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Linear Array Antenna Optimization for Maximum Directivity

Using FOA Method
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Abstract

In this research, the fruit fly optimization algorithm (FOA) is proposed to design linear array antenna
in free space. To show the versatility of the present method, the objective of antenna design is to achieve
maximum directivity for linear array antenna by controlling amplitude and spacing parameters of the array
antenna. The result of the FOA is validated by comparing with results obtained using the genetic algorithm
(GA). Finally, the FOA is efficient and accurate for electrically large problems of linear antenna arrays in free

space.

Keywords : Array Antenna, Directivity, Fruit Fly Optimization Algorithm
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Abstract

This paper proposes a memristor emulator circuit based on operational transconductance amplifiers.
This emulator circuit is imitated the behavior of a titanium dioxide memristor model using commercial
available integrated circuit. Thus, the hardware of proposed emulator circuit can be built using common
devices that seek in the market. Also, it can be used in both simulations and experiments which can be
used as a teaching aid and for real circuit applications. PSPICE simulation and experimental results are

given as agree well with theory.

Keywords : memristor emulator, operational transconductance amplifier (OTA), nonlinear device,

electronically tunable differential difference current conveyor (EDDCC)
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Abstract

This paper presents transient stability assessment using adaptive neuro-fuzzy inference system
(ANFIS). It is a hybrid intelligent system. ANFIS is completed with core competency of neural network and
fuzzy logic in order to predict the critical clearing time by using two test systems named New England 39 bus
test system and Western System Coordinating Council 9 bus. From the results, it shows the structure of ANFIS
for these electrical power systems. Prediction results compared with the critical clearing times obtained from
simulations using step-by-step method of Power world program versionl7 are accurate.
Keywords : transient stability, adaptive neuro-fuzzy inference system (ANFIS), critical clearing time,

step-by-step method



14

' '
=

AFA13a1ANTYL T 32 @1Tud 4 §u01AN 2558

1. Unin
Tutlgiiu iiesessunulsuannudens

o w A

v [} Y
11 hamunvy 3919 szuu TWiddativuna

4 2 &

lg a @ o 9 A Yy
TnguutazianuaauFugouMnuyu uaziive 141
[ [ T 4 o o o & =Y
mse legeneiiios suu liihdidesuiludead
DETNINNA
4 4 .
Wemanisiaesuulasnielussuuesns
nunula iy matlarwsveunieuiia i msilaa
1 A a o U Y a =
Ud9 H30INANTaA995 dana liimamsiasunas
o o w 9 ¥ 3 A
YoaugIa Y pszua Maa Wi e nuEwazusatia
A e 4 dada .
voun3 0w nsmeluszuy Fwansznunnayu lueasn
voamsi/asuuilag gnisendn @desnMeIAG (Transient
Stability) Taetgyrrvesmslasunilasneluszuun
A v [
MATUNINN A A INAMIEAIDT FIILAINANTZNUAD
Y| ' A o ~ =
szuu lWhed1egunse e nuuafosmmaeszuy 39
foamdanszuadalnsmelugiwadanszuaingd
v
(Critical Clearing Time,CCT) Hiutiuudnzinamsgaydo
= =KX o g Y o 1 o
@aesnMVeIsEUY el udeniivieadanseua
a a a 7 Y o
Ingd mnnsanlumsiaaesvesgilnsaiileanuluy
sz Wi wietlesnumsanszun i (1]
9
msAnuatesnmvesszu luihlulegiiuiu

o o o a ¢ °
i]Wﬂug]}ﬂﬂ’t']'lﬁﬂﬂ’fmw’Jmﬂi‘]ﬁﬂlﬂiuﬂﬁﬂ?u’\lm Y PRPEATN]]

o v a " 4 @
TWdhirdeiluszouvualugflinsiyenTesiuiin
9 ! v
aa auveunsosnuia luihoud 14 Wi Fems

9
szilwadosnmiu awlng 1¥35msduaiiag
Y v 2
Tunou Tago oM aIe Fdinnugsenniaz duaes
=3 Y av A an a ~ A
na1 39 1dNmIdveen35 lumsdsylwatosmwid

] 1 3 1 @ ] ]

ANNGINT DN NALTIAG NI AI08195U A. W. Noor
. Y an A a J

Iz ISauedtmsnizendn  least squares  support
vectormachine (LS-SVM)[2], H. H. Al Marhoon 1% A
Practical Method Tumsisziiuaianinga[3], A. Karami

181¥ Tnssnedszamifioumlseitivedosnmaang 4]

Ay v o a .
luunanuilldiszuveyuudsding site
YSua'ld (Adaptive Neuro-Fuzzy Inference System) 41
Uszilivmranmdanszuaingd laenseumeunan

9
ant A %

Yo &2 yy
1anuisHazduneu (step by step) F9lau191An3

91894 Transient Stability (TS) 1uT1/51n53 Power world

Versionl7 [5]
2. radgsmwiangvesszuuldih

msnnsanatesnmdangvesszuy Tl

a

o w a Y s 4 °
N1 mmm‘wmsmw“lmnmgﬂimaimauﬂ?mmnuﬂ

it Taelugrantmsnlasuulasmeluszun i yu

Tswmesvznamanasulaslammuna amuaumsi 1
H d?6 b _p o
2 detz ™ e

=

4 A s A { A
LN@Sﬂ@HNTiW]@i, H A 1fdNnaNumey

@

(Inertia  Constant) Y9IAT0INT P ABAIAINAVD
wseevnsuay P, Aetidaniavih Taelenaumsa (1)
Naumsads sazasnuduiussznnaulnneives

4 o a U ' A
insoaruiia Idhnunm gniseni nsmada
A

3 =
naunsidaguulag

waanTlAsuudaamelussuy
- v o & ' ey
s 1 nawlanudunusszninayulswesaenm
4 “ - da A
gl 1 Wunnadvesszuuniinies
o A EY z§ z§ a o dﬁf
it lwih 3 wses lenamsaasasiumeluszun yu
P 4 o a ~ '
Tswosvounsoanuiia I wvmemy 1 waz 2 Tmsunia
4 v ' o Y 1 ~ ~ I
dntesnounauingaini lag Tuvaed yulswesues
& v Y ] v
insoaniia lihvuneay 3 mdyuaunanalasuulas
Tz hindudgainsilan uaasinnsesins 3 gyide
A A =R =& ' R A A o
gFalastazy 39na171 1871 szuvludadesnnndanin
3
maaaraasvumeluszuy TaeiE enmsnuatesmnd e
Y Y
DU MIAIUNAZIUADY (step by step)
Y
MIMUIUNAZTUADY HINITHUIFIIAN
o a3 1 A Y 1 o X 9
Muraeemluye e lideasnisAiuia 39809
Y v
pfoaunAgIuaae 1 1. masluiluse Janeian
& . Loy o A o
Aena1vearIIam i lldinanalsvesdnriaan
% <3 Aa a - 1 '
Wil 2. Anus aFaguiininaiaaoa lunaazauna
INAUMIANUAZ ANVAFIUAING AT
A o A
mmslasuntlasveu Tsmes ldninaumsi )
P _
A8, = AS,_, + %”(At)z )



Ladkrabang Engineering Journal, Vol. 32, No. 3, December 2015 15

] @ a a d
FranadanszuaIngaiiunaigaiolums
fdanszuadaivesneuMinlissuuguideaios
v a & Y o
aunson1dninnsdade Fennugndsauazuiud

Y 2

YBIIBMTHIZAUDGAUMTUUITINIATIUIN N2
Fuarranarnanull dewalinsanldnany
aaratnasu ldainnsivasanldsinavnisaia
TagnlJudamsutiarraarmuiainulanmal 0.1

A a =
139 0.01 UM [6]
3. szuveinuilsiadlaseanelsudla

sruveymUNed Ins910150d 18 (Adaptive

Neuro-Fuzzy Inference system, ANFIS) Aunsils ZEJﬂGi{ 4

szuulasavielszanifioy (Neural Network) #911900

.3

4 ¥ oy 1 A
lusesvesmsiouiua liawnsoosurenanis 1dun
v Aa 9 [ 4 G G
yoamsaaaulald sawnuassnenaainguiasonsovle

