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ABSTRACT

This'research,is a study. of the automatic bicycle washing machine with closed
water system.whichican promote environmentatly friendly~technologies in order to
maximize the-usé of water. lt'can be applied toother kinds of automatic washing or
cleaning deviees. Thetbasic_confisuration of #the altomatic. bieycle washingimachine
with close water system is'0.96 meters.in width, 1.92 meters'in,length and 1.8 meters
in ‘height. Its structure ;was maderout of ‘aluminum: profites, During the study,
important; process'. parameters, which’ relate. to cleannessand ‘water_Consumption
were ‘established. To evaluate the cleaning performance,«the experiments were
initially <done en_a White polypropylene \board for, consistent measurement. The
boardiwasCoated(with_clay'which has-the highest surface adhesion in gomparison to
other ‘types-of soils.<Then 'washing the beard with the  differentisizes ©f hole spray
nozzles, water ‘pressure, speed~of Spfay nozzles.and distanege between the nozzles
and the washing, surface. Using image processing, technique oy MATLAB, analyze
cleaning process inseach,period by counting white_pixelpercentage and quantifying
the value. The result of this"studying has found*that the best value as 96% at hole
spray nozzles size 1.8 mm., water pressure at 1.8 bar, speed of spray nozzles moving
as 15 seconds per round and the distance between the nozzles and the surface is
300 mm. With these parameters, the water consumption rate was 17 liters per
minute. Another part of the research is exploring the filter working duration using
cheap standard filter type. The evaluation of water quality was made by image

processing technique by MATLAB, change the image to grayscale 20 levels and then



take the percentage calculated to the weighted average, the acceptable value is less
than 7.1. The results showed that the sediment (PP) 0.1 micron, filter rate 17 liters

per minutes can filter water 4,580 liters, can save 30.04 baths per filter change 1

piece.
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2:1.1.1 'FULL CONE/'NQZZLES
suluuaEnssn e dwaneaasadunanidlug wuzdmiunnsanu
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FULL CONENOZZLES
 Solid tone-shaped spray pattern : Typical applications:
* Medium 1 large drops I" o Chiemical injection
* Cooling
j » Dust suppression
= Firg protection
'* Rinsing
[ Washing Spray Angle Range:

15° to 125°

1

$UN 24 gansnmiidauu FULIECONE NOZZLES



2.1.1.2 FULL CONE (SPIRAL-TYPE)

FUBUUAUSENTINTI8 vuavenasdnenu veulnaiUsdaseunquliviniu
WULAYINUTIANNLIRANAMAETL U1 dINTUNITTEUIEAINNSAUAILDINTA LasiAa

sruuandu svuutesiudaisy uagnisdungs dwandlugun 2.2

FULL CONE (SPIRAL-TYPE)

« Solid cone-shaped spray pattem Typical applications:

* Coarse drops | Air and gas cooling

o Coverage not as uniform as conventional | e Dust suppression %
nozzle with an internal vane type o Fire protection QQ@

© Quenching

Spray Angle Range:
50° to 170°

SUi1"2.2 uansn MAAAWUL/FULL CONE (SPIRAL-TYPE)

2.1.1.3 FULL CONE (OVAL-TYPE)
SUMUUATENT1nT9 8301 Aningz ubtaauniagUssualg Senilaresainy
g1 ngwsduiunatelflue s dmsuni s seutermausauieognne wazuia

SPULANKU Sy UudeIudnfy wagn 1seumas aauansdusdn 2.3

FULL CONE (OVAL-TYPE)
» Solid cone-shaped spray pattem with oval | Typical applications:
impact area with a-width approximately Air afidgad coolifg P
one-half its length | ® Dust stppression ‘ '
* Medium to jarge drops * fire protection l "

;  Quenching

i Spray Angle Range:
60° 10 105°

§UT)2.3 Lapsammsiadsituy FUELCONE(OVAL-TYPE)

2:1:1.4 FULL CONE-(SQUARE-TYPE)
SULUUAW NN T ﬁuﬁmswugﬂ%‘m?{amifﬁa Puaengnaiusduiunanad

ey wangdriunisssuieamsausigeifiawasiifa ssulendu ssuutesiudadse
wagnIsAuInas Aauandluguned

FULL CONE (SQUARE-TYPE)

* Solid cone-shaped spray pattern with Typical applications:
square impact area

e Air and gas cooling
* Medium to large drops

| e Dust suppression
| e Fire protection
* Quenching

Spray Angle Range:
52° to 105°

gﬂﬁ 2.4 LANINNIIAALUU FULL CONE (SQUARE-TYPE)



2.1.1.5 FLAT SPRAY (TAPERED)
sUluuasgue Beaguamasuiud auanenalsguiunans n1sdanuuss
nszunngenItasduvusEuTindy nedmiun1sudansuaeniu N1TENNRIBLS TG

LayN1TauaaIn o9 LLﬁﬂﬂugﬂﬁ 2.5

FLAT SPRAY (TAPERED)

 Thin, tapered-edge rectangular
spray pattem
* Medium drops

¢ Higher impact spray than other
flat sprays

- !

YT 2.5 WananamifA3nun FLAT SPRAYSTARERED)

Typical applications:
| o Descaling
 High-pressure washing
| abel removal

Spray Angle Range:
15° to 110°

2.1.1.6 FLAT SPRAY-(EVEN)
A l:ll A L4 € 1 al ¥
sULUUAWSEUNE stdwRsRuiauanenasaUunatsielig Taeusnild
dustsUwuunsAiRE o un D UYL EEI S DROSlaaR YR MFsE U8 LT Y N3 TTA L

YU agn13ansaaianadusui. 2.6

FLAT SPRAY (EVEN})

® Thin, rectangular spray patier
® Medium to large drops

o Typically used on a spray header for
edge-to-edge pattem contact,

| Typical applications:
* Coating

| ® Cooling

* Moisturizing

* Waghing

|
1
i
i

Spray Angle Range:
25° to 65°

SUT 2.6, U ImiRBnuL U FLAT SPRAY (EVEN)

2:1.1.7 FEAT SPRAY-(DEFLECTED-TYPE)

sUlvuansguN JUAnRELEERN vuarengselandslne) n1sesnuuunig

A199ANAT DN é’QLLamﬂugUﬁ 27

FLAT SPRAY (DEFLECTED-TYPE)

