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Secrecy Capacity of Wireless Channels
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Abstract

As wireless networking has a wide range of applications, its security is an issue of concern. Encryption
is traditionally the main route to secure communications. Nevertheless, this security solution may be
difficult to implement in some modern wireless networks, e.g., ad hoc and radio-frequency identification
(RFID) networks which require large-scale organization and low computational complexity, respectively.
An alternative approach is physical-layer security, which leverages the physical properties of radio
channels to achieve reliable data transmission without the need of secret keys. Since this kind of security
emerged from the information theoretical characterization of secrecy, there has been great interest in
secrecy capacity of various wireless channels. This paper provides an overview of such capacity for a
single user.

Keywords : Information theory, Physical-layer security, Secrecy capacity, Wireless channel
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Abstracts

This research was studied the possibility of resin composites development by using fish scale in
order to improve impact resistance. For development The result of this study would be the alternative
material to design a bulletproof vest. The experiment was performed by comparing the number of fish
scale layers to the impact resistance according to the dart impact testing. . The polyester resins and ground
fish scales which acted as reinforcement material was molded . The results showed that the polyester
resin and the number of fish scale layer affected to the impact resistance. The results also showed that
using two layer of fish scale can absorb the impact energy higher than others. It is possible to develop a
bulletproof vest from fish scales.

Keywords: Bulletproof vest, Fish scale, Polyester resin
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Lightning Detection System in Thailand by TOA Method
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Abstract

This paper presents a lightning detection system in Thailand by TOA method. This system receives
lightning signal via VLF frequency to process by TOA method. This method is used to calculate lightning
locations, when the system detects lightning signal. Our system will alert via Android phone if lightning
happens nearby places. User can choose locations and alert points via android application. This system
will help people to know lightning location. Since lightning generally occurs in same area so that we can

prevent danger from lightning immediately.

Key words : TOA method, VLF , Lightning signal
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Abstract

Heat transfer analysis for axisymmetric solid by using the finite element method is presented in
this article. The method used to find the temperature distribution in solid is the Finite Element Method
based on triangular element. This numerical method is more suitable than the analytical method in
dealing with various types of boundary conditions and various shapes of solid. The accuracy of present
method is assessed by comparing the calculation results of present method with the results from analytical
method or commercial. Three test problems are presented in this article, namely the solid cylinder with
uniform heat generation, the fuel cladding composite and the hollow cylinder with heat flux on inner

surface.

Keywords : Finite element method, Axisymmetric solid, Heat conduction



Ladkrabang Engineering Journal, Vol. 34, No. 3, September 2017 23

1. UNnin

mmsﬁ’mmﬂumaﬁmuﬁ%ﬁmm@aﬁmam
A ] o < o [ )
T]ZJﬂ'ﬂll!.!lluEﬂ!.l’sﬂﬁ’JﬂLﬁ’Jﬁ'WWiﬂJﬁlﬁﬂUﬂﬁm’ﬁﬂ\ﬁZUU

] < v A Yo
NIEYNTNITU 'ﬂ’ﬂll!,!fllQLLS\T‘lli‘)\'iiﬂﬁﬂﬁi1\'iﬂ1ﬂ1imﬂllﬂﬁﬂ

NITNNNA uazmizmqmm%’au N13VBNUUVUDN

w3oaantlasuanudon  aauudman ihnldau

4 1

Mumsunng M3 IvavesomariueImaey s

A o o g 3 A A
szingomAtaza NI oulunwneds dludu Fuaan

Y
185uanuanlandludinuveninadincans  ains
Y o A s A A )

saziwau Tsunsuaouiunes oo aouAIY

a @ g’z 1T a2 X %
’Jﬁ?ﬂﬁﬁnuu@]ﬁlm@ﬂﬂﬂﬁﬁi}ﬂﬂu

ax

AABATLIZIANAIUN  IDAIUIVTIANAY

Yo a 9 A gy X A A 9

1asumsAadunazmuaussouz IdgauiGos Gudu
4

31105 W ludanworsud (Finite Difference Method) 4

1 a o

1¥1dad miulgyminiigdsuaeandosnuszuuing

L1}

o A )

