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ABSTRACT

This thesis presents an application of chaotic signals for mixing in biodiesel process in order to
reduce energy consumption. The study conducted in a lab-scale comprises a DC motor for controlling
chaotic mixing patterns using PWM. The proposed scheme is then compared to other conventional
mixing methods. According to the experiment, the chaotic mixing process yields better results provided
promisingly high confidence in the application. This needs future investigation to validate the pilot

study.
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T, YUIANINE ( Tank Diameter)

D, YA 1UNA (Impeller Diameter)
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1. wowes IW¥hnszuanse (DC motor)
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¥ ¥ »
dyaneeanuuuiudaaned  fildnawsiimes lurisdedestiuaaslugis.is uaz

! ar i d o
519 5.15 uamsdnyazmsaouulasnnus wewenes

C3 Freq
990.917mHz
: ; . - Low signal
I - i oo amplitude

C3 Max
7.4V

bbb beded

5.14 Ay U IUUVVALIDANBT 990 mHz
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50 4

ual(sec.)

" = g o o @ o o
317 5.15 msnlasuuannuiEIvewones laodyyNeaILLUUAUILIATNDS 990 mHz

NANINATBY A2UF YR IUBAUINING Chua tarAalum13 199 5.3 Tavgilii 5.6 uaz

5.17 3zua@AeNIHUDINANITNARDY

' i 5 @
ﬂ'li'ldﬁ 5.3 Nf’lﬂ'li‘Ylﬂﬁﬂ\‘}ﬂ'l'iﬂ'JﬁJFpJﬂﬁﬂuﬂﬁﬁﬂ'ﬁﬂﬁﬂgﬁﬁﬂlﬂﬁ?uuﬂﬂ Chua

AYYIUBUNN anudseumae ANUNilA

(rpm.) (cSt.)
Single score 6.5 Hz 190.01 5.379
Double score 6.5 Hz 221.95 5.406
Single score 8.5 Hz 186.11 5.346
Double score 8.5 Hz 214.52 5.330
Single score  14.5 Hz 182.92 5.320
Double score 14.5 Hz 231.91 5.317

AsHANsHI Uy aaaluuuL chua

i 240.00
230.00
220.00 |-
210.00
200.00
190.00 -
180.00 |
170.00

auidaiadu(rpm.)

Chua's Chua's Chua's Chua's Chua's Chua's
single 6.5 single 8.5 single Double Double Double
Hz Hz 145Hz 6.5Hz 8.5 Hz 14.5 Hz

T T
511 5.16 n3min WIS ARAOVDINBABS VINTYYIUDAIULUY chua



MsHANAILN Y aauuu chua
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5.400 -

5.300

A uufla(cSt.)

x

Chua's  Chua's Chua's  Chua's Chua's  Chua's
single 6.5 single 8.5  single Double Double Double
Hz Hz 14,5 Hz 6.5 Hz 8.5Hz 14.5 Hz

507 5.17 nswlanumiiain 1dand

2

MUDDIULUY chua

5.4 dyaueaIUIVUARIAAN
2saddayyuearunuuasaannlFlumsmansududygrueaiuuuuaiaea
o =Y o — 3
swialaolulnsnouInsames wamsnaaoauaailumsian 5.4 laoldm r = 3.60 uaz
3099 efioufuANUIANAIITEHINMSIRAANIZBAIN NAes uazawn Taold
. . £y
ANWE IuNIILANNBINBIA 6 Hz, 8 Hz uaz 14 Hz mudauldm r faesmidmiums

=) @ o dl!
nfSoumounudygudue

5.4.1 A71M0 6 Hz r =3.60
Uit 518 usmsdygnueaduuuuaeiaAnde = 3.60 uwazglil 519 udawms

P o I a
Wasuulannuis1wewsmaINANUD 6 Hz

0.9 -
0.8 1 | |
0.7 4
0.6
0.5 4
044 |
0.3
0.2 1
0.1 |

x[n]

1 6 " 16 A 26 3 3 4 46
n

30 5.18 A ilimesaniadn r = 3.60
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vai(sec.)