 Thin, even rectangular spray pattern

© Small to large drops

* Large free passage design
reduces clogging

© Narrow spray angles provide higher
impact; wide-angle versions provide
lower impact

| @ Cleaning

rndvunalvadagaanisendy musduuuauliusansevu gemiaguning wmunzdmsunis

Typical applications:

* Washing

Spray Angle Range:
15° to 150°

g‘dﬁ 2.7 LAMNNIIAALUU FLAT SPRAY (DEFLECTED-TYPE)



2.1.1.8 SOLID STREAM

sUnuvasdns Tiusenssvugeaadeniu autanenasduiunans g
dmfumsvheuaretananfasidlesesiindeanysn uasimviudnliauysal Fauandly
U7 2.8

SOLID STREAM

* Solid stream nozzles provide the | Typical applications:
highest impact per unit area o Cleaning products when
© Medium to large drops complete removal of dirt

and debris is required
* Decorative spray ponds

© Laminar flow operations Spray Angle Range
| 0°

3UT 2.8.UanInIWTRGaMuY SOLID STREAM

2.1.1.9 HOLLOW CONE (WHIRLCHAMBER-TYPE)
sULutAWsIUNNa n avendilSEUmaasdslue) NunTauvesdesded
JERINIDINA LadNUNINN Y AT IUAE S NS VAN TILUTBANAUS D UAE DA LaziLid

WA AN SEuURnEL M PdeIINE peudn il 2.9

HOLLOW CONE (WHIRLCHAMBER-TYPE)

* Circular spray pattem ! Typical applications:
© Medium to large draps ® Cooling air and gas

* Good interface between aic  Cooling products
and drop surfaces * Dust suppression
1@ Water aeration

[ Spray Angle Range:
| 40° to 165°

Bt L L B L L lll S 1 & i

gih'?i 2.9 UamININDAR UW-HOLL OW-CONE (WHIRLCHAMBER-TYPE)

2:1:1.10 "HOLLOW CONE (DEFLECTED-TYPE)
T g0 neas st iU enasUsuatanengsduunansidng)
WU IMvoIFRIR SEINeIN A Wy iuih Ainenay wunzdaisussuuandu ssuudeatuy

v a o 14 o

ARNY a1NYINANLALIMANS U LAz vind 1wl aausnalusUun 2.10

HOLLOW CONE (DEFLECTED-TYPE)

 Utilizes a deflector cap to form an Typical applications:
umbrella-shaped hollow cone pattermn o Decorative sprays
. * Medium to large drops o Dust suppression
* Good interface between air and  Fire protection
drop surfaces * Flush cleaning
tube/pipe mFenurs Spray Angle Range:
* Water curtain 100° to 180°

5UT 2.10 uameanmPiiBauuy HOLLOW CONE (DEFLECTED-TYPE)



2.1.1.11 HOLLOW CONE (SPIRAL-TYPE)

JUuvUAsLUUInay sutanenasEveny Sasinisivagelusuiaiadned
ngyindn miaaﬂLLUU%uLﬁmﬁqmauﬁ’aaiqmuqqqmém%’umumﬁaﬁﬁmum wingdmiuns
TEUWANNTBUMERINA Wazliid seuuAndu an1sssuiemIuiousnen1sssive AaLans
Tugui 2.11

HOLLOW CONE (SPIRAL-TYPE])

 Circular spray pattern Typical applications:
* Coarse drops (slightly more coarse than * Cooling air and gas
other hollow cone nozzles) o Dust suppression
* High flow rate in a compact nozzle size « Evaporative cooling
* Ope-piece design features maximum t
throughput fora given pipe size

Spray Angle Range
50° to 180°

U 2.1 TwanswiRdnlll HOLLOW-CONE (SPIRALTYPE)

2.1.1.12 .ATOMIZING/FOGGING/FINE SPRAY
SUBUYALUTEJUDTaeNA 2 I vmanadisdian «Juavoes AuqaLUsdan
Wiz @3 un15SEUTEA MU BUMEN 155\ NASUIMNEN ATSIAITLYLTT LagnIsa UL

Wy Aalansluun 242

ATOMIZING/FOGGING/FINE SPRAY

*-Hollow cone spray pattern . Typical applications:

® Small drops. * Evaporative cooling
L. Hydraulic, finely atomized, low * Misting
4 capacity spray  Moisturizing

* Spray drying

Spray Angle Range
35° to 165°

SUA 2.12 Uden IR AU ATOMIZING/FOGGING/FINE SPRAY

2.1.1.13, ,SPRAY PATTERNS="AIR ATOMIZING-NOZZLES
;YutugiUsevianavany vuintadnann Tdasnadliunisiliduazens

WIHNZEINSUNISLAG URRATTIELAE AN DU N15I8UTTAINS D ULUUTEINY Lazn1siyaing

YUy fanandlugun 2.13

L

SPRAY PATTERNS — AIR ATOMIZING NOZZLES

* Wide variety of pattems: round, wide-angle = Typical applications:
round, 360° circular, deflected flat spray and = Coating

* Cooling

* Evaporative cooling

* Humidification

4 ¢ i : ® Moistening Spray Angle Range
4 % 18° to 360°

3UT 2.13 uamanmiiadauuy SPRAY PATTERNS - AIR ATOMIZING NOZZLES

flat spray

* Very small to small drops — use of
compressed air increases atomization




2.1.2 9ASINISINE KATAUDNT N
USUNUVDINAILLANAIATUNAMUAUTUNITRANY UBNIINTAIIUDINTNUNILYD

YDUNAIANANTENUADDANTINTLARIALNT 2.1

9. 2F
Q2 (PZ)n

(2:1)

e 0 = gn3In3iua (Flow Rate)

1WUSDU "n" ABLaY
g “u*ﬁ’ﬁ‘ WiULLU A

U

I‘ , —
N - — .'
Ium ) 9 5 . - ” ..n . \

’ g " .'
¢i m"\ s w RYA N an \\
d & -Nu- D \ [20 20

An®an

AR e 7 AVA A AN A WM

masmlglunisuseiig a"ﬁ' ; IR @u SaLUsgnanans

NAAN

Capacity

Full Cone Nozzles —
0.44

Wide Spray and Wide Square Spray
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2.1.3 vaulunalUsdasaungy

L4 =)