= a . &2 o~ va Y
F¥a0In (Fuzzy Logic) Falqaaniialunislivgna

J 1 =

wosuyud ua liamisaSoudldlassn Tuila 5a

q

Do

o

v
@ o a3
wangaumihszuunedes vuduseuudseaunuy
89n302 (hybrid intelligent system,HIS) AA1M13DI50UT
Yy o a 2 A g v
lamedneaazeiinensivesoing Ia Tasszun
=~ ] v ] I T
ayaulad InsainelSuilautsesniludesdiu fe
AIMUV030UIIUNEE (Fuzzy Inference) YDINHTADIN
uazdsmIiouiuununsdoundy (Back Propagation)
voalasevielseaninew [7]
{ I y a
vingif 2 fluszuuiiilaseadie 2 dune
4 J a ] ~ Aad ]
1 191MNA uaazdunauuiuaoINwEmwsa UAN 1 119
I Aaa =1
Wmaaihy 4, uag 4, a0 2 wiuily B, uaz B,
14 = a 7 I =~ o
wigalimsimeilu p, g uay r Tae ingiau L
Y
ng Al
Rulel:IF x,is 4, and x, is B, THEN y, = p x, + qx,* r,
Rule2: IF x, is 4, and x, is B, THEN y, = px, + qx,+r,
RuleL: IF x,is 4, and x, is B, THEN y, = p x, + q,x,+ 1
v Y
TagTnseadradlsenonldne 5 Fudail
Y A & ! ~
¥UN 1: Antecedent Parameters 1) UMSHIANBHIIN

dunalugiln@ (Crip inputx) Wilusmamniluanina

Layer1 Layer2 L

ayer3
@ : \’@—w
: s_..—_f.f /
®
=}
X2

X1

Crip input Antecedent T-norm Normalize
Parameters firing
strength

Consequent

Overall Output
Parameters

51 2 Tnseadeszuvoyinuilad Inswielsuda1a

Aulansuaudluan®n u,. ¥se T
nuAi .uBl'
1 _
0j = pu,(x) 3)
A A ¢ 1 & 1
[SNR3) Ai ADNIUNNNIBULAS Oj L’]J‘LlﬂTﬂ'ﬂll
< a 4 A a 1 J o
!ﬂuﬁiJ'lslfﬂ"UfN‘Wi]uﬂ1H1 Ai NINAITNAT X Tﬂﬁlﬁﬂﬂ%u
3 N J v a A A
ﬂ'ﬂil!‘]_]uﬁiﬂ‘lfﬂ m%ﬁm%mmuﬁmmaan TNAIUAN
o o A A gy
ny gszalinTmSenuuaunla
Y A a g a
FUN 2: T-norm ma%uﬂmmﬂcw (fuzzy rule
I 3’/ o 4 1 = [ aa
base) Lﬂu%umﬂm%ﬂﬂm1ﬁwmnmmaznﬂiﬂﬂﬂm

o 9 A

I @ o
dyaaninnduied Whdrenu wazdemlsdnagu

&

Wudyaaeon
w; = g (1) X pjp(xz) (4
4 < ' 1
1o W, WWum firing strength mﬂm;]gmasﬂi'a
I 1 Aaa §
waz 1L (x,) Wuanla@nniiai i voangvoi |
J
v H v
YUN 3: Normalize firing strength YEREATGR
' H o @ Y o = Y &
a20nnin Wusurihmilasraswnnng Ididlunile
W.
_ j

P = ,J=12..L 5
W] W1+W2+"‘+WL ] ()

9 v
v A

3 &
BUN 4: Consequent Parameters WuTUYD9
LR J Y
output membership mmmmwmm“lﬂmﬂ
4 — = —
0} =wyy; = W;(pjx: +q;x2 +150) (6
¥ A < H o A
FUN 5: Overall Output (T UTUADUMITTIANY
FWuaFu (Defuzzification) 101 1DIANAYDITATIUY
Tagyhmssaudaaiau idyanilann
L
5 _ =T, — o0
0y =w Y—ij)’j 7
j=1
I — —_ = — I ' i
e w'=[w, w,... w1 i usmladicknisue
I
wealadninngde 1 8 L uaz y'=ly, y,...y,] 1ilu
! 4 Y =<
AIUDINNAVBINYUD 1 D3 L [8]-[9]
= Iq9 9 I
FIn15U52gnalFIUTT UV YUY Wy

Tasanedsuarludaudenssy 1dun nsiill e



16

' '
=

AFA13a1ANTYL T 32 @1Tud 4 §u01AN 2558

' o o q o 0%
SAIWAVILVUVUIAADUNBIADS AITNEINTDI 1HAA AT
o 1% 3 9
MUIUATLLAGADT HudY
4. szpUn¥lumsdass
HAq v o Ay
szvunlglunissiasaluunaui 14
A 9 9 o 9
@enldszunmaigiu 2 szuudlenu ldun
X 3
1.52UU New England #aduszuu Inihvina
Y v ¥
na1a Tagdsznoulidqe Taneau 39 e Hin5eq

v !
duda lWihnanue 1018509 Tusugiiduideadagln

U

a s ' R
IﬂﬂﬁWWﬁ’]NW]'ﬂi"U@\i [LREGE ﬂﬁjﬂllﬂa\i 5'3“1/]\1?3115“@%«!

I a
voaszuuiuldaru tenansdreds [10] Taelyluaa
i o a = 4
youazestuiia lWiiilunuuiugiv (Classical Model)
lifimswosamavesdaniuaulan e nszun
g da 4 o 4
New England (Hluszuuniimsiyen Teanuuin uaziije
AUIUTIIAIAANTZUAINGAVDIU AR WU

VTN 26,28 1A 29 UFWNIAAANTZUAINGAA

1
=

Niga Tunanuiiaeldhnuauouuaniss1aoaniy
nsoulugilil 3 Taefimanfdeuvnasids i lusa
262728 1Az 20 1uH2980 % 89120 %  ved
Al udy vazl¥mdnlsyneumdadianai

2. 31U Western System Coordinating Council
(WsCO) Fudhuszun IihiTvnadn Usenoudlera
9 1far 1nTeartuiia Iiih 3 imsee TunugiiduReadal
A4 TaoTimnsiiwesvesanoda neuras saunan
Suduvesszuuiinlaw enasdreds (1] Taeld
Twaavesnsosnuiia i ufununisieazidoa
(Detailed  Model) 19@7@7AIUAUAIWNIATFIU IEEE
Type 1 lumissrasaiimsnldouvinamdaluives
Taaluiiad 5,6 1az 8 1uF29 80 % 59120 % voq
Al udy nazl¥mdnlsyneusmdaiianai
5. HaN1391009

mstraealunaansszun 141nseat19v04
szuueyu U Tslad IassiielSuaa launy Sugeno
ﬁuﬁﬂﬁ 1 (first order - Sugeno) ﬁﬁuw@ﬁa maalih
9 luumaz e Tuveutuanissiaoazdnuans

a o 4 ] @
INANITIANINIT LAY ﬁLi‘JTﬂ‘VW\ﬁB FINUIDTOANT UL

a_ a ° ) He Yy A ' =
INHAN IﬂﬂﬂTH'JUEU@Haﬂclclfﬂ@QLW&QW@@@ﬂWSP\]ﬂﬁﬂu

A A
NUNADH

39

6 1-2 19 f 23
8 [ 7 1 1 e 20 36
N '31-( 10 34 33
9 o} .. :

2 ™ 7 I—»LoadC 2 3 3
!
G2 G3
5 6
'
Load A Load B
4
()
Tl °

G1()

514 4 g iiduRevesssuunadoy WSCC 9 bus
szvveyvIuia lsWadlaseurodSudald uag
A 4 o ] a oy
ATAUAGUAUNNMITI0Y 1HnT2UIUMIFTEUTUDUHAY
Hseumstndou 300 50U (epochs) Tasioyalaninin
59180411 1150051 Power world Jutmagszuvazi
Vo9 a3 =
msutatoyatilu galnaouuazyanadey lu
1] 1 d o 3 a {
831871 80:20 Tasansuanuiuamndanldluns
Taeudunsidonu1nnnszuIuNITAeIAAAIYN
(Trial and error) HAZUNTEVIUMITIA0INNGUN 5
mInasandeaNuansalumMsmmaey
- v ! a a4 v
ansannsan ldnnaanuranaia Tagluniiez 14
AMANUAANAIALUY RMSE (Root Mean Square Error)

y <
ANTUNIIN 8

i=1(0; — Fy)?

RMSE = x100%  (8)

A A oAy Y o F .
o O, A1 ﬂ']‘ﬂ]lﬂ’ﬂ']ﬂﬂ'li’ﬂ'laﬂﬂﬂ'lﬂ Transient

Stability (TS) TuT1/511n53 Power world Version17, F, Ao



Ladkrabang Engineering Journal, Vol. 32, No. 3, December 2015 17

Start

v

< Y A\ Y ad o a :’J
mnuvayan CCT A3gIEN1Ta1a93Nasvunau

v

sty yarlnaeunazyanaaey Ty dnsiaau 80:20

v

° < I ) a
viua WanFunnuiluaansn uaxiﬁuﬂawm

¥

Hnaeunaznaaevlnsaadne ANFIS

v

gufunNifvua

1 gonsld

End

1 o o
31U 5 urunMDGENNITUIUMITIA0
I8anmsinnelagldszuueyanuila® Insaieliuda
18 az n Aeswndeyarnaeunsenadon
luszun New England doya 400 @
a A o w Y| a d‘ @
5 auna Ao maslufhesamiia 26,27,28 uag 29 uag
' v o ' 3 g’.d Qy
AUNUINTONDT TABNAILHUINITANINDTNITU 21
Aunualszneudie n13da199INITa 17,26,27,28,29
A 38 1aTNI5ANNTNANINED 25, S0 LALTS
<3 J o
nlosiFudvesaesznnaia 17-27, 26-27, 26-28, 26-29
d v 3 a
waz 28-29 1denly MansuanuiluauFauuy pimf
. . Ay v
(H-shaped membership function) [12] wad lauaaaly
~
A1519% 1