" { o o o a oA 1 =
U7 5.19 msnffouelamnumivesnenes laodyauaodaan M r =3.60 AU 6 Hz

5.4.2 A71M0 8 Hz r =3.60
Uit 520 wamsdygueaduuuvaeiafnie r = 3.60 uazglit 521 udAIN

= g o a
uJauumJmmmﬁwmuﬂmammmn 8 Hz

0.9 1
0.8 1 | |
0.7 -
0.6 4
0.5 1
0.4 1
0.3 4
0.2 1
0.1 1

x[n)

A pm.)

vasec.)

1 a o o s a a » H
31 5.21 msnlAvumlasnnuidwesweines Tavdyguasiadn A1 r =3.60 AW 8 Hz
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5.4.3 AU 14 Hz r =3.60
il 522 wansdyemonuuuuaedaAniie # = 3.60 wazgUN 523 WAAINS

& q ] o
l‘l]ﬁU‘Llll‘lJﬁQﬂTmﬁ MWDIUBDINDINAIUD 14 Hz

0.9 4
0.8 1 | | Il J
0.7 4
0.6 4
= 0.5 1 | |
0.4 4 !
0.3 1
0.2 4
0.1 4
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=

dl ar a A 9
317 5.22 dygraeaduasiaanlam r =3.60

anus pm.)
g 8 8 8
e
R

jUn5.23 malasunlannus wesweines laedy uanvaan A1 7 =3.60 AND 14 Hz

5.4.4 AU 6 Hz r =3.999
A 524 uamadnueadunuvasiddnide r = 3.999  uazglil 525 udAns

- d § =
I.‘I.IﬁU‘lJll‘]_lﬁQﬂ?l’]llliUﬁlﬂﬂﬂﬂlﬂﬂgﬁﬂ‘)'ﬂm 6 Hz
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0.9 1
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-
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-
-

517 5.24 Fyanaoaruaodaanidn r =3.999

va(sec.)

sUns.2s msnasundasnnuswewwewmes Tnodyauasiadn A1 » =3.999A2110 6 Hz

5.4.5 A4 8 Hz r =3.999
U 526 uaAsdyamEAIVLARIAANED £ = 3999 uazgUil 5.27 uaAIMs

e g ot =
WasuulaIn U 909N oIRBINAIND 8 Hz
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0.8 4
0.7 4
0.6
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0.4 4
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ar
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5.4.6 ANND 14 Hz r =3.999
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a 4 S a
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vasec.)

1 P < o @ a & i a
517 5.29 msulavulasnnuiveswomes lavdyanuasvadna1 » = 3.999 ANWDH14 Hz

]
=

HANINAADY AIBFRYIUBAMUUABITAD uaAIluII 9N 5.4 Taogii 5.30 uaz gUH

5.31 LAAINIIHUDIHANITNAADY

MTaN 5.4 NansnaavInsnIuauMsuraudodyuaodadn

AR Ty IBUNY anudaseuman ANUAiia

(rpm.) (cSt.)

6 Hz r=3.60 206.57 5.566

8 Hz r=3.60 185.79 5.757

14 Hz r =3.60 160.10 5.852

6 Hz r=3.999 207.90 5.390

8 Hz r = 3.999 199.90 5.594

14 Hz r=3.999 191.98 5.646

AsHANAI g alaaluuLuRaisin

240.00
230,00

m

S

8
|
[

210.00 +——— = ===
200.00 +— it , £y

190.00
180.00 |-
170.00
160.00 -
150.00

A Eaadu(rpm.

Logistic  Logistic Logistic Logistic  Logistic  Logistic
R36 6 R36 8 R36 14 R3.999 6 R3.999 8 R3.999
Hz Hz Hz Hz Hz 14 Hz

1 g 4 o o a a
71/ 5.30 nsmANITARTVYD WA VINTYANWUBAIULDLADIAAN
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nsHANAI L ¥ ataarunuuaaidHin

5.900

5800 i F——— -
5.700

5.600 {——
5.500

auufla(cSt)

5.400 ||

5.300

Logistic  Logistic  Logistic  Logistic  Logistic  Logistic
R36 6 R36 8 R36 14 R3.999 6 R3.999 8 R3.999
Hz Hz Hz Hz Hz 14 Hz
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a