= o 9 = ! @
ualveTINAAe U NINNMINTINN U e
A oAy Y o Ao o ' Y q ¥
magﬂﬁN‘ﬂ”lmaﬂﬂamﬂmzuuwmuummu 214
Ao aa ! A
FTUVHAAINADINA (X —Y) JUINnMInzaunge

L “ o4 A
NUID Finite Difference Method ﬂagﬂmﬁmaﬂmmw

yansasguuuuaduimualaeiing x uag y Aloiig

A3

FARAMIHAIAAAUIBAUIUNTINITDIOIFUE

pud)}

Ed
v A

° [} an J ..
asnatiau 35 14 Tudi0qu (Finite Volume Method)

b R

v ]
= a

b Y ¢
o ll‘ﬂﬂLiM@]ullm?ﬂﬂﬂgﬂ1@1“Wﬁﬁ1ﬁ@]i"llﬂﬁvlﬂmm$

a

1 v ax d a 4 ..
msoemanuiou 35 Ivludwamud (Finite Element
% 2 ]
Method) FaFuaumnandaymaunamaniveauia
Y v Y o = as J
neIvedesmsinauenguveeds I lud
a do w ° Y <
wamuddmsulymmsihanuieuluvew ey
HANTANUANNIATTOVLAY [1, 2] FIDDNANITOM
I3 ' ' < 1 o aa
mnov lddeniuaz s msmusUDauEa
A = o 1A A o A
91399 nAnIgniInaegnlyinan1izaIdinie
Tymngamvgd linldeumlasamnadeaumsiieny
sazoulvveuavesdymagnanilwiden 2
aumsveeds W ludiedmudegluiidei 3 Tdumn
1 H o a a
wanmsmniminaandveImimeny  oamusd
A A ¥ g a ¢ a 1 dao o
naenldiluedmudaumasuauganeniisuIug?

Y A & a 2o q Y1 '
L!JJﬁu'E]fJ‘VIiZfﬂaluWLl\Tlf]ﬁlilu@lﬂ']qlﬂ\ﬂﬂ@]ﬂﬂ1i@]§’ﬁ]ﬁﬂﬂ

ANUYNABIVBIMIAIIMIALANUIIUE T oEN

v Y Ao

wamudsudUge  aved 4 Wuiveineaiums
° Ay v an v v W
nageuwamsmuni ldansdegiuiusunans

o at a Aa 4 o
ATUIUITMNITLVIUATIEH wazmaeun lusunsu

v 9

9 & °
di5egd  degametinaueunaglveslidsunsy

A sy ¥ a X
ﬂ@ﬂW?Lﬁ@ﬁﬂqﬂﬂﬁzﬂyzﬂJuNW

2. aumstenpvestymmsinanuiou

@

a 2 A
NV WNUENHULHUNATTOLLNY
v A a A a IA
z Qgﬂ“l/l 1 ﬁm;c&lgmvfl%klumiamiwwm n13

nsgneguugiluszuy r—z  nyulayumilwes

a <3
LLﬂuﬁlliJWlif‘ﬂiﬂiﬂl!“ﬂuﬂ1§ﬂ§$ﬂ18ﬂmﬁﬂ“u1umﬂﬂllﬂlﬂ
A A v 3
mzummmgmm3ﬂuuﬂuﬁmmﬂﬂmwmmﬁz
< o = @ A a <
Wumaowaeny  luunanuinsu Ry ds
A wa a J N .
N ﬂmmmmmmmmmmﬂlaiwmﬂﬂ (Isotropic)