a A

Tuszuu wsce fidoya 300 il 4 duna Ao
mgaliliesefife seuay 8 nazdumUInTaA9T
TaeT A umiamIsaInaau 27 duialszneudas
mIgaaIRITaN 9 17a LAz MIdATHANLEN 25,50
waz75 1lesFudveImeasEyINd 1-5,1-6,57, 69,

o I a .
7-8 1az 8-9 1@en leWenFuaNuAl BRI trimf

M350 1 AanuiAanaia RMSE Tulaseadienneg

YBIT¥VY New England

1w lvua Training error Test error

U (%RMSE) (%RMSE)
22222 1.39 1.65
22223 1.23 1.60
22224 0.90 1.28
33334 0.38 79.0

5199 2 MAnuAana1a RMSE TuTasaadnadian

VBITEVY WSCC

i Inua Training error Test error
UNA (%RMSE) (%RMSE)
2222 3.94 4.00
3333 3.33 5.31
2227 1.95 1.83
2257 1.51 18.00

input  inputmf rule  outputmf output

Power
bus 26
Power
bus 27

Power
bus 28

Power
bus 29

CCT

Fault
Location

input inputmf rule outputmf output

Power

O
Bus 5 ‘6\

Power Q
Bus 6 -\ 5

-
Power O -
e o .
Bus 8 - - ceT

1t s Taseadreszuvenynuia Talad Tasate
Ysuslgiafigalunsnadeuvesszuy
f. New England 9. WSCC
(Triangular-shaped membership function) [12] waﬁllﬁ'
uaaaluaised 2
910@1519% 1 520U New  England

Taseadrvesszuveyuia s dad Iaseaiolsud



18

' '
=

AFA13a1ANTYL T 32 @1Tud 4 §u01AN 2558

18 AT Tnualududi 1 flu w2 2 2 2 4 G
Tnssafuiildmanviawainvestoyalugailnaen
i1 Tavfidnnuianaiavesyanadeumiiganas
a1sogeusuld 3ena1rladnlaseadadenarn
minzandmsulFlumsmadisada nszuainga
U321 New England TasaziiTassadradagalii sn

910915199 2 TUTZVY Western  System
Coordinating Council (WSCC) Tasearfavesssyy
ouanuiiaTsiled Tasaiiedsuda 18 fifismanTnua
Tugudt 1 ifhun 2 2 2 7 ulassatreii sy
Aanaravestoyaluganaaoudifigauazaiuisn
pousuld 39nan’lai Tassadedsnaruvuizay
dnsuldlumsmariaamdanszuaingdluszuy
wsce TaooziiTassaddaqli su

unaui Idsmuavenivanissiasly
$211 New England 1ieq 6 17a Tasaneduiouse s 1du
Tuvazfiszuy wsce I8imuavouwaimssiaes
WSz Ao 9 Ya nazaneds 6 1du Suih v uaves
M3ANYIIUILUY New England WUMIALEANNTZVL
wsce guhldmseenuuudanyssunavesdumia
M38A2995 AN F DO UGN s Tunaves
w3oasuiia i unuuiisweziBoa dawaldszuy

eyauinIsdad Tas el suda Idinnea cer 18
AaAMaoULINANINIUTZUY New England
6. unayy
msdsgiiuanatesnmdingvesszuy i
Taeldszuvenyanuiled Iaseaelsuaa 1aluunany
4
< ) @ ' o o @
1 unsdiszuuaInanINnIiIuIeA 151149
a a Y Y
nsznaingavesszuyluih Tasanugndesveswans
Y
Wuediuegiuniseenuuulasads19vesz Uy
oyauilad TnsevielSuas lagawanisnei 1a1u
4
unANul @wseiernadanszuaingd e
' dqg YA o 1 Any ana v
anlndiResnumnldnnitiazauaou Tasldiarlu
a = o ' 3 1 as A )
mylszuaadesnmgIngsinEININITNasTURe Y
H 9 v
ualszaulgvimain Ihiudiadiniianswazgani

asauiulil i ldnadymlumsiei 18114

Y ' Y
ao 114 datumsinnen ldimuzdmsums 19
a Id 4 1 o a = [
a1z Il eaduneusiimslssiiwadssninee1a
aziveaas i
Y a
7. 19NA199199049

[1] H. Saadat, Power System Analysis, The McGraw-Hill,
New York, 2010.

[2] A. W.N. Izzri “A New Method of Transient Stability
Assessment in Power Systems Using LS-SVM” 5th
Student Conference on Research and Development,
pp-1-6, Dec., 2007,

[3] H. H. A. Marhoon “A Practical Method for Power
Systems Transient Stability and Security Analysis”
Transmission and Distribution Conference and
Exposition (T&D), pp.1-6., May, 2012

[4] A. Karami and S.Z. Esmaili “Transient stability
assessment of power systems described with detailed
models using neural networks” International Journal of
Electrical Power & Energy Systems, Vol.45.pp. 279-292,
Feb., 2013

[5] online http://www.powerworld.com

[6] C. Hokeyrit, Electrical Power System Analysis, Charan
Sanit Wong Pu publishing, Bangkok, 2007.

[71  P. Meesad, Fuzzy logic and Neural network, King
Mongkut's University of Technology North Bangkok
Publishers, Bangkok, 2010.

[8] J. W. Hines, Fuzzy and Neural Approaches in
Engineering MATLAB Supplement, John Wiley
and Sons, New York, 1997.

[9] J. R. Jang “ANFIS : Adaptive-Network-Based Fuzzy
Inference System,” IEEE Transactions on Systems,
Man, and Cybernetics, Vol. 23, pp.665-685, May/June,
1993.

[10] M.A. Pai, Energy Function Analysis for Power System
Stability, Kluwer Academic Publishers, London, 1989.

[11] S. K. Nallagalva, M. K. Kirarand G. Agnihotri
“Transient Stability Analysis of the IEEE 9-Bus Electric
Power System,” International Journal of Scientific
Engineering and Technology, Vol.1, pp.161-166, July,
2012.

[12] online http://www.mathworks.com/help/fuzzy/anfis.html


http://www.sciencedirect.com/science/journal/01420615
http://www.sciencedirect.com/science/journal/01420615
http://www.powerworld.com/
http://www.springer.com/us/book/9780792390350
http://www.springer.com/us/book/9780792390350

%4 U/ U z
ﬂTi‘WW‘M1ﬂ’Jﬂi’J‘%§ﬂ313Jﬂ1!1j141/‘|14§11!‘1]93“9]95!!1/\'51199]}38]

13 uaariia SU-8

Development of A Gauge Pressure Sensors Based on SU-8

Photoresist Diaphragm
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Abstract

This paper presents a design and fabrication of a gauge pressure sensor by using MEMS
processes. The sensor was developed base on SU-8 photoresist diaphragm. Since SU-8 photoresist is
polymer material which is lower Young’s modulus and manufacturing cost of fabrication than silicon, it
must to be used as a material for polymeric detecting diaphragm in this work. The diaphragm is a circular
shape which is under a strain gauge resistor. The strain gauge resistor made from NiCr (nickel-chromium)
thin film via thermal evaporation, UV lithography, and lift-off process is resistance of 4.404 k€2 on a SU-
8 diaphragm which is with a radius of 500 pm and a thickness of 38 pm. This low cost sensor can measure
gas pressure between 30-180 kPa at 25-60°C. Furthermore, this sensor has sensitivity of 26 mV/kPa,

accuracy £10%, and rise time in 2.3 second.

Keywords : diaphragm, pressure sensor, photolithography, MEMS
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Abstract

This paper aimed to study the bullwhip effects of the decentralized-warehouse system in the
supply chain, and its concerned factors were examined. The supply chain structure consisted of one
manufacturer, two warehouses and two customer groups. The total incoming demand process was
assumed to be the first order autoregressive [AR(1)] model. Each of the warehouses would calculate the
order quantities received by the manufacturer with the moving average forecasting technique and the
order-up-to inventory policy. The researchers simulated the model and found that the parameter of market
share did not affect the bullwhip effect. In addition, the bullwhip effects in the system always existed,
because the values of bullwhip effects were always greater than one, except when the parameter (@) of
AR(1) was equal to one or negative one.