5.5 AU IMIUNIUNDY Pink noise

o o

Fy 1M UNIULUY Pink noise 71F1uMINABINI199IN Noise Generator 1auTums
nanesvzlddynu Noise Mrulsesnsesnwdm laoldaesnsesnnuiduny Sallen
Key filter order 2 [21] A2mAdMea 1 6 Hz uaz 14 Hz muddy Tavnamsnansauansly

AT 5.5

5.5.1 dyRyYIUIUNIY Pink noise cut-off 6 Hz
311 532 uaAsdnyuT VBT IWIUNIU pink noise MIHIUINNINTDINNWDA 6 Hz A

o a o =] o
3195.33 narasanvazmsnlaouin/asnnuis e weines

C3 Freq
-] 4.807692 Hz

i i i i i i i

o

51/ 5.32 AdudyaIUIUN U Pink noise (cut-off 6 Hz)
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5.5.2 @ IWIUNIU Pink noise cut-off 14 Hz

g1l 5.34 uaAsdnYMYOIFYYIUTVAIM pink noise M990 09AUDA1 14 Hz

= @ - g 4
waz31lins.3s uamsdnvazmsnldounlamnuisiveneines

C3 Freq
5.563864 H2
Low signal
amplitude

C3 Max
9.6V

TORCIRTL I JOR IO 0

1U5UNIY Pink noise (cut-off 14 Hz)

2

4 a = o ar
3N 5.35 msaoundasnnus1veuoinos InudQINs VNI Pink noise (cut-off 14 Hz)
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HANSNATDY AT Y IUTUNIY pink noise Hansallumaed 5.5 Taogii 5.36 uag

51/#15.37 uanansmuoINaNITNARDI.

M1519 5.5 HANMINAADINMIAIWAUM I TURAUAITYYIUITUNIU Pink Noise

anuddadum anuigasouman ANUNila
(rpm.) (cSt.)
Noise Cut-off 6 Hz 179.53 5.609
Noise Cut-off 14 Hz 198.43 5411

120.00 —H8

audadu(rpm.)

0.00 e
Noise Cut-off 6Hz

Noise Cut-off 14Hz

" o4 H ¢ o
1]‘?1 5.36 ﬂi’l?lﬂ'l'lilti’.lmﬁﬂﬁlﬂﬂﬂmﬂﬂﬁ INTUNUIMIVUNIU pink noise
3 p

aruuia(cSt)

Noise Cut-off 6Hz

Noise Cut-off 14Hz

a & Ay y o i ;
U7 5.37 nsmianumiiah 1dvIndayg s unau pink noise
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W.A. 2548
798N13 dorvuna hT1g9A7 AEnaaeL

1 PO IEGH fouazTagrinnin hisndn 96.5 EN 14103
(Methyl Ester, % wt.)

2 ATINVMLIULY T QUi 15" Alaniu/gnunAriuas Taidndn 860 ASTM D 1298
(Density at 15°C , kg/m’) WAL

Taiganin 900

3 Aramila u gomgil 40%1 wguAsland isnndn 35 ASTM D 445

(Viscosity at 40 . cSt) uay
Tiganin 5.0

4 AW BANTALTLE isnndn 120 ASTM D 93
(Flash Point, 0C)

5 ATy SounzTaeninnin Taigandn 0.0010 | ASTM D 2622
(Sulphur, %wt.)

6 nananu foriazTaeninnin laiganan 0.30 ASTM D 4530
(Fouaz 10 TBININTMADIINNINGL)
(Carbon Residue , on 10 % distillation residue , ~ %wt.)

7 Annudinu isndn 51 ASTM D 613
(Cetane Number)

8 Wdawmem SounTatnisnin Tigandn 0.02 | ASTMD 874
(Sulfated Ash, %wt.)

9 vh SouaxTatninin Tigandn 0.050 | ASTM D 2709
(Water, Y%wt.)

10 | dnjudewiomn fouazTneninin Tigandn 0.0024 | ASTM D 5452
(Total Contaminate, %wt.)

