’m]¢ ff;_l-pr., (2)

Pf.-w‘fz_PP._”ﬁ,""P, Ciep

17

CF,-[ln(l_lr]H’]'C! &)

Y : Recovery Ratio
C; : Feed TDS
P, : ProductTDS

7ip : Osmotic pressure of the permeate
( In calculation assume ff =7g iAp, =7p )

3. Calculating a ratio of pure water and raw water
quantity{ % P}ccow‘y:%R)

% Re cov ery [fﬁﬂfffn—w—-] - 100 (4)

FeedFlow

4.Calculating a ratio of solvent’s density in pure water
and average solvent’s density of system

PermeateTD S ], 100 )

% SaltPassag e =[ y 708
verage

% AverageTDS = Concentrat eTD.S‘2+ PermeateTD S (6)

5. Calculating a ratio of solvent’s density in concentrate
water and average solvent’s density of system( %Salt
Rejection :%5R)

%Salt Re jection =1 — %SaltPassage ¥

3. Analysis

The step of anatysis and evaluating efliciency of
membrane will operate on personal computer pentrium
500MHZ 256 MB

3.1 Efficiency analysis

Taking analog and digital signal from outsource
equipment to be data for PLC and passing data through
computer by hostlink mode. The program will manage
and caleulating for efficiency of membrane parallel to
comparing with predetermined quality of water in order to
making decision for cleaning membrane process.

3.2 Operating flow of program

First, the program will display on Setting Parameter
Page(figure 7) and read the data as the user defined at the
setting program, then sofiware will read the data from
PLC through Hostlink model and also manage data along
with calculate the membrane efficiency
(figure 6). Data coliccted from PLC and calculation
results will display on computer screen and record the
data to the file for conveniently and cross checking the
data at later date Data from PLC and calculating will
display in Historical Page Then will store data 1o file for
convenient and cross checking later. The stored data can
open in Historical Page in graph display show in figure 8
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Fig. 5: Automation Reverse Osmosis System

Fig. 6 :Communication Setting
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Fig. 7 :Setting Parameler

from figure 7 show parameter setting of Reverse
Osmosis System before operate
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Fig. 8:Effiuiency of Membrane

from figure § show efficiency of membrane by
calcutation from eguation

Table 1:Calculation Efficiency of Membrane

Measuremen
t
Condition (No.) °%R | %SP {%SR| PF | PT
Standard 75.00[ 1.44]| 98.56
1 75.74] 1.67] 98.33|37.08| 20.78
2 7593 1.25|98.75(37.811 21.97
3 74.44F 1.71] 98.29{34.82| 22.76
4 72.08] 1.57| 98.43} 34.15] 23.52
5 75.00f 1.651 98.31]34.62( 23.15
6 75.29] 1.87| 98.13}33.98} 27.82]
7 77.20] 1.85] 98.15/33.81] 29.00
8 68.63] 2.86| 97.141 30.65] 35.08
Before
Cleansing 9 61.54f 5.85| 94.15[27.93] 59.06
After
Cleansing 10 75.38] 1.21]| 98.79[36.55] 15.62

119

4. Conclusion

We apply computer for calculating membrane
efficiency in Reverse Osmosis System ,whether
membrane should be cleaning. It will save expenditure
and time. The system will calculating membrane
efficiency by analyzing and comparing quality and
quantity of produced pure water o predetermined value.
If the rate is deviated from predetermined value the
system will clean membraoe automnatically.
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