Useandamyuasdvesiia danuuandraiulunuseeenisawsd anund

= °

YDUNAY ANNANTOVRIMIEN Lazausiu egslsimuaiiuaseurqulnasinisAuim

v
v

nangud wararsgnilfiduuuanig uenandilyuasdnseylilunsstuegiunis

3

Aaviui dawanalugun 2.14

JUN 2.14 Lanfiheg e utunnTIayse

2.1.4 A27UAUAARY
muAUaRal Ao sgaduanldRuliawnetrdssnouteaia udlaziluszuuiiie
UsgnounIgans g9 agvia AAoIN NI 13 58 Upe Usia bl Ula1 19hdniaviualas

Fruusznoudy §azlasuTe nae1NEINe ie sl uaTeeeINIA LayAl9ainy

2.1.57 AR Tuviln
- ] wa =y d' ] A v
anuila L duAaian dhvey vonnaindenJundsidfvulUadsUsns wienisdn
3 ! A = o o Aa ! & 1
sadvsnavludmsing Anuaves Yeumaniudadevianiiinane slliuuaidsd nsne
i uazeamndosas TetiedTilacavilegsddusenfian didugenintm ez udunisne

muesliuuadss wadivaiusdisimuauniaselieuivi

2.1.6 W3RN

nansTNUMAnTesLTRNEa ogluturuasar ety yuasd uazvuanya
paautRvasusaieinfinudanunntuaeu i usaisingelutisanyuaiuse
TnsiengageBehdnuuunsienals Laglinu ussiaiamamsadielimndnldaui

ANUAUAN

2.1.7 YUIARYA
PANYA UAZN1INTEAMveaUIdasTusgiugUuuuidnaiusdudazuuy uae

o o wa

wansinsiueg1eiitdeddny auaudfves veamnad Ysuinsiidn Ay uavyuausd dua
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Aevuanen Auduasifaninasldvunneailvg uazmudugagldvuaneniian
Usunshian aldvuiaveniiidn uazhiaalsuinsvualugazlavuiaveailng vuiaven

< o o w 1 a a v 1
JudadudrfysioUszanduavesnislaauusasuuy

2.1.8 N1998NUUUTTUU

LY

szuuviaiiedainludeida desldsunisesnuuulidiuseduingnaeslmindag
aunIs 2.2

pgh
PPump = Ppozzie™ PPipe Losses T WOOO (2.2)

| 3

AUV SRt (kg/m)
VA o g 2
= ﬂ’J']ﬂJLﬁQLu@Qﬂ'mLLiQIu@JﬂQQ“U@QIaﬂ (9.81 m/s)

PdigssspiTnaetolu (m)

T S S
1l

= AINURL (bar)

2.2/ n15UszdananIn

Funatin AR LUslun s arsnensenw Laldnasussanana n - lunaiase
ANNEER VR IHTINATERR gnInER 2 LAt TunauAIsanEITaliAatissuule 1aldnns
Ustananian i lunansi s ae ey 0nua st aviiaun1sn 384 Jan13ussmnananin (Image

Processing) Ag adsMlUsunsuposfinmesdszinanan nismmsvasnsaaulalunniu

'
a

Tnliidsaldanoanpuslrodindu nsfnaiuiaiutnesistusdduanpauly Winesduy
s dusiasgn (Pixel) 1Ae AlsAaauaniJutsntinane ] ansiuil tArga) 1y n13gn
A7 (Texture)Nasg3uuuuPatter) (13RSI MM GUS T (Shape) wIomaataswLuUDuY

Wewemeg (3]

221 AMNIENEITUMNAIAED

nsUszInanafmaInea.llosruulaiudeysnowiitneadarinnismuia udd
Joyaeonuniuamiisnumsdivetneiiines aunsavhlalagnisaemiienudives
wodliluguresiuusorsisendulassasvesdoyafidniSodldvarsda lnsrluusazdos
asuanafianaanURves 001N (Pixel) n38AANNTNYRAE (Intensity) Lavdunulsvestos
ansstifuimimuesiuniesye

msdanugunmazdanudeyavesnmliluguresuning auudminmilvuin M x N
W02 x ABEN) ANYDIPANTNITUNUAIBLEVIIUIUANANNTNB B UWATNELA Aagu

N 1 o 1 o a A I a s A o/ ¢l
ANTINVIDY U ATLUUIIANUUAUAT (x,y) = (0,0) LLMAUUAINYLAIN 0 ABANUN O WAy
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'
= 1

a o ) 1= Q2. a 1 dl U &l Y @
NAANBEWAILINTAT (y) = (0,1) EWNAVLNATAGLAIN O ADANUN 1 LUFAIIAIAUNNS

Y

94899ANNVRININAIUARSIUIUT 2.15

e O1IgIN
A% T il e R e N=—1

0——+—r—r—r—r—r—r—r— '

M—hs\s\ A\« [¢/ 4 /4 . .
One pixel/—~ fix, ¥}

U 2.15 Lansiidanlig1esamadpea

2.2.2- U009 N
N marUssnaYsngtaRal Uuunsng wasonasslunnunauiuimasng Ussinnues
Diug1uayiled 4 UsEn wazdesalulmar e IAUSs N UL NN S AT IuANEAI AT Usuen

nduandszionia Tawn

2:2.2.1 aINV140 (Binary Image)

Y o A i a o ' a i A oA

anwaugTadM NI Feluuiasinleaasuiamiisamutluns Binary) fe il
1 A szneulumead | uag 0 Ing7 1 Aoanam@una/uag 0-Aegnnwae fakansluzud
2.16

|
T

[ i o e R I

Rl i I R s A

T
[l N Nl W T I o U e

o

1h'7i 2.16 Ww@nIv1-A" (Binary Image)
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2.2.2.2 AWawm (Grayscale or Intensity Image)

ANwUEVRINNEWN AplunfazinwasziA1AUTLveaLas LAt ulY
fawpdvnludadan Tneunfudininuuuseaudiniazininuazidun (Resolution) WinAu 8

UM FININATAAITEAUAMUUULAIVDIFAYNAU 0 dIUAITEAUAINUTLVDIFVINRE T AN

Wiy 255 ﬁﬂLLamﬂugUﬁ 2107

=

Gray Level
187 214 218 220
W28 129 185 222
Mg w27 128 190
100 TEANI126 129

gﬂﬁ 217 WARINTNITSAUE (Grayscale-or Intensity Image)