Keywords : Supply Chain, Bullwhip Effect, Decentralized-Warehouse System, Market Share
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N MNnormatdir)]  AR(1) () demand customer 1 (d,.) foreasting (1) order quantty 1 (Gs...) foreasting (2) (Qupze) Gant
19 H : 3 H H 3 H H H H
w11 -1.11 4881.18 976.24 898.94 995.86 3904.95 3595.77 3983.44 4979.30
12 -0.23 4954,71 990,94 929.14 1006.44 3963.77 3716.57 4025.75 5032.19
13 0.59 5014.36 1002.87 953.24 1015.04 4011.49 3812.96 4060.16 5075.19
- : H H H H H H H H :
w359 | 086 | 5249.16 | 1049.83 | 1os028 | 1049.89 | 4199.33 | 420111 | 419956 | 5249.45
s 360 | 338 | 5245.95 | 1049.19 | 15017 1049.73 | 4196.76 | 420069 | 419802 | 524865

51 2 AredemstiaesszuuAGIAURMUUNTZIBNTINIA t1AZ P - 5




Ladkrabang Engineering Journal, Vol. 32, No. 3, December 2015 29

'
=2 a

#3118 1491 1wea a asuulaslawunu x M

yadelialdnvazlasuuilasliyininnse

u

s Y A Y
ﬂﬂ‘u"’lﬂ\ﬂﬂmﬂﬂ\iﬂu

aa

HAMINATDUNNADAAIIITUN UL FUDADN
4

auysal (Completely Randomized Design in Block,
U U = A o J

CRDB) W11 A1 P-value = 0.233 F9umsgudun a

liifinansgnuaen BWy,,

2) wansznuveatfade @ ne BWy,,

91NN199180952 VU TggUniudanai

¢ a a X 4 '

Usingmaaiyaiteriiavzifatiudue e |@]<1

o I~ U < o Y a

N1 p wag o azdlumlanau maizaziliaiyady

viaunn 1 aue

'
a

{1 I o ' o {
Tunsaifian p iWudoug mamadninlalugli

e

1 A o <3 ' o o
4a) A1 BWgy, velidnuaziiluglwisluandedsi
L X, g A 4 2
BW,, d2tiuiuaoud1992152 1o @ tinauein -1 1y

1 1 9
WD @ Anaia 1Ml vaeeIniual BWy,, 12a0eq
anas e @ 191g 1 92 18A1 BWgy, 191 1
ad o o 4 4 :

Tunstinal p usmaud 91037 4b) A1 BWyyy

' oy A A 2 =
1ADEY 8AAIBENTY 1o @ tiuaiun -1 Tilauda 1

9 H ] i

aaiu A p ades iea @ nlasulyl A1 BWyy,

U d‘ 1 U d' a1 Yy o
vroou lvanazildsunilasienii p fiswnng §ise
Iidodunaa 7 p Anfos A1 @ azdananon’ BWyy,
< Il
SIREANTRE

2 A ¥ A o =
uen1nil 1ilen1 p u1ng Neiludiuaunuay
9 Y

$uaug aa p=6 5o 7 au'l)  az'ldA BWg,
' 9 P A = < 9 A
Apud19naN viotldasundauanidos 1ilo @
asundadldawgig-1 891 wazip wng M

BWj,, dziianuasnuaemsilasuuilasvesa @

BW

28 - a) Effect of phi on Bullwhip Effect when p(d1)=p(d2)=p
26

——p=2
—&—p=4
—0—p=6

-+--p=8
—*-p=10

phi

-1 09080706050403020]0010203040306070809l
v

51 4(a) nsianudiutveaTade @ do BWy,, il

Pa, = Pa, = p Hudmaug

BW

—&p=3
—*=p=5

28 b) Effect of phi on Bullwhip Effect when p(d)=p(d2)=p

phi

-1 0908070605040302010010203040506070809l
v

51 4(b) nsmlanudiusveaileds @ ae BWy,, 1l
Pd, =Pd, =P Slusaud
3) wansznuvesifade p ne BWy,,
i ' T 4
1IN 5(a) uaz 5(b) WV Lo p NVTUIIN
o ' A o I
doolduin vzi11¥a1 BWy,, tdnbuzanauiu
o 3 o = Yy A o q.¥
AnUZIONS Inuwdea uazganion p u1ng a1 1d
' A 9 ' A &
ayadieviaanasuazgritmimnenaInig
§ 1 i a 1 I
1IN 5(2) neraan1 BWg,, tionarsana @ i
au a1 p Howq A1 BWyy, veiimsulasunilamse
AIALAIININ
a ' 4 a ' <
9N 5(b) naaen1 BWg,, thoiarsanar @ i

190 A1 BWgy, a¢iimsn/asunlasseniaunialaiuin
BW

26

a) Effect of period (p) on Bullwhip Effect

~—phi=-0.2

-@-phi= -0.5

2 3 4 5 6 7 8 9 10 11 12

51 5(a) nsanuduRuTveatlade p Ao BWy,,

4 3 '
iWie @ Wuaay
BW

b) Effect of period (p) on Bullwhip Effect

—0-phi=0.2

-A-phi=0.5

=% phi=0.8

51 5(b) nslanudiusvealeds p ae BWy,,

dio @ Fuduan



30

' '
al

AFA13a1ANT2Ta T 32 211U 4 FuanAN 2558

Y o A

a < 1 a
Jodunaiuanaziiud yadtevilavesszuy
adedumuuunszneliawnnuszun TegUniuedia
' v X Yo 1 o A 2 Yy (a
118 (Usgnoualoniladindaingauuas niladalan)
nansfouiioudredsningainandiamaniuive
Y94 Chen et al. [3] Aquaadlumsnd 1 uazainms
NAADUNNADARIGID Paired t-test WU 1A P-value
2 @ 1 a I
= 0.625 Fudumssudunayaiteviiavessz oy Ts
guUmunsaewuy liuanaenu
@3N 1 dre819msfseuneuaiyadtiewia
FENINIZVUATITUA MV VNTZOAUTT Y a9 n1u

v
9619410 Taeld p imdunsaesszyy

FTUUARIAUNIDY szuuTeginmu
A52919 0619419

(MNMITNADITTUL) (Chen et al. [3])
p=1p=2 1.000 1.000
p=09p=4 1.256 1.269
$=05.p=6 1.359 1.360
$=03,p=8 1.300 1.299
p=-1p=2 1.000 1.000
p=-09p=4 1.253 1.247
p=-05p=6 1.401 1.396
p=-03,p=8 1.276 1.283

7. a3lwamsIde
niminaueluiidendiuu annsaagy 1dlade
Wdwwansznuaeayaitherva 1dun wisilimesvea
AUV IMNGINTATY (@) azsranarlunsnensal
v o 4 4 4 -
ANUABINTUUUDURAUAADUN Py, (1150 P)
a1 a lifinaneniyadievhila o vuald
Pd1= Pz Femsnguganssuvesayaitieviald
1 4 '
910317 2 wenaniidaiwunia p desaryaithoniva
= Y A VoA
aluu TiuAgan e p 110
vnmanfseunesuaiyaiteriasenineszuy

v A

ATIFURWVUNTZIWUALTZVUNDUNIE (Milafiada
v a X Yy & ' v . v A
agau niladalan uaznilangugnan) aruteu'ly
v Aa Y o ' ' ) A '
FTVVAIAAIAUMAINGT danaTraryadiewiaiin
1 1 @ ao & FJ P ' v a 9
Tiuanareny Tuamdsetiniuldiimud szuoadedud

R A oA Y ' 4 =< A
HUUNTSY GﬁﬂﬂﬂaﬂﬁuﬂWﬂg 2 Y HUHUEDIUNIT

v I a ' 1 ~

Sanuaudeg 2 ure uaziimsnensainaudenis 2
2

asaaesInal Ifwanyaidiewa laiuanaiany

ayaderlaszuunuude Faliaaeduieg 1 una

% Z 4
uazﬁmswmmmmmﬁ}mmi 1 ATINDYINLIAN

8. 19NE1501904

[1] H. Lee, P. Padmanabhan and S. Whang, “Information
Distortion in a Supply Chain: The Bullwhip Effect,”
Management Science, Vol.43, No.4, pp.546-558,
April, 1997.

[2] F. Chen, J.K. Ryan, and D. Simchi-Levi, “The Impact
of Exponential Smoothing Forecasts on the Bullwhip
Effect,” Naval Research Logistics, Vol.47, No.4,

pp-269-286, June, 2000.

—
(O8]
—

F. Chen, Z. Drezner, J.K. Ryan, and D. Simchi-Levi,
“Quantify The Bullwhip Effect in a Simple Supply
Chain: The Impact of Forecasting, Lead Times, and
Information,” Management Science, Vol.46, No.3,

pp-436-443, March, 2000.

=

H.T. Luong, “Measure of Bullwhip in Supply Chains
with Autoregressive Demand Process,” European
Journal of Operation Research, Vol.180, No.3, pp.
1086-1097, August, 2007.

[5] K. Sirikasemsuk, “Impact of Correlation Coefficient
between Two Market Demands on Bullwhip Effect
with AR(1) Models in Supply Chain,” Proceedings of
The 7th International Conference on Information
Management, Innovation Management and Industrial
Engineering, (ICII 2014), Vol.2, pp.313-318, October
25-26,2014.