P F
1w v W ° Y 9 @
MUY muufmmﬁmmﬂiymmﬁmmwmau amIy
LL‘]J“Uii"lﬁi’)\?E‘TllMWG]SS@ULLﬂHﬁﬁﬂYJgﬂQﬁ’JﬁB [3]

li(rka—-rj+i(ka—-rj+Q'=O (1)
ror or oz\ oz

Tags Q fedasimInananuiounonilillelSinag
[ A a A o a z{ o
voIng T Avgavgl K Asdwlszaninmsiiniu
v ] t;’o/ 1A wa
Fouvosuoawdadluunanuiiss lunnsanguania

@ a

4
VoI NIUBGAUMLN LA gUHA]

U

maovvealymmathanudouds guvgin

o ] 1 < Y ]

AFZANUA UMY (r,z) a1 meluveidedny
v A . 4

malddeulvuuvevvealamy (domain) 9o lvvew

youlammainnueum lmisesniiu 3 guuuu

Tdun Seuluiiszygaungil (Dirichle) vuveu I,

Wou'luiiszymandniudou (Neumann) vuveu T,
A a Y .

uazitou lunszymswinwiou (Robin) vuvey I,

waasegluaumsi (2), 3) uaz (4) Muday



24

Ararsananseds U 34 adui

a o v

AuENgY 2560

T=T )
—k(ﬂn +ﬂn j—q 3)
or " oz’
oT oT
-kl =—n, +—n, |=h(T -T
(arr ~ j (T-T.) @

j— Y

Tag T Aeguuginmmuaiumn,

U

p— v J
q fAewansam
Y A o 2 A o a £ Y
Founmmuaduwn, h fedulsz@nsmamanuiou

4 do o o 4 -
masveved lnandunanuvey T,, T, Aoguuigil

1
(%

voswes lvandudaiuvey T, namesnilaimioe

S J v A
'V\Nﬁ]ﬂﬂinﬂmf)']J“UENTﬂLJJ‘LHJENﬂ“IJiZﬂE]“UGHiJL!u’JimJ

4
n
(r) vazuwuauamnas (z) whdu n, uag n,

ANAIAL

s 1 msthaeslymieuiadleuuuiiaesdeiia

FUATNUINTTOULAU

3. 58 W lusodmua

d v Jd
3.1 Wanvudszanammelueamua

a ot o a ¢
mamm‘msl%klmmmmuﬂa 1DALNUA

S a 1 .
TUHATUFUATINYAND (three-noded triangular

' { < a 7= o 9
element) taaseglugln 2 Wueawuanimmvualins

wasulasgavgiimeluednudiluiasfuduase

@

3

=De

T =N,T, +N,T, + N,T, (3)

Tag T,, T,uaz T, Aequugiiii node Wiuaav 1, 2

uaz 3 ewdwy luvaegn N, N,uaz N, fo

% 1 o [
Wan%¥131/914 (shape function) 115U node HGAY 1,
Y

[

2 11ag 3 My Ul

N, = (a, +b,r +c,2)/(2A) ©)
N, = (a, +b,r +¢,z)/(2A) ()
N, = (a, +b,r +¢,2)/(2A) ®)

k4 1 1 v
Tag Afevinavesiuiiamvasuluvazh a,, a,

1o o

1oy a, ﬁaﬁ";uﬂsﬁﬁﬁuag UWAA I wag Z ¥ed node
Rt ST I AT

a =rz,—nzb=2,-2,¢c=r-1, )
a,=rz —-nz,b,=2,-z,c,=r-r, (10
a;=nz,-rz,b,=2-z,c,=r,-r, (1D
2A= (rzzs - r322)+ (r3zl - rlz3)