2.2.2.3 0Na%U (Index Image)
ANVAULVDINNAYY Aolulslasin@atadnmALAUAIS B (rdex Number)

G Juiaus Uil Gz gniinaduisinanluiiounusisasd (CotoriiTable) Failu

1

N5 1ERIAMERELAS d0T87 Lagdunliu searsaflo gyl fiualudimusfingatiug dan

9PN 3 Avhlsaaeanlusui 2.18

14%47 21 21 53

0.3882 0.0314
0.4510 0.0827
0.2588 0.1808 0.0627

Image Courtesy of Suzan Cohen

3U17i 2.18 uaasnmavil (Index Image)
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2.2.2.4 AMW&39 (Truecolor Image)
o/ a a =) = 1 A [ aa 14 = =)
ANWUYVRININGDTI 1T8IT8NT1 AN RGB Aeuuudnaesdnusenousind 3 &
A a a A = %:’ a 1 aa o a 1 a A a0 v gj 1
Ao duns Al uagduiu lngusdazdlidnuiulnedvas 8 Un wiedamudunaus 0-255
naMAeN NG 1 yaamazUsznaumedtuiulanmun 24 In yilinmalswaudnduldle
< 8.3 = < A a [
anum (27) = 16,777,216 & 21 RGB 9t Tun1mniinainn1susenauiueanin 3 am

MEUNU WABEANNNIUSENIUITWNULLALFAL sauanslugun 2.19

0.2902 0.2588 0.3235
5 0.1600 0.2608 0.3
0.1608] 02508 g.25pe  Q.2508

. L J

FUN 2,19 UanInwass

2.2.3 msuvasn nTviduninaiacen

o i - I3 o A Id a 5|
AITUIUNATNTIINIUALLUS ‘VﬁaLﬁiﬂIﬁja@ (Threshold) V]'\LW'E]VW&'?‘U'JFJLLEJﬂ‘UﬁL'JﬂJV]aUTﬂ

ponRNUsaAduNardiNe E N s s amaulalfceTy  Arsviassalvaniin

1
=2 1

Ialasnasdad maazynanliUSsuisvauaATrsia i 7T e nidaadalys (Threshold

&
[ = da

value) FyyhnAwasannmMiEREBERN AT aud g Uzl 0 GaRdeds wazdwin

a

1 D, = 1 1 a 1 & [ = @
ANVBIIANTNUUNATHINAITATUALLUN ﬁ;mmwummﬂu 1 YINPBEAUI?

v
2.3 mMsUsuUTeRunINia
P P v o o wa v s a ol P e )

nsfnwAIesaesadnseudnluiflagldurszuula duludesfnyinisuiuuss
AMAINURNDMIITNITUUIZEN  TIANAIBATLUIUNTS B9 NTLUIUNITNNNNLAN
(Physical treatment processes) 114%301W (Biological treatment processes) Way N1aiadl
(Chemical treatment processes) @aquadivantfvesnairmieifoadudrfy dmsu
nszvrunmstitananign ndndutuneulunissndsovulumaii 1wy nznou veuda

wauaeey A vludiunaruidusieg sonvndndeluduiiuduaesnszuiunis 3
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UINoUMIBNITUIUNITANNG LU N1SANAENDU (sedimentation) N13aBYMIRILBINA

(dissolved air floatation; DAF) wazn15n594 (filtration)

2.3.1 n19n5949 (Filtration)
) |4 PR 2 1
130581 (filtration) (Uun1suannienienIn ieneneyniavewdiliazais sen
PNvouUa? leglivesvadinildiunanvewadunds Irarudina1anses Feintnsnveuds

aal 1 1 1 a o/ 1% 1 ¥ 1 A Y 1
nvualngnivenutavesdingesl uasUaselvimeuvadluariu veuvainnsesla Sundn

Aawmsn [6] ﬁ'ﬂLLﬁﬂﬂugUﬁ 2.20

AN A &y -1

b AR )

_ &
18- AN IDIVLUBIUIUNAG

i St Soslldhe daudn
WOK) 2.0
(g

§

JUM 2.21 uansnmnisnsesyintuian
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1%

2. N3N UANURY (Surface Filtration) A mimmﬁlsﬁ'é]’uﬂiaaﬁﬁglﬁﬂmﬂ

ugaulaulianunsardountiudinsasle sauanslugun 2.22

i
r’)iﬁ ﬁﬁlﬁ .

JUN.2:22 uaninnna3nsesvlianuRa

3.-195N589%1AAINEN (Depth Filtration) -Ae-nnsannsesnosluiilefmnsediad

lpedtduienaruyisnegaeliinnsvaiinsey nudndluguii 2:23

!’

)

5UN 2.23 uanin1nnasnsessnnaauan

2.3.1.2 %Unva9nTo
YUAYDINTDI U 3 BUUAD
1. N9V (Membrane Filten +Utin1snsosviinfiuiii (Surface Filtration)

12 anweAe MakuIfRINULLEaNTaY (Dead-End  Filtration) vaunaiazlvaniuly

v

ANWAULAININAUAINTOY LLﬁﬁIMﬁLLU’W’D’NUULgaﬂi@Q (Cross flow Filtration) ﬁuaﬂmmwlwa

o

suludnwazauIuiUFINT 8 Aawanslugun 2.24



3
U

U

7

5. ®@Bacteria, fat
EEsgy § Pt
= Minerals (salts)
= Water

2.25 L@nannuilnvaensaeelda (Membrane Filter)

17
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2. nseauUUTUNTO (Bed Filter) {Wun1snseswfinainuan (Depth Filtration)
Tnsldnsesiiinasruaumisdousu Tnsduuengaiaumuuudeslugduluifiaam
NUILUULIN

3. N98ILUUASN3aR (Cartridge  Filter) 1Wunnsnsesviinaa1udn (Depth
Filtration) n3en1snseswilafiuia (Surface Filtration) w3evs 2 Snwaigsauiu lnvagnigly

UaanAsaunsInsyuen wasasinatsveslasnasevilvielvuesviailva

2.3.1.3 ldnseaun

o @ o =

ldnsesdmiuwmiasnsaaiazliduaynsalddgdmiunisnses dauaudn

o

Lmﬂsmﬂulﬂm’mgmmwuadLﬂ%aﬂsaqﬁ%wiawszan UAlagunFanannisvinauveald
P v - Y] i [y 1 ' v i °
n3e99edl 2Mutmedu pe-ldnsashuuydgelviuaviequtu wavldpsosuuunuinausin