[6] K. Sirikasemsuk and H.T. Luong, “Measure of
Bullwhip Effect a Dual Sourcing Model,”

International Journal Operational Research, Vol.20,

No.4, pp. 396-426, 2014.



a d d vV Y
ﬂ1§’3£ﬂ31$1’iﬂﬂﬂ§$jﬂ‘ﬂuﬂ?)W‘L!‘Y(!‘L!
Y Y Y g’ %
G!umsaﬂammummuummﬂﬁzmﬂ"lm

Benefits-Costs Analysis for Oil Pipelines in Thailand
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Abstract

This research presents the economic worthiness analysis for the oil-pipeline-construction project in the
north and the northeast of Thailand. The northern route traverses through Saraburi, Kampangphet, and
Lampang, while, the norhteastern moves onward from Saraburi to Nakhonratchasima and Khonkaen.
Research methodologies start with forecasting oil demand and volume throughput. Then, project
investment and operating costs and relevant benefits are evaluated. These benefits are revenue from
pipeline services, and, reduction of relating accidents, pollution, oil usage in transportation, and
transportation cost. The project IRR for each route are 10.53% and 12.86% respectively. In addition, the
benefits-cost ratio, using a discount rate of 10%, of the northern route is 1.05 and 1.28 for the
northeastern.

Keywords : Benefit cost analysis, internal rate of return, Oil Pipeline
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Demand Forecast 2561 2565 2570 2575 2580 2585 2590
MAiie
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Demand Forecast 2561 2565 2570 2575 2580 2585 2590
MAie
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Abstract

This research present the production cost analysis of part of prostheses. In this study, the
prostheses can be divided into 12 different parts. Each part has different production process so the
calculating production cost by traditional system is unclear. This result make the entrepreneur can’t find
cost reduction solutions. Thus the researcher decides to use Activity-Based Cost System (ABC) analyzing
production cost to determine the factors that contribute to the cost of production of each part. To use the
information to make decisions to improve manufacturing process for reducing production cost. The study
found that the first and the second part of prostheses has the production cost more than other parts. When
the researcher return to find the cause of cost, found that it is because of the long-time turning activity. So
if the production process of the first and the second part of prostheses is improved, the production cost

will be reduced.

Keywords : Activity-Based Cost System
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Abstract

This paper aims to categorize risk factors in healthcare business supply chain. The study
commenced with searching articles related to supply chain risk and healthcare. It discovered 36
literatures published in international refereed journals then employed Pareto technique to determine 13
risk issues and 5 risk dimensions. In order to categorize all risk factors based on Thai practitioners in
hospital supply management perception, the Q-Sort method was employed to reveal such
determination. The results indicate useful group of risk dimensions and risk factors which can be very
beneficial for practitioners to support their risk identification activities.

Keywords : supply chain, risk factors and healthcare
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Abstract

The stirred tank is a general device in mixing processes. The aim of this work is to
investigate the effect of disc radius and blade height on mixing performance by using CFD
technique. The preliminary simulated results were validated by comparing with experimental
data. The simulated results revealed that the shortest mixing time, which is depended on impeller
geometry, average velocities, and ratio of k/e, and minimum power can be achieved by 1b-disc3/4
(10.72 seconds) and 1b-discl (0.4892 watts), respectively. In order to investigate the correct
optimal stirred tank, the mixing energy was conducted because the mixing time and power are
combined into single parameter. In view of mixing energy, the optimal stirred tank was

1b-disc3/4 because of its lowest energy.

Keywords: CFD, Unbaffled Tank, disc radius, blade height

1. Introduction

Stirred tanks are commonly used in
various chemical and process industries, such
as liquid-liquid contactors, particle and droplet
suspensions, polymer reactors, etc. Generally,
the different types of baffle are adopted to
achieve the well mixing. However, vessels
without baffles are also used in many
applications, such as crystallization, precipita-
tion, solid-liquid mass transfer, solid suspen-
sion, in the food and dairy, etc.

Nowadays, the computational fluid
dynamics (CFD) simulation has been widely
applied in many applications. For mixing tank
simulations, the results, e.g. velocity profile,
power number, etc.,, are validated by
comparing with the data obtained by laser
doppler velocimetry (LDV) or particle image
velocimetry (PIV)[1] to confirm the model.

Ochieng et al. [2] presented the effect
of the impeller clearance on the velocity field
and mixing. It has been shown that the
Rushton turbine with low impeller clearance
generates a flow field that evolves from the
typical two loops to a single loop flow pattern
similar to an axial impeller. This single loop
flow pattern was increased axial flow and
decreased mixing time at a constant power
number.

Ameur et al. [3] investigated the effect
of the curvature blade. The simulated results
showed that the eddy is found to decrease with

increasing the curvature blade. In order to
reduce the mixing power, it is recommended to
use a curved blade but the excessive increase in
the blade curvature can reduce the cavern size.
Therefore a very deep hollow blade is not
required due to the blockage of fluid flow by
the curved blade.

Alcamo et al.[4] used Large Eddy
Simulation of turbulent flow in an unbaffled
stirred tank covered by a lid and validated with
the experimental data on the flow field of
Vella et al.[5]. The results of the radial profiles
of the tangential velocity of the experiment and
LES were in excellent agreement.

Akavipat. [6] presented the effect of
numbers of blade orifice on mixing
performance. The simulated results of full tank
and 1/6 tank were identical. The calculation
time of 1/6 tank was lower than full tank
simulation.

This research investigates the effect of
disc radius and blade height on mixing
performance by using ANSYS FLUENT®CFD
software. The multiple reference frame (MRF)
impeller model and Renormalization group
k-epsilon (RNGKE) model were used to
compute the turbulent field and mixing time.

2. Governing equations

The simulation was distinguished into
two parts. First, the three-dimensional steady
flow with constant kinematic viscosity was
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simulated to obtain the velocity field. The
turbulence was simulated by RNGKE. Then,
the three-dimensional unsteady flow was com-
puted to achieve the tracer concentration dis-
tribution by using species transport equation.

The general form of Reynolds average
equations for mass, momentum, Kk-transport,
e-transport, and species transport equations can
be written in the following compact form as
shown in Eq. (1).

dpg) , dlpUp) _ o {r o

at ox ° %,

| o }+S¢, 1)

where ¢ is a universal dependent variable, u
is mean velocity vector, I, is the diffusivity,
and S, is the source term. The details of
variable for these equations are given in Table
1. Further, the model constants of RNGKE are
given in Table 2.

3. Numerical method

The geometry of the investigated six-
blade Rushton turbine with unbaffled tank
covered by a lid is shown in Fig 1.The flat lid
was employed to prevent central vortex forma-
tion. The tank diameter (T)was 0.19 m, the

and 0.001 Pa-s, respectively. The properties of
water and tracer were identical. The rotating
speed of the impeller (N) was 200 rpm [4]. The
wall boundary condition was no-slip.

I

Fig 1. Geometry of the investigated tank

Table 2 Model constants for RNGKE model

Cle CZe Cp
1.42 1.68 0.0845

Table 3 The standard geometry of the tank

HT DT C/T aD b/D dD
1 12 13 14 15 34

Table 4 Simulation tests

rotating shaft diameter was 0.0173 m, and the 4D Blade height (b)
other details are given in Table 3.The disc 1b 2b
diameter and blade height for this study are 5/8 1b-disc5/8 2b-disc5/8
summarized in Table 4. In this research, the 3/4 1b-disc3/4% 2b-disc3/4
model of 1/6 tanks and their grid generations 7/8 1b-disc7/8 2b-disc7/8
were done by using GAMBIT® [6]. 1 1b-discl ob-discl
The fluid is a pure water. The density 3
o Standard tank
and dynamic viscosity of water were 1,000 kg/m’ andardtan
Table 1 The details of variables for governing equations
Equation o r, S,
Continuity equation 1 0
Momentum equation u op + 0 U ou, +S
U S IR _
a H x o ox | ox M
k-transport equation k a(U+Hy) Gy+Gptpe-Yy+Si
2
e-transport equation € o(MHL)  C, E(Gk +C,G,)-C,, p% ~R_+8,
. . 8J,
Species transport equation Yi - -—+R +S

OXi
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Governing equations were solved
numerically by using ANSYS FLUENT®. The
turbulence model is RNGKE. The impeller
rotation was modelled by using the MRF
impeller model. The  pressure-velocity
coupling of this simulation was SIMPLEC
algorithm. The spatial discretization of
gradient and pressure were Green-Gauss cell
based and body force weighted, respectively.
The second order upwind scheme was applied
to calculate momentum, turbulence Kkinetic
energy and turbulence dissipation rate.

4. Results and discussions

4.1 Model validation

The 1/6 standard tank with 697,449
hexahedral cells was validated by comparing
with the experiment [5]. This used grid
generation, which obtained by two times wall
boundary adaption and two times moving zone
adaption, was grid independent solutions.

Moving zone Wall boundary

adaption \ adaption
‘/
e
z/T=0211
VA z/T=0.105

Y X
Fig. 2 Grid generation of validated model

The simulated tangential velocity
profiles along the radial position for two
different height were validated by comparing
with the experimental data [5].The normalized
tangential velocity was defined as the ratio of
tangential velocity to tip velocity. Further, the
normalized radial position was a ratio of radial
position to tank radius. The simulated normalize
tangential velocity profiles for z/T of 0.105
and 0.211 shown in Fig. 3.

In Fig. 3, at r/R< 0.5, the normalized
tangential velocity profiles for two different
z/T are found to increase with increasing r/R.