11 NINANFEULLUNDIUAY bigandn | wanwa 1 | ASTM D 130
(Copper Strip Corrosion)

12 w@igsnmAsnaiaUjiueeniiedu m quuugl Taisndn 6 EN 14112
110 BaAnTadea 2l
(Oxidation Stability at 110°C ,  hours)

(AD -2 -)
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M7 dorimua BATIGIAN Janmasey

13 Ammdlunse  dadAniuussidonlansanlae/niy Taigandn 0.50 | ASTM D 664
(Acid Value , mg KOH/g)

14 AlaloAu ninlaledw/100 i | higandn 120 | EN 14111
(lodine Value , g lodine/100 g)

15 nsadlualinisieana s Fagaslagimin ligandn 120 | EN 14103
(Linolenic Acid Methyl Ester, %wi.)

16 | simwues Fpwaxinginin Tiganin 0.20 | EN 14110
(Methanol, %owt.)

17 | lunfuelss Fosaz lnenimin Tsigandn 080 | EN 14105
(Monoglyceride, %wt.)

18 [anfigelsd fapazlagimin Tiganan 0.20 | EN 14105
(Diglyceride, %wt.)

19 | lasnfelsd Youaxlneninnin Tiigandn 020 | EN 14105
(Triglyceride, Yowl.)

20 nimeTudar Fonazimendnnin Liganan 0.02 | EN14105
(Free glycerin, %wl)

21 NAITBTURIMNA feunxTneniruin Tigandn 025 | EN14105
(Total glycerin, %wt.)

22 | Tanengu 1 (Mmdeuuschlunadon) AsdninAlaniy Ligandn 50 |EN14108 uar
(Group | metals (NatK) mg/kg ) EN 14109
Tanzngu 2 (wAaGunuazunntidon) dadniuilaniy Ligandn 50 | prEN 14538
{Group Il metals (Ca+Mg) mg/kg)

23 | rieaveia fooaslagmin Ligandr | 0.0010 | ASTM D 4951
(Phosphorus, %owt.)

- 3 } v d - G - -

24 ANFANUAY (ON) Wihuldaunlafuanuuiuteuanasum

(Additive)

NIUFININANU

MJQ

winmmug 1/ AnagevaaRaLAM sl wilunsdmidelFud s niua lunoasBuauuuynol
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MANUIN V.

Tuwagnsviluwanlunmsnaass

lunmstaaisnuuiiassmsdansizd lulefwariu  1dvmsesnuuulunadmsums
Humaumuvamasgudmsvaugaamnssy laodenld 3 uuufe

1. Pitched blade turbine
11wy 4y vwaD=T2,W=D/6
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2. Disk style turbine

21upu4luD=T/3,W=D/4

3. Flat blade impeller
3vy 6 luD=T/2,W=D/4

inmsnaasanunaylunuuiaeanym luWauuy Flat blade impeller Tudio 3 14

=

naangadudonldluminanes
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MANUHIN .

Tuaeumsaunselulefsa

' u’ o 3 =) o I
1Lguiiniunhaulviigungil 60 esrnaiiue

- H ° o N {

TR Ty - ‘ ’
Ui a.1 msguwiniuthdu1Tigungii 60 °C

o : ar S A v l o o = °
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MANUHIN 2.

. LY A d
asmsifasudasnnusndyanadunngdaanle)

- g ' a o = 4
asuaaInsildsunlasnus mnmIaouaussden MR Ay s unIUY gAY

i voswowos Wil inssuanss  Yaskawa Model UGFMED  #iflunuvusiaesns

Funsien lulofaa fauanud 1 - 15 Hz

mensa{ipn}

nafsec.}

517 2.1 ANuddUNN | Hz

m — e
450_ ...... - - -
m- =
= 30 1 o
2 200 - - -1
@ 150 4 --nnrrmmemmrmmmmrosesemasemmmeenoeeesosieiateia e
11 S
Eﬂ.. ................................................................
0 -
1 2 3 4 5 6
nan{sec.}

=

57 2.2 AWDBUNN 2 Hz



Aarandaipm.)
i)
o

L !

van|sec.)

514 2.3 AWBBUNN 3 Hz

ek

4

Aasipm.)

FEEFELY

iR
o8 8
—

4

I

|

EEEELE

Aarensrpm.)

g

o8 8

nafsec.)