UfAseiuasnses dusansodouunldnsasussnnding o wavauddasalunisldaula

i

728

1 W Asaameny_sedifnent (PP Bailna1mdule Polypropylene Wislvunaidn

A 1

U A = IQ o v g {
WuAuiANLANTSaluNIS 150 KEsIL IR0 NI JATAZIagavesgNdsud MUY ot

Y

71 1-10. lunsougnuiannsg sUun oulsn 1NeyiIn 15N oS Ke-Hu A5uvataar aduinén

laau darAtanUsamaeniniui auaadlusun 2.26

SUTl 2:26 uaaslinssme U Sediment(PP)

2. [&nsoniaaniusudden CTO(Carbon Bleck«"Reduce Chlorine Taste &
Odor) unstneimsivetineawiids Wiiianatrd laea1sueulinauaud@lunis gadu

nau d a19iall AReu uardsanusnaneg duansluguin 2.27
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JUN 2.27 uandldnseairsueuuden CTO

3. l&ns991115%u (Resin) awLEaINanUTIiuYL Freliildnseig de

nandluguil 2.28

SUN 2:28 Wandldnsaauaisi-(Resin)

=

4. 1&n309ULASAAS U GAC (Granular Activated “Carbor) Wuldnses

D

vssyrrivaubilunssuenudlildsnuvinsihmih ignduaeeduy-d aastedisneg fuldndlusui

a2

JUR 2.29 Lansldnsesdninsantsuau GAC

5. Ydnsesinesnie (Ceramic UUldNT030M AEFAL AL ALY T3
wa - . i ' & a =
AaaudRvesTadARe dverinssvuieiriiie Uisdna 0440.5uasou Jeaunsanses

WeuuaiSule duandluglie2.30

) 1

Cersmic (3-3) Ceramic(B-R)  Cermmic(A)

JUN 2.30 uansldnsesdigsidia (Ceramic)
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6. ldnseslulas (MF : Micro Filtration Membrane) 1Juldnsesdiil
Pwanansalunisnsesegyd 0.1-10 lunsey viunantagdaasizy (Synthetic Membrane)
%iln Micro Filtration Membrane a13nsauendsanysn wazansuuieaossaqldd fauandluy
SU7l 2.31

U 2.31 uanslansedlilas

7. ldnsendiae i (UE 1| Ultrad Filtration [\ Membrang) \1Uuldnseend
A1IUA 1150 U I5HTD IR M,001003 LuAswu Wi imaanTandeins gy (Synthetic
Membrafie) 4fin Ultra Filtration-Mermbrane @1115ans09@auuanisobe s uadelitetu

59 el Ta fuudestugun 2.32

JU% 2.32 uansldnsnduigia

8. ldnseaunlus(NF2Nana Eiltration) Sipanwanuasaluntsnsaduszuna 0.001
luasou WiruRanTanduasiei(Synthetic Membrane) uilsl Nane, Filtration Membrane
52U Nang lagnuiunldlunantasdavnistdaluse uunseshdadlusnninszidessedl

auansalungsagesngdieliliszuuinne dauandlusUn 2.33

JUN 2.33 uansldnsounly

9. ldnseetenile (RO : Reverse Osmosis) LUuldnsesiivinunainia

duAs1E3t (Synthetic Membrane) ¥ila RO Filtration Membrane usguunseadrniainu
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0y }%

azldgn uavagerauinigatudagiu deminuainisalunisnsesiic 0.0001 luaseu &9

9
grz 2y

annsansaslatesziulda vililiifiaveausmeinielsn fwanduguin 2.34

JU% 2.34 uansldnseiensle

2.3.1.4 n1ssaanldnsas
NSLABNLENS89ANTNANTNNAINYSUaUN1TIHiA 8] lnedenldldnsesnisnsn
a (Y a w &\ & Pu| 1% = a ' )
N19NTRINUENZEUAUUSL NI Aanandlunas1en 2.2 ldnsosiimnuazidenunnaneiy
wgdgusiuiLandlusun-235 uazifentildnsemmunuautfivagldnseslunisidn

9N IAYRIENARINIINTEY, Mkantlusun 2.36

ﬂl U 2/
AN5NN-2:2 LR 9RIIN 1IN0 VDA 509

ANaNsalinag 893107303903 (BRIsauaY)
a4 (lupson) 2/5%9.75/ 1 2.5x20 A7 4.5x10 112 4.5%00 9
0.35 45, NG 30.28 34.07 49.21
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Pressure drop and flow rate

[
=)

[
=)

Pl
SEX // e

[
FeS

512 | ///

1 g
210 =
o —— 10pm
g 8
E — DS
&

=)

VeI e
m*nrvy.
m

99% Radium 80% Hexavalent Chromium 86%

99% 1 Flouride 93% [ Nitrates 87% [ Nitrites 87%
Copper 99%  Mercury 91%  Selenium 96%  Trivalent Chromium  88%

JUN 2.36 LNUNNUAAIYUINBUNIATDITANYTAA19Y

22



23

2.3.2 MTIATIZRRAINLY
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1. aunsgnlavinliAnlsa (Nonpathogenic Microorganism)

¢ o

2. FumsdniiliAnlsa (Pathogenic Microorganism)
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2+ =L+ = =z,+ 2+ 2—+hL (2.7)
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wasudngluzuvesmnuiuainluvesiva aruduadnfiana Weuluzuveasn Asaunis
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2.4.3.2 MIgayideses
) % a a o =
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V01045 09N 0.18
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ML oUARY 050
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AT5199 1.1 LARIAINANNAL DA IULAAETINIAINITNAGDIN 1

a1 Gud) GBI ina‘ry image White pixel %
20 ’E 3.54
40 42.14
60 46.39
80 50.%
100 56.82
120 63.44
140 68.17
160 19:5%
180 76.33
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AN519% N.2 LEAAININANNAL DA ULAAEBIIIAINITNAGDIN 2

a1 (Gund) . G' ‘; Binary image White pixel %
20 4.84
40 36.06
60 44.2
80 46.44
100 Gt
120 60.42
140 oo 29
160 66.7
180 70.58
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ANS199 N.3 LEAAIAINAIIUEL DN MULABELINIAINITNARDN 3