08
S
S 06 f o2,
£2 4 %
-804 9 \
N J
'c_; > 02 L 8 \
S ' ' d
S
Z O 1 1 1 1

0 02 04 06 0.8 1

r'R
(a) z/T = 0.105

08
3
S 06 f "%
? > 7/ '.‘ .
c 2 ° [ I
5804 r o L RN
O —= . .
22 ° \
g 02 ryg
5 .
Z O 1 1 1 1

0 02 04 06 08 1
r/R
(b) 2/T=0.211
Fig. 3 Radial profiles of tangential velocity at
different heights: ® Experiment;= - = CFD

Then, the normalized tangential velocity
profiles are decreased with increase in r/R.
Further, the predicted results are slightly
different as compared to the experiment.
Hence, it can be concluded that the simulation
results were in good agreement with
experiment. In other words, this model can be
predicted the mixing tank agitated by Rushton
turbine.

Hence, the simulation setup of 7 other
stirred tanks as depicted in Table 4 were
similar to the validation case setup. In this
study, the mixing time and power were
employed to investigate the optimal mixing
tank.

4.2Mixing time

In this part, the unsteady state of
species transport equation was adopted to
obtain the tracer concentration profiles. The
tracer was injected at 5 mm above the center
of the bottom tank. The tracer concentration
profiles were measured at 6 different probe
locations as shown in Table 5. The con-
centration profile was reported in dimension-
less form, which can be defined as the ratio of
the local tracer concentration to well mixed
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concentration. The mixing time can be obtain
from the time which concentration at any point
in the tank has reached 95% as shown in
Eqg. (2).The normalized tracer concentration of
standard tank (1b-disc3/4) is shown in Fig. 4.
c—c
c

tyg, = time for <0.05

)

Table 5 Locations of 6 probes

Probe 1 2 3 4 5 6

X 20 20 20 80 80 90
y 0 0 0 30 30 0
z 180 95 10 180 10 95
=% Unit in mm
1.5
g .E 1.2
NS 0.9
g 1=
<th § 0.6
©03
0.0
0 4 8 12 16
Time, [s]
Fig. 4Normalized concentration of standard
tank: — Probe 1; - Probe 2;

Probe 3; —-— Probe 4,
——Probe 5; -~ Probe 6

In Fig. 4, the normalized concentration
of standard tank for 6 different probes are
different. Probe 6 and probe 3 show the
shortest and longest mixing times, respectively.
According to these results, the longest mixing

time obtained by probe 3 was employed
to indicate the mixing time of the tank.
Further, the normalized concentration profiles
of probe 3 were also used to examine the
mixing time for other tanks. The mixing time
for 8 tanks can be summarized as shown in
Table 6.

In Table 6, for 1b tanks, the 1b-disc3/4
tank provides the shortest mixing time
followed by 1b-discl tank, 1b-disc5/8 tank,
and 1b-disc7/8 tank, respectively. These
simulated results revealed that the mixing time
of these tanks show no predictable tendency as
the disc radius is increased. For 2b tanks, the
shortest mixing time is occurred in 2b-disc5/8
tank followed by 2b-disc3/4 tank, 2b-disc7/8
tank, and 2b-discl tank, respectively. These
results showed that the mixing time is
increased with increasing the disc radius.

In order to elucidate the difference in
mixing time, the average radial velocity (Vadia)
and average axial velocity (Vaxa) in moving
zone were conducted as shown in Table 6.
From Table 6, for 1b tanks, the highest
average axial and average radial velocities are
occurred in the 1b-disc3/4 tank follow by 1b-
disc5/8 tank, 1b-disc7/8 tank, and 1b-discl tank,
respectively. According to these results, as the
disc radius is increased, the average velocities of
these 1b tanks represent no predictable
tendency, which is similar to the mixing time. In
contrast, for 2b tanks, these average velocities
are found to decrease with increasing the disc
radius. According to these results, it can be
seen that the mixing time of these 2b tanks are
depended on the average radial and axial
velocities, that is, the higher average velocities
yield the shorter mixing time.

Table 6The simulated mixing time, average velocities, and turbulent quantities of 8 different tanks

Average velocities in

Tank Mixing moving zone _Zk ) L5 kle
time (s) VRadial V Axial (10°m?s%) (107 m/s’) (s)
(10°m/s) (10°m/s)

1b-disc5/8 11.29 9.606 -0.754 1.116 9.227 0.121
1b-disc3/4 10.72 9.633 -0.833 1.128 9.225 0.122
1b-disc7/8 11.50 9.521 -0.385 1.098 9.064 0.121
1b-discl 11.25 9.167 -0.008 1.049 8.948 0.117
2b-disc5/8 10.84 5.889 -3.679 1.489 11.210 0.133
2b-disc3/4 10.90 5.847 -1.362 1.453 10.987 0.132
2b-disc7/8 11.05 5.844 -1.060 1.428 10.845 0.132
2b-discl 11.57 5.784 -0.932 1.409 10.769 0.131
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Moreover, for 1b tanks, only average
radial and axial velocities were not sufficient
to describe the irregular tendency of the
mixing time. Hence, the turbulence quantities
were also adopted to indicate this irregular
tendency of the mixing time. In this work, the
turbulence quantities were defined as a ratio of
turbulent kinetic energy (k) to its dissipation
rate (). This ratio represents the mixing ability
due to small turbulence scale. Further, this
ratio can be interpreted as the efficiency of
turbulent kinetic energy usability. If the
turbulent kinetic energy in two tanks are
identical, the tank with the higher value of
turbulent dissipation rate yields the shorter
mixing time because the trans-formation of
large turbulence scale to small scale is faster
than another tank. Hence, the smaller value of
k/e provides the shorter mixing time. This ratio
of 8 different tanks are shown in Table 6.

From Table 6, for 1b tanks, it can be
seen that the 1b-discl tank illustrates the
lowest value of k/e. Moreover, the value of k/e
of 1b-disc5/8 and 1b-disc7/8 tanks are
identical. The highest value of k/e is occurred
in the 1-disc3/4 tank. The lowest value of k/e
in 1b-discl can be reduced the mixing time
while the average axial and radial velocities
show the lowest value because the
transformation of turbulence scale is faster
than other tanks. However, the mixing time of
1b-disc3/4 is the minimum because of the
highest values of average axial and radial
velocities. According to these results, it can be
implied that the mixing time of 1b tank is not
only depended on average velocities but also
the ratio of k/e. In contrast, for 2b tanks, the
values of k/e for 4 different tanks are slightly
different. Thus, it can be concluded that the
mixing times of 2b tanks are only depended on
average velocities.

However, only mixing time is not
sufficient to indicate the optimal stirred tank.
Thus, the power and energy should be
integrated to consider the optimal mixing tank.

4.3Power and energy

In order to obtain the required power,
the predicted torque was conducted. The
predicted power (P) can be calculated by using
the relation as shown in Eq. (3). Moreover, the
energy, which is used to obtain the mixing in
the tank, is determined by using Eq. (4).

P=tx2zxN (3)

Energy = Power x Mixing time 4

where P is power (watt), 7 is torque (N-m), z is
radian, N is impeller speed (rps), and unit of
energy is N-m (J).The predicted power and
energy of 8 tanks are shown in Table 9.

In Table 9, it can be seen that the
1b-discl and 2b-discl tanks show the
minimum predicted power for the blade height
of 1b and 2b, respectively. The maximum
power for the blade height of 1b and 2b are 1b-
disc5/8
and 2b-disc5/8, respectively. The minimum
predicted power obtained by 1b-discl tank is
due to the smallest wake region behind the
blade. Generally, the wake region is resulted in
the pressure drag, that is, the smaller wake
region yields smaller pressure drag. Hence, the
smaller pressure drag leads to smaller power.
For power viewpoint, the optimal stirred tank
should be 1b-discl tank.

Table 9 Power and Energy of simulation tests

Power Energy

(Watts) (N-m)
1b-disc5/8 0.5023 5.6720
1b-disc3/4 0.5006 5.3668
1b-disc7/8 0.4943 5.6860
1b-discl 0.4892 5.5040
2b-disc5/8 0.5960 6.4630
2b-disc3/4 0.5869 6.3950
2b-disc7/8 0.5770 6.3772
2b-discl 0.5735 6.6369

When mixing time in Table 6 and
power in Table 9 are viewed together, the
shortest mixing time and minimum power are
1b-disc3/4 and 1b-discl tanks, respectively. In
order to investigate the correct optimal stirred
tank, the mixing energy should be conducted.
Because the mixing time and power are
combine into a single parameter. In other
words, the mixing energy represents the mixing
time and power at once. The energy for 8
different tanks are also represented in Table 9.

In Table 9, it can be seen that the
minimum energy can be obtained by
1b-disc3/4 tank. This minimum energy was
due to the minimum mixing time.