317 2.5 AwAdUNN 5 Hz
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Arendaipm.)

TELLELE

}

o8 8

naifsec.)

510 2.6 AWDDUNY 6 Hz

}

I

48888

aaadarpm.)

o3 B88EH

naifsec.)

514 2.7 AnudBUNN 7 Hz

na(sec.)

17 2.8 AWADUNM 8 Hz
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500

450
400
-~ 350
E3oﬂ-
25,[)-
2 200 4
E150-
100 +

$p

vasec.)

51 2.9 ANURBUNN 9 Hz

nal(sec.)

31 2.10 AWABUNN 10 Hz

nai(sec.)

=

319 .11 ANUABURN 11 He
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nai(sec.)

10 212 ANUDBUNN 12 Hz

=

319 9.13 AWBBUNN 13 Hz

850 4 m o msee et tsnsi i

na(sec.)

51/ 9.14 AWDBUWN 14 Hz
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100

nai(sec.)

=

510 215 ANUDBUNN 15 Hz
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NMANUIN N.
Minertia Motor F Series B Type
Yaskawa Electric

KAE-C249-30

SMALL SIZE DC SERVOMOTORS

Y. Minertia Motor

wme  F Series B TYPE

Type FB5. 20E 6.2 TO 17.4W ;
Type FB9 '20E 9.9 TO 30.8W

L8964

YASKAWA

7.08 96
- “-W 'oﬁ?




RATINGS A

S T

@ Time Rating:

@ Dielectric Strength!

® Applicable Environment
Applicable Location:
Ambient Temperature:
Humidity:

The values described above are

3500 3500 3500 3500 3500
w1 | 237 300 210 28.1
20 | 190 1.95 2 25
9.9 14.8 19.7 259 308
Continuous # Direction of Rotation:  When (+) current is supplied to the
S00VAC/1 min - red lead it rotates counterclock-
wise viewed from drive end.
Indoor %
—-10 to +40°C
B0% Max.

those with HA type encoder.

With HS type encoder (200, 240 pulses), some values differ since the inertia is larger.
Inertia 200 pulses + 0.11x10°" oz in. sec
240 pulses + 0.24X 10" oz in. sec’

ESPEED-TORQUE CURRENT CHARACTERISTICS

®FBIT20E ®FBIS20E @®FBIE20E @ FBIMZOE ®FBESL20E
Sorea [r/mea) Somaad (/) Speed U /ma) Spend (r/ma)
ool NIE : [
4000, o ¢ 00C| 1
IR E i b 1
3000, 3000) — 3000, - -
' N N
Y 0 i
© v=1, 1 2 T l,
1000 : ) 1000}—— B ' D h y
! . #
NI | N
¥ . | . ! |
Y 5 10 15 20 0 6 @4 3z 5w 30 0 a0 0 20 46 60 80
g Terger (srm) s Tormue odm) L Torgua lar ®) s Torgee et
pr
A Area of sate continuous duty withoul air cooling. Environmental conditions:

B: Area of intermittent duty.

8 Note © Motor mounted on 10 in X 10 in X 1/4 in heat sink.

. Temperature 25°C Humidity 80% max.

Curve data for an armature temp. of 125°C
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WITH HIGH ACCURACY ENCODER “HA” TYPE -© -

200 to 1000 pulses/rev
BDIMENSIONS in inches

ECODER LEADS
awe D 2

sanoen

\
4 TAPRLD 0 31 OFF®
EQUALLY SPACED
O% & PLACES

+5VDC 1 5% 100mA Max.
Square Wave
TTL Compalisle—
360"+ 18° (10%p-p Max.)
180" + 36" (50 +10%)

90" + 40°(25 £ 11%)
50kHz

RED +5vVDC
BLACK ov
WHITE CHANNEL A
GREEN CHANNEL B
SHIELD =

(CCW ROTATION WHEN VIEWED
FROM SHAFT DRIVE END)

NOTE

. The relaton of A and B channels o the molor rotating direction must correctly be sel. il not 50, overtravel may OCCUr.
+ Avoid vibration or shock on the encoder of s output shalt
- Do not perform the insulation test or measure the insulabon rewstance.
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