72

a1 Guai) RGB image Binary image White pixel %
20 4.24
40 4.6
60 392
80 39.45
100 55194
120 58
140 63.16
160 64.19
180 66.87




A15199 n.4 LLEWNﬂ’]Wﬂ’J’WﬂJﬁS@’]ﬂIULL@IaS‘d’NL’]ﬁ’]ﬂ’]‘é‘i’]ﬂﬁ@\‘iﬁ 4

a1 (ui) ,, img Binary image » White pixel %
20 335
40 4.14
60 Bilsal 3
80 32.7§
100 45.97
120 50.76
140 55353
160 Gyail
180 58.38




A1519% N.5 LLﬁGNﬂ?Wﬂ??Mﬂ%@’]ﬂIULWiaﬁﬁj’NL’Jﬁ?ﬂ’]i%ﬂﬁ@ﬂﬁ 5

a1 Gui) RB iage Binary image White pixel %
20 4.63
40 510) 75
60 57:85
80 66.04
100 70:86
120 75.88
140 79.45
160 81.44
180 84.81

74



A9 N.6 LAAININANLAL DA IULARETINIAINITNAGDIN 6

a1 Guan) injg i Bin iage White pixel %
20 : - 4.47
40 46.38
60 55.85
80 61.19
100 65.43
120 69.68
140 74.71
160 78.49
180 80.48

75



M990 N.7 LEAASNINANEE 1A LULAREYIIAINISNARRN 7

a1 Guai) RGB image Binary image White pixel %
— T
20 5.61
40 6.83
60 55.28
80 56.33
100 67:08
120 70.00
140 72.16
160 1393
180 75.98
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A151991 1.8 LEAAINTNAIINEE BN IULABETIIAINISNARBIT 8

a1 (un) RGB image Binary image White pixel %
20 S5
40 383
60 36.59
80 39.08
100 48,05
120 54.27
140 58.82
160 63.78
i,
180 - ' 65.93
& o

7



A15197 1.9 LAAININAIUALDIA LULABETIIAINISNAABIN 9

a1 Gui) RGBige s Binary iage' " White pixel %
20 .53
40 D001
60 83.08
80 88.04
100 91:82
120 92.68
140 94.97
160 95.19
180 96.10

78



dl 1 1 tﬂl
AN5199 N.10 LEAAIAINANNAL DI LULARLTIUIAINITNAFDIN 10

a1 (un) , R;GB image Binaryviae White pixel %
20 5.81
40 51.66
60 | i
80 75.43
100 80.91
120 84.23
140 85.53
160 88.30
180 90.63




A9 N.11 LEAIAINAINNAL DN MULAREYINIAINTTNAGRIN 11

a1 Guai) RGB image Binary image White pixel %
20 8.39
40 10.82
60 71.44
80 72. 18
100 80.83
120 81.89
140 85.88
160 86.90
| “ '
180 | (S - : 88.33




A15199 N.12 WAAIATNANAL 1R lULARYTIIaINTNAARITN 12

a1 (Gui) RGB image Binary image White pixel %
e e .
20 6.28
40 8.25
60 61.42
80 63.18
100 69:04
o .
MU
e *'
120 A 76.04
140 81.22
160 80.53
180 82.83




AN9199 N.13 LAAINTNAILEL DN IULABZTINIAINITNNGDIN 13

nian (Gun) GB:Vr‘n‘age' Bina iae White pixel %
20 h “ 4.78
40 44.31
60 55:85
80 57. R
100 62:57
120 8.99
140 1.9
160 81.15
180 81.41

82



A9 N.14 LAAINTNALAL DN IULABETINIAINITNAADN 14

a1 (Gun) RG? imﬂage Binary iage White pixel %
20 5.29
40 39.21
60 50.62
80 53.4
100 558
120 67.99
140 72.60
160 76.90
180 77.80

83



a | ' o
A15199 N.15 LAAININANNAL DN IULAALTI9IAINITNAFDIN 15

a1 Guai) RGB ima Binaryknag White pixel %
20 16.13
40 184141
60 42.02
80 43.57
100 54;59
120 &l.5
140 63.14
160 64.36
180 69.36
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A157197 N.16 LAAIAINANELDIA LULAAETIIAIN1TNAaDN 16

a1 (Gu) ‘ RGB ige Binary image White pixel %
20 10.45
40 12.55
60 34.5
80 37.%
100 47.63
120 55.88
140 5652
160 60.58
180 63.57
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ﬂ. 1 1 dl
A15199 N.17 LAAININALEL DN TULABLYIIaINITNAaRIN 17

a1 (ui) RGB image Binary image White pixel %
20 4.13
40 57.45
60 65.09
80 73.1§
100 83:43
120 84.62
140 87.74
160 98 15
180 91.07
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a ' ! i
A157197 N.18 LERININANET DA lULAAETIIAINIVINGDIN 18

a1 (Gu) .‘ image , Binary image | White pixel %
20 4.48
40 49.58
60 61.36
80 71.88
100 75:88
120 82.36
140 85.89
160 88.56
180 90.22




ﬂl 1 1 dl
ANS99 N.19 LAAININAINNAL DN IULABEIINIAINITNAERIN 19

a1 Gu) RGB image Binary image White pixel %
20 13.18
40 13.81
60 Sif 9
80 62.5
100 70.83
120 76.06
140 78.49
160 80.89
180 83.12

88



d‘ 1 1 lﬂ'
A15197 .20 LEAININANNETDAN TLLARYAILIAIN1SNAGDIN 20

a1 (u) i m o iaimage | White pixel %
20 10.64
40 14.1
60 56:33
80 60.01
100 66:45
120 68.06
140 70.56
160 1219
180 76.54




dl 1 1 dl
A15199 N.21 LEAIAITNAINNELDIA MULAAYAI1LIAIN1TNAARMN 21

a1 Gun) v B |mage Binary. image White pixel %

20 4.76

a0 67.62
60 87.35
80 88.66
100 91:63
120 92.11
140 92.25
160 92.9

180 96.14




A9 N.22 LAAIATNAUAL DN TULARLTINIAINITNAADIN 22

a1 Gui) RGB image Binary image White pixel %
20 252
40 54.51
60 7329
80 74.90
100 81.44
120 84.66
140 86.67
160 87.48
180 90.28