According to these results, it can be
concluded that the 1b-disc3/4 was the optimal
stirred tank in this study. Moreover, the suitable
parameter which indicates the optimal mixing
tank was the energy.
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5.Conclusion 6.2 Greek Symbols
In this work, the effect of disc radius € Dissipation rate of turbulent kinetic

and blade height on mixing performance were
investigated by using FLUENT®. The MRF
with RNGKE model were used to compute the
turbulent field and mixing time in 1/6 tank. The
predicted results were validated by comparing
with experiment [5]. The preliminary results
were in good agreement with experimental data.

In this study, the simulated results
revealed that the mixing time is depended on
impeller geometry, average axial velocity,
average radial velocity, and the ratio of k/e.

The optimal stirred tank was
considered by using energy. The simulated
results showed that the 1b-disc3/4 exhibits the
smallest energy as compared to the other
tanks.

According to these results, it can be
concluded that the optimal stirred tank was
1b-disc3/4 because of its lowest energy.
Further, the energy was an important
parameter to indicate the optimal mixing tank
because the mixing time and power were
considered together.

6. Nomenclature

6.1 Alphabetical Symbols
Gp The generation of turbulence due to

buoyancy

Gy The production of turbulence kinetic
energy

A Diffusion flux of species i

k Turbulent kinetic energy, m?-s™

D Mean pressure, Pa

R Net rate of production of species i by
chemical reaction

S Species source term

Sk Turbulent kinetic energy source term

Sm Momentum source term

S: Dissipation rate of turbulent kinetic
energy source term

S, Source term

Yi Mass fraction of species i

\Y Dilatation dissipation term

Concentration, mol-L™*

Fully mixed concentration, mol-L™
Mean velocity vector, m-s™

Power, watt

Impeller speed, rps

Z U c| oo

energy, m*.s*
V1 Fluid Viscosity, Pa-s

e Turbulent viscosity, Pa-s

p Fluid density, kg-m™

T Stress tensor, N-m

oy, 0. Inverse effective Prandtl number for k
and ¢

¢ Universal dependent variable

I, Diffusivity

T Radian
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Abstract

This research studied the effect of the soaking time of recycle aluminium alloy and the NaOH
concentration on surface roughness, weight loss of specimen and color adhesion-pull-off test on recycle
aluminium alloy surface to sand mold casting. The testing conditions were soaking time in the range of 1-
24 hours and NaOH concentration in the range of 0.75-1.25 molars. The results were compared to the
specimen that was not immersed in NaOH. It was found that the pretreatment caused the roughness to
develop on recycle aluminium alloy surface at ninth hour after that was decreased. Weight loss of
specimen rapidly increased when an increase of soaking time increased at 0-9 hours and later turned
steady. The most effective adherence occurred at ninth hour with the concentration at 0.75 molar due to
the less metal loss. The area loss was 0.13%. In comparison, the one that was not immersed in NaOH
showed the thickness of oxide surface at 7 micrometers and the area loss was at 86.42%.

Keywords : Surface Pretreatment, Recycle Aluminium Alloy, Color Adherence
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Adsorption Silver lon By Chitosan Resin:
Effect Of Temperature
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Abstract

The chitosan resin was used as adsorbent for the adsorption of silver ion in batch process. The
effect of temperature was thoroughly investigated. It was found that increasing temperature of silver ion
increased the adsorption capacity. The highest adsorption capacity of the chitosan resin was 17.7 mg/g.
The change of enthalpy was endothermic reaction. The thermodynamics study revealed that changes in
enthalpy, entropy and Gibbs free energy were 29.9 kJ/mol, 94.9 J/mol-K and -306.3 J/mol, respectively.
The Gibbs free energy was negative value, suggesting spontaneity of adsorption process. The pseudo-
second order model was fit for describing the kinetics adsorption behavior. The mechanisms of the
adsorption occurred in 2 steps. The rate limiting step for mechanism of adsorption was film diffusion.

Keywords : Adsorption, Silver ion, Chitosan resin
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Abstract

This paper presents the comparison of rate of settlement of soft clay by inflection point method both
with and without prefabricated vertical drain (PVD) improvement, comparing with Terzaghi theory in the
case of without PVD improvement and comparing with Barron method in the case of with PVD
improvement. The case study of runway of the second Bangkok International Airport that have PVD
improvement are used. From the results, it is found that the coefficients of consolidation by inflection
method were higher than square root time method. This causes the rate of settlement by inflection point
method was faster than Terzaghi method in the case of without PVD improvement. But in the case of with
PVD method, the rate of settlement by inflection point method was slower than that of Barron method.
When compare with the settlement of the case history, it is found that the rate of settlement by Barron was
closed to the field settlement.

Keywords : Embankment, Settlement of Soft Soil, Prefabricated Vertical Drained, rate of settlement
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Abstract

The objective of this research is to development of Al-4%B-2%Sr master alloy for refining and
modification of eutectic silicon. Efficiency comparison of Al-4%B-2%Sr master alloy in grain refinement
and eutectic modification in Al-Si-Mg cast alloy with different additions (1, 2, 3 and 4.0 wt.%) and
constant holding time (30 min) were investigated. The XRD studies show AIB,, SrB, and Al,Sr
intermetallic compound in OU-Al matrix. The results show that the addition 4 wt.% of Al-4%B-2%Sr
master alloy leads to refining efficiency than 1, 2 and 3 wt.% addition, while eutectic silicon was fully
modified into globular morphology. The analyze of macrostructure show that the average grain size of
alloy decreased with increasing the master alloy content.

Keywords : Master alloys, Modification, Grain refinement, Casting
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Abstract

This research was to design the experimental set using for continuously producing hydrogen sulfide
gas. It was relied on the reaction between sodium sulfide and sulfuric acid. The production process was a
fed-batch type by adding sodium sulfide solution at the concentration of 9 mg/mL into a synthesized
bottle containing distilled water and sulfuric acid. The solution was added by injecting with syringe at 0.5
mL for every 40 sec and feeding with peristaltic pump at the rate of 0.75 mL/min. The result was found
that hydrogen sulfide gas could be produced at the approximate concentration of 200 ppm starting from
88 sec to 12,651 sec (3 h 30 min 51 sec) with syringe injection and starting from 76 sec to 12,683 sec (3 h
31 min 23 sec) with peristaltic pump feeding. The experiment was operated on the laboratory table by
treatment the effluent gas with sodium hydroxide solution at the concentration of 8 %.
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Abstract

A propeller can hugely result in high fuel consumption efficiency for a boat. The study objective is to investigate

hydrodynamic behaviour for designed propeller via three dimensional modelling. The propeller geometry is formed in

three dimension by defining skew, pitch, chord, rake and thickness. These parameters are used to compute geometry at

each radius of propeller in order to achieve hydrofoil section. Then, its performance is simulated by using computational

fluid dynamics (CFD). The results can show openwater characteristic which is very important for selecting the operating

point, propeller dimension and rotation at the high efficiency point.

Keywords : Marine propeller, Openwater characteristics, Hydrodynamics, CFD

1. Introduction

The ship business including cargo ships, fisheries and
passenger boat has been struggled over the last few years
due to high fuel cost. Since this trend seems to last long,
most of companies are focusing on how to improve fuel
consumption efficiency and fuel usage reduction [1]. The
propulsion system development is one of priorities since
it can affect the boat efficiency more than other systems.
The ship propeller can increase or decrease fuel
consumption, depending on its performance. Therefore,
operated propeller in optimum efficiency point yields fuel
saving up to 17% [2].

The complexity of propeller geometry is a major
obstacle for design. Its shape is normally formed as
cylindrical blade line, and various parameters is applied
to draw its profile; however, high accuracy and design
technology are required for better performance although
the primary and standard data is still used for basic

design. In the past, the engineer modifies each propeller

from the basic design, but the efficiency has found
dropping when it is used for real.

The propeller performance prediction has been
studied in different methods such as experiment and
numerical simulations by BEM and CFD. The
experiment is carried out by using cavitation tunnel. It
simulates the hydrodynamic behaviour in turbulence
flow, while the Laser Doppler Velocimetry (LDV) or
Particle Image Velocimetry (PIV) [3] measures pressure
and velocity of fluid. However, this technique is
expensive for single test and it is a huge disadvantage. In
the mean time, numerical simulation has been
continuously developed particular the application of
inviscid potential flow. The BEM technique developed
from Hess and Smith [4] predicts performance via
singularity distribution on surface panel. Such technique
can analyse the flow from propeller and shortening

computation time; however, the difficulty appears since
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the surface panel construction at wake vortex is
sophisticated.

The objective of this study is to predict the
performance of a new designed propeller. First, the 3D
propeller geometry can be created from designed
parameters using mathematic equations. Then its
performance is simulated using computational fluid

dynamics (CFD).

2. Propeller Design

The 3D propeller geometry can be drawn along the
helical line axis as shown in figure 1. A helix occurs
when the plane rotates clockwise or anti clockwise and
the point P is moving away from the observer looking
along the axis of rotation. The different cross sections
depending on each radius are called the hydrofoil cross
section which consists of two edges: Leading edge (L.E.),
and Tailing edge (T.E.). The essential parameters as
shown in the figure 1 are computed by defining P point at
each section coordinate. From the point P, the geometry

coordinates can be defined by using equation 1 [5].