ﬂl 1 1 d’
A1319% 1.23 LEAININANET DA LULAREAIIaIN1INAaDIN 23

a1 Qui) RGB image Binary image White pixel %
20 2371
40 25.06
60 67.22
80 74.5Q
100 79196
120 85.70
140 87.08
-
160 : 88.34
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a1 Guad) RGB image Binary image White pixel %
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X = imread("?ﬁlagﬂ.jpg');
“bw = im2bw(x,0.65);
imshow(bw)

[rows columns] = size(bw);

TotalNumberOfPixels = rows * columns;

NumberOfPixelsBlack = sum(sum
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RGB = imread('%agﬂ.jpg');
imshow(RGB)

| = rgb2¢ray(RGB);

figure

imshow(l)
[I,mapl=gray2ind(l,20);imshow(l,map)

[rows columns] = size(l);

totalNumberOfPixe columns;

.......

ot s o o et D

P TEITTEON
POTAS AT

SOUARAINAL
‘A

e

|elsll (s m _4r )

%&0

M=

numberOfPixelsl6 = s
numberOfPixels17 = sum(sum(l==17));

numberOfPixels18 = sum(sum(l==18));

numberOfPixels19 = sum(sum(l==19));

numberOfPixels20 = sum(sum(l==20));

percentPixels1 = [100.0 * numberOfPixels1] /totalNumberOfPixels;
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percentPixels2 = [100.0 * numberOfPixels2] /totalNumberOfPixels;
percentPixels3 = [100.0 * numberOfPixels3] /totalNumberOfPixels;
percentPixelsd = [100.0 * numberOfPixelsd] /totalNumberOfPixels;
percentPixels5 = [100.0 * numberOfPixels5] /totalNumberOfPixels;
percentPixels6 = [100.0 * numberOfPixelsé] /totalNumberOfPixels;
percentPixels7 = [100.0 * numberOfPixels7] /totalNumberOfPixels;
percentPixels8 = [100.0 * numberOfPixels8] /totalNumberOfPixels;
percentPixels9 = [100.0 * numberOfPixels9] /totalNumberOfPixels;
percentPixels10 = [100.0. *nUmberOfPixels10l/totatNumberOfPixels;
percentPixels11 =100°0 * numberOfRixelsl 1] /totalNumberOfPixels;
percentPixels12'= [100:0-* numberOfRixels12] /otalNumberOfPixels;
percentPixels13 = [100.0 * numberofPixels E3/totatNumberOfPixels;
percentPixelsld==-100.0 *;numberOfPixels1d] /ActalNumberOfRixels;
percentPixelst5i = [100.0-% numberOfPixels15] 7totalNumberOfRixels;
percentPixelst6=1100.0 *numberOfPixels16] /totaNurnberOfPixels;
percentPixels17. =1100.0 * numberOfPixels17]/totalNumberOfPixals;
percentPixels18:= [100.07% number@fPixets18] totalNumberOfRixels;
percentPixels19 =1100:0 * numberOfRixels19] /totalNumberQfPixels;
percentRixels20,=.[100.0 * numberofPixets20t/totalNumberOfRixels;
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Development of Automatic Bicycle Washing Machine
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Abstract

An automatic bicyele washing machine was 'designed and fabricated in order'to save water and promote the idea of
environmental frendly technology-The use of bicyale has'béen widely accepted as aunean of transportation which 1s
friendly to the€nyironment and also.endorses-our health in many ways, However maintamning care of the bikes becomes
a challenge/task for the same Coneept as using them. With'the concern-of €XCessive use of water in bicycle wash, an
automatie bicycle washing prachine was developed u§ing materials such asstainlessystee] and alwnipum which are also
less polluted to the environment"The design can cope with bicycles ranging-from small size as 16 inch to full size 26
inch wheel, and different frame patterns such as miountain bike and road bike. In the machine, two washing arms driven
by an glectric motor and equipped with multiple nozzles m ove alongside the hung bicycle, and high pressure water was
sprayed to.clean the bike Two size of Spray angles. 45° and 907 Were tised in-order to determine best angle for dirt
removal. A set of experiniénts was then eartied out, and it hag shewn that the dmount.of water used for the machine
was 60% less i comparizon 1o tvpical manual wash: The significant amount of water saved by the machina can surely
encourage public to realize the excessive use of our natural resources. Also the outeome of this work canbe applied to
other types of vehicle cleaning process.

Fevwordse dutometic Washing, Bievole, Machine

1. Intreduction

For decades, bicycleshave been an mmportant/ mean of transportation in many countries. Even though'in these recent
yearsthe advancement efears and other types of vehicles havemadethe bicyclesdess significant interm of wansportation
performanee, the bicycles fmmerse as the kind of transportation which is Triendly to'the environment. Moreover, cycling
activity also promotes people health:for both exercise and recreationpurposes. Today bicycle transpartation become
popular inmany citles as a greesy transportation inig ¢ities where thew nérmal traffics are overwhelms.

Another major environmental concerndil many big cities s the water sensumption. Agwater resotirces are limited in

most regions of the worldithe human populationibecomes & theeat Tor our sustainable civilization. There are research
and study which dead o the similar conclusion.that in-the near future, human ‘will suffer from climate change and
many regions will experience serious drought. Therefore saving water resources becomes one of the most concerned
environmental problems in today sworkd,
With environmental coneern on both pollution and water resource, a development of bicycle washing machine
was developed in order to promote snenvironmental friendly-technology applied to the environmental friendly
transportation. In similar application sucheas.automatic car washmg industry, there has been studies shown that up to
70% of water consumption can be saved using automatic washing system [1-2]. Also, the automatic washing system
can be conveniently combined with water recycle unit, and more water can be saved,
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2. Prototype Design

Based on a survey and study on various bicycle shapes and sizes, a washing chamber with dimension of 0.96 x 1.91 x
1.80 meters was selected. With this size, the machine can hold a bicycle ranging from the standard 16 to 26 inches wheel
size. The machine was designed to have structure beams made of aluminum for corrosion resistance, and the washing
chamber partitions are made of poly carbonate plastic for light weight property. At the bottom of washing chamber
there is a stainless steel sheet tray used for collecting the waste water and draining it out through a pipe. Figure 1 (a)
and (b) show the design drawing and actual machine respectively. The top part of the machine locates the mechanisms
which are used for driving washing arms. The washing arms were equipped with nozzles received high pressure water
which are supplied by a high pressure pump located at the bottom compartment of the machine. This compartment also
provides space for water tanks and recycling system in order to reuse the waste water.

(b)
Figure 1/ (a) model design of the automatic bicycle washingimachine (b) The prototypemachine

The high pressure water spray was selected as the cleaning method. The principle of this water stream impact can
be effective depending on the liquid mementum which is derived from two parameters, pressure andiflow rate. In Fluid
Mechanies Theory, the average impact of water jet on a surface is proportional fo the flow times.the velocity at the
impact divided by.thesuifate area: Theroforcithé spray cleaning performarnce can beshown as:

R 'Q'ZZ‘ 6!

However the impact veloeity depends oniseveral parameters’but mainly on the initial velocity When the water leaves
the nozzle: And'this initial velocity 15 highly depending on the fluid pressure forced through the'nozzle. In this design,
there were cight nozzles equipped;on) the washing arms, four on each side. The distance between/'nozzles are smaller
near the end of the arm. because it will move passing the.area of bicydle sprocket and chain'which are normally more
dirty than other pasts of the bieycle: With, all-these nozzlefittings and pipe'lengths, the:Total Dynamic Head (TDH)
loss was estimated to be 1.6 meters. and theflow rate produced.by the pump was.0.25 liters per second. This flow rate
of the pump was set at'it maximum, while the veloCity was controlled indircetly by the size©f the spray. However the
cleaning performance:is also depending on the impact angle of the jet strcam. The force impact on an inclined surface
can be seen as:

F = mW1-cosO) 2)

Where angle £ is the impact angle and Pis:the veloeity-at'the impact and m is the mass flow rate which correlates
directly with the volume flow rate [3]. Therefore different angles of nozzle installation were used in this design and
experimentation in order to evaluate the cleaning performance of different nozzle orientations.
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(a) (b)

Figure 2 (a) distinctive scales of dirtiness (b) Simple cleaning test for spray performance evaluation

3. Experiment Setup

To evaluate performance.of the cleaning spry arm, a simple cleaning test.wasisetup using a flat surface as the test
sample. The levels'of dirtiness were.alse_classified by /setting-up four differentiscales as shown in figure 2-(a). By
making some surveys on different passenger car\condition of dirtin€ss and imitating, the level of this dirtiness. The
scales were @stablished by.collecting dict usiag transparet tapes. Eigtire 2-b shows the basic fest of the washing arm by
creating the dirtiness condition on a flat surface of black polypropylenc board. The board was ¢oated with white stain
made of amixture of mud'and powder. Then the washing sprayarm.was operated and adjustedito the design condition.

In‘bieycle cleaning-experimentation setup, there aretwo design parameters; sprayssizes andnozzle angles, which
wete yaried for best washing condition. /The. Spray. sizes were controlled by-adjusting the nozzle orifice, when the
different nozzle.angles were made through the fitting mount . Figure 3-(a): (b) and (c)ishew three difficrent spray sizes,
wide, médium and narrowistream respectively. At'wide anglé, the spray angle'was adjusted to berapproximate 90°. At
medium angle the Spray ' was changed-to 305, and the spray was tunedito have'ansleless.than 10° for theinarrow stream.
These-different. spray angles caused different impact-aréas of the jet and produced different cleaning performances as
stated in equation (1).

(a) (b) (c)
Fig3 (a) wide angle spray -(b) medim/angle spray and (¢) narrowy angle spray

During each testyantamount of 100, grams of wet clay soil was weighted andspasted throughout the bicycle frame
imitating the dirt whichus usually accumulated on the bicyele when using in‘muddy road. Then the bicycle was put on
the machine and the washing processwas activated for 3 minutes. After thewashing process was finished, both amount
of washed away and remaining clay soilwere collected and weighted'to compare with the initial amount. This process
was done repeatedly on different working conditions as described previously. The summary of test result is shown in
Table 1. It represents the different percentages of the remaining dirt in different washing conditions.

Table 1 the summary of bicycle washing test result

Spray sizes 45° Nozzle Angle 90° Nozzle Angle
Wide 22% 21%
Medium 19% 11%

Narrow 36% 17%
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4. Result and Discussion

From the testresult, it can be seen that the 90°nozzle angle was able to perform better than the 45°nozzle. Theoretically
the 45° should give one direction of a stronger impact force from the jet which will be the wash away force for the stain.
However, due to the complicated geometry of the bicycle frame the 45° spray direction does not provide the actual angle
of the impact surface same as the angle of spray itself. This was resulted in some remaining dirt at corners where the
spray angle seems to be less effective. In 90° nozzle angle case, the direction of spray was symmetrical to all directions
especially when comparing to the bicycle frame configuration which often made by round tube. This 90° nozzle angle
therefore seems to be the best direction for the bicycle washing process.

At the same nozzle angle, the medium spray angle gives the best washing performance. The reason behind this was
simple and straight forward. Because the water pressure and flow rate were restricted by the performance of the pump,
the large spray angle give less impact velocity of the sprayrover the larger surface area. In the case of narrow spray
angle, the jet provides strongestimpactforce, but there was only.small area affected by the jet. Therefore the medium
spray angle gives the optimumaesult. It offers a moderate force of the jet'impactiand also covers enough area to remove
most of the dirt in comparison to others, cases. However the'most effective parameters, both nozzle angle and spray
angle, still leaveiabout 11% of the'dirt becausethe\ekperiment was setup by purposelycoating a thick chunk of mud and
dirt on the bieycle frame as showhwn figure 4-(a): After petforming the'machine, the result ¢an be seen in figure 4-(b).
On typical dirty condition of the bicycle, the miachine canwash mostiof the stain with only'25-33 liters of water usage.
This amount is about 60% of typical Water use-when vashing abicycle by regular water host'spraying.

(a) ()
Figure 4 (a) imitating condition of the bicycle before washing, (b)bicycle after the washing process

5. Conclusion

The automatic bicycle washing machin€ was' successfully designed and'built asa prototype maching. Ithas performed
on the experiments and shown its capability\to clean out dirt/'on-bicycle/with a significant less amount of water usage.
Altheugh on.a heavy dirty conditiont small amount of mud and dirt maybe remained, an extension of washing time
shouldbeapplied: This autematic bicycle washing machine canbe used as.a prototy pe forfurtherstudy and development
to save water in setne other types of vehicle washing process.
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