Xe = —Jig + 6, tan(g,)]+ (0.5¢c — x.) sin(8,,) + y, cos(6,,)

o = _r,sin[ [(0.5¢ - x,) cos(6,) - v, sin(6,.)] _gsj
r
= 1 ,COS[ [(0-5c—xc)cos(rem)— Yesin@u)] ) N

where i is generator rake, @ is skew g _ is pitch angle
and C is the chord length, while y,_ is camber line, plus
and minus, with half of the thickness t at position of
given cross section for upper and lower blade surface
respectively.

This study was based on data of Chaophraya
passenger boat as shown in figure 2 as a case study for
simulating characteristics of suitable propeller. The
dimension of the boat consisted of 30.75 m length, 4 m

width and 0.5 draft, while its weight was 28.1Tons. Its

265 kW engine produced average speed at 15 knots at
900 rpm, and the top speed was 17 knots at 1100 rpm.
The propeller diameter was 0.813 m with three blades.

o —

¥ - :

Vel Y )5\
AT X

~ Blade reference line

/ e

LE. 7\ /TE.
- P \\ /
/
‘ \ Al
< \ 1O
\ ~ ‘7\~~Hchuul line
\ s
\ ( A

Mid chord point

Helical line

Figure 1 Parameters for defining propeller geometry [6]

The parameters were applied to equation 1 in order to
create the 3D propeller geometry: its diameter was set as
0.813 m and hub was 0.15D for three blades. The rake
angle was 15°, while the camber line function was
selected as NACA a=0.8 then, the skew, pitch, chord and
thickness distributions at any radius as shown in figure 3
were applied in equation 1. Eventually, the 3D propeller

geometry was created as shown in figure 4.

Figure 2 Chaopharya passenger boat



Ladkrabang Engineering Journal, Vol. 32, No. 3, December 2015 87

1.1 r 25
1 —
k20
0.9 —
= Chord (c/D)
08 15
= pitch (p/D
%07 N pitch (p/D)
506 = thickness (t/D) L 10
=
Sos5 | skew " %
[a) -
t 0.4
0.3 -0
L
0.2 ——
— L5
o1 = i N\
!
0 : . -10
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
r/R
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Figure 4 3D propeller geometry

3. Computational Method
The modified Navier-Stokes equations (NESs) called
Reynolds-Averaged Navier-Stokes (RANS) equations

were used for flow governing equation as: [7]

o, o) @)
o o

a(P'Ui)+a(p'ui u;)
ot 0X;

]

. ou.
o) faw o 2 an) ()
0% OX; ou, ou, 3 OX

]

The additional unknown terms were named Reynolds

Stress and defined as

According to Boussinesq hypothesis the derived

Reynolds stress became

From the K —¢& turbulence model, the turbulence

viscosity term (,ul) was
2

p=p-C, ?
The equation was transformed as K and € function

due to turbulent flow model as:

Dk_o [ k], )
R L I A
and
2 6
pRe ol mloel oo & ©)
Dt o o, | k k

where P was production of turbulent kinetic energy and
o,,0,,C,, and C,, were constant
From the K —® Turbulence model, the turbulent

viscosity term was

k
He =P —
[0}

The equation was transformed as K and @
function due to turbulent flow model as:

Dk_ 2 ok (7
P'E:gl'li(#*'o"#‘)'azl‘*'})—ﬁﬁkw
and

'Dw_ 0

Do_ o ®)
?br ",

0
'{(woz«)';}wpak)—ﬂpwz

where P was production of turbulent kinetic energy and
a,p and o were constant.

The commercial CFD code, Fluent V.6.3, was used to
investigate hydrodynamic behaviour for designed
propeller. The model was composed of the cylindrical
outer and inner domains. The propeller was placed 2.5D
from velocity inlet and 10D from outlet as shown in

figure 5.
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Quter Domain (Fixed Reference Frame) _— |
' el Pressure outlet

ST Inner Domain (Rotating Reference Frame)

Figure 5 Boundary condition

The mesh of modelled propeller was defined by
Gambit program in unstructured mesh mode because it
was simple and convenient; moreover, its solution also
indicated small errors [8]. This simulation was using
rotating reference frame model. The velocity inlet
condition was set for upstream inlet surface and the
pressure outlet condition was set for downstream outlet
surface as shown in figure 5. The interface boundary
condition was set on the intersect surface of the outer and
inner domains. The outer domain was stationary, while
the inner domain was operated at the constant rotational
speed. The surface of blade and hub were no-slip
condition. The simulation was set to be steady flow and
k-€ and k-() turbulence models were selected for
calculation and the residual monitor was 10™. The flow
model was applied in single phase without cavitation

effect.

4. Result and discussion

The results from the model were compared to result
of H. R. Shin and J. Shitalkumar’s P5168 propeller [9].
The P5168 was five-blade -controllable-pitch with
0.4027m diameter. It was modelled by tetrahedral mesh
with 560,000 grids. The model was performed at
J=V,/(nD)=0.98, 1.10, 1.27, 1.51 where V, was inlet
velocity, n was rotation per second (rps) and D was
propeller diameter. The k-€ and k- models were chosen

to study pressure distribution at front and back of the

blade as shown in figure 6. The pressure was low at
leading edge at suction side, while the high pressure was
found at leading edge at pressure side. Figure 7 indicated
K, and K, comparing to H. R. Shin and J. Shitalkumar
[9]. The results showed consistency at J=1.0 - 1.3, while
showed lower at J=1.5; however, the result from k-
model and k-€ model indicated consistency over J=1.0 -
1.5. K, and K, were thrust coefficient and torque
coefficient respectively, and they can be written in non-

dimensional equation as:

Figure 6 Pressure distributions on P5168

12

—— KT(k-w)
—=— KQ(k-w)

1 —*—KT(k-€)
\ —s— KQ(k-e)
08 A KT(Shin H.R. and Shitalkumar J.)
\ X KQ(Shin H.R. and Shitalkumar J.)
0.6

04 Y
\
A
0.2

Kr,10"Kq

-0.2

Figure 7 Comparison of predicted K., and K, of P5168

where T was thrust (N), Q was torque (N.m), D was
diameter. The propeller efficiency without ship body
effect called openwater characteristics was computed
from thrust and torque coefficient and advance number

as:
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For investigated propeller of Chaophraya passenger
boat, it was also modelled by tetrahedral mesh. Figure 8
showed computational grids. Prior to the analysis of
propeller, the optimal number of grids had to be
determined. Hence, a preliminary grid dependency was
tested with number of grids ranging from 550,728 to
933,829 (see figure 9) and 810,497-nodes were selected
as the optimum number of grids. The calculation was
carried out from J = 0.2-1.0. The pressure distribution at
front and back of the blade was simulated by using k-€
model as shown in figure 10. The path line at tip of the
blade simulated by k-€ model at J=0.6 was shown in

figure 11.

Figure 8 Computational grids
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Figure 9 Grid dependency test results

Figure 10 Pressure distribution on propeller
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Figure 11 Path line at tip of tailing blade

In order to investigate loads on the blade, Cp on the
blade at the same radius (r=0.7R) was computed by using
k-€ model at J=0.6, 0.7 0.8 and 1.0 were shown in figure

12 as equation 12.

c, :(I:—Pw) (12)
Z V2
2

where Py, was atmospheric pressure and P was water

density.

10

—— =06
8 —_—=0.7 [
(\\ —]=0.8
13 —— —_—=10

2 N

N
|

Figure 12 Comparison of pressure distribution at r=0.7R
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Openwater characteristics can be simulated by setting
the D=0.813 m, n=1100 rpm and adjusting velocity for J
ranging from 0.1 to 1.0. Figure 13 shows openwater
characteristics (K, K, o and7, ) of the propeller. The
comparison between k-E and k-(0) models showed that
the result from k-(J model was lower than k-E model all

over the J range.

Openwater characteristics

0.5 80
0.45 - 70
.
04 B .//,‘f__/‘\ 60
oa e / \“\ 50
03 A///?\\ \ 40
e RN § £
. e e
025 — / SN \ 303
s R \\\ 2
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01 ——KQ (k-w) \ AN 0
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: —e—Efficiency (kw) N‘
0 : : : — -20
0.10 0.30 0.50 0.70 0.90 1.10
0.05 -30
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Figure 13 Comparison between K, K, and 7]

5. Conclusion

The flow analysing through propeller is sophisticated
particularly at turbulent mode; this yields complication
for propeller design. This study has developed method for
propeller design to become more practical. The 3D
propeller shape can be drawn by defining skew, pitch,
chord, rake and thickness. With these parameters, each
component of propeller is easy to adjust; moreover, the
3D geometry can be formed easily. Then, the CFD is
used to simulate openwater characteristics of the 3D
propeller.

By using the present method, it is more convenient
and takes lesser time to design and develop a propeller
suitable for each boat than using an usual experimental
method. The openwater characteristic of propeller is
important to boat speed. The appropriate boat speed and
propeller rotational speed affect directly the propulsion

performance resulting in improved fuel economy.
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