+(rz, - 1,2,) (12)

l——— T3 ———

=t

5 —|

Tz |

=

A a J = a 1
31]‘1/] 2 PANUAT NN AU TUATTNIAND

3.2 MIa319aumsmuIN
as Jd A o o Ia
5 W ludpdmuduurdnmsvedntans au

a

(Galerkin method) [1, 2] gavinnldierimgungil
TawiszanmTaelildmsudaumsiseeuiutiosdie
a 1 @ o Y ad 14
matinavewaagad  mamimaeunies il lua
a s 9 A Y a I
auATuANIINMIEenlHeamud lumsilszum
VoA 9 ¥ a s 1 g o
Anie W Idaumsvesedmud aeaintnhaumsves
a Ll Y 9 [ I
aUAA1NsznouIIAIIA T uAUMI VBT
A s 2 ' &
Tugiuuvveuuasnduazinmaes Tuasusae lildons

seylou luldnudamasaumsh ) 89 @) udnh



Ladkrabang Engineering Journal, Vol. 34, No. 3, September 2017 25

Lm‘%ﬂcﬁuammma%mqqﬁ'lﬁ'ﬁmﬁﬁzm%u"lwamw
udr lrhmsmmaeudieseIBimanaindigy 33
Gauss Elimination, LU Decomposition 130 Gauss Seidel
fludu  meevsgihwuaadlugivesnsl x—y
w’%aﬁzﬁu%ummqmwgﬁ (temperature contour) TUd1A1

o l1

9
mmmﬁmnmm”lﬁ'mwm

srazdeavaImsadaaumsudaly
v &2 oA o
aauINAeNMiNaL
AW AUMIDUNNIAVUNRANNIVOINUADS AULAL

v
AUNTUDAUDALUUA

IN{rar[ j j+Q}27zfdA:0 (13)
({2 0

jN{ ( ]+a(k6Tj+Q}2ﬂrdA:O (15)
ror or oz\ o1

wasnnldm laslsznavesguugiunuasluaums

Al
a[kaT
o

A = ' Y A D) 2 7
n (13) 99 (15) WJmﬂuuﬂamﬂwqyaummLma

4 I a 4
(Gauss theorem) tiead1uiluszuumas ngg LY

9
nzNATA (compact form) Al

e )= e}

Tag

ON, ON; oON. ON;
ke =[] Sk Sk 2rda
or 0 oz oz
+$ NN 27rdT, (i =1,2.3; j =1.2,3) (17)
£ = [N,Q2zrdA+ §hN,N | 2zrdr
+ § qN, 27rdr, (1 =1,2,3; j =1,2,3) (18)
{Te}: [Tl T, Ts]T (19)
Wil h uaz G ezgminnduaniiodiuladu
nilwesednmdiluveuwalamudimsszydonly

o ¢ 7
ﬂ”liWWﬂ'J”lll%%]ullﬁZV‘Iﬁﬂ“]fﬂ')”lil%}ﬂuwnuu
4. MINAaDU

@ = o Y A = J
nanmMan1mguy luiden 3 gnulaguilu
- IR o 2 ¢
Tsunsuneuiame I Faian LN UNIY 9%

195071 Fem_axis tive T ansad e Idnanetlaym

iunamseudoyans lwdihehidlu lwdswa ascn

' ' L g o
uazastoyasennie Tvladseanduilulidsa ascr

4.1 miansanszuenduiiannsanannnutonld
Tmuuuazﬁjau'lwﬂummmﬂigmuamag:

“lu;ﬂ‘ﬁ 3@ niaidenldie erdl (NSane) uas

grid2 (ﬂ?ﬂﬁazlﬁﬂﬂ%m @Tﬁgﬂﬁ 3 (b) UNNNTINTEVON

aulsatmny b=5m waganugumnu a=5m

Fulszans msrhanudeuveanaTansiis iy

k =15.1W/(m-°

. Y
Q= 2.4W/m3 mavuluuvansanszuen Aamunu

a v Y o
C) NITHANANINNIDUAIIDAI

uazanveansanszuen Lill lvaduvesnnuiou A1
muthavesiagaiimimanuionliguesinaguugi

T, =4°C Fulszantmsmaiudeudo
h= lOW/(m2-°C) 7107 4 ueraamsnazavgaingdl

910 FEM_AXIS 1ag3ni3ainses [3]

£
a_,
0z
—:;
2
oo oT
or b L or 3
a |_>; ) kar h(T-T,)
—
Y ket oy

or
20
0z
(@)
1 5 5 7 / 9 ,// dl
2 “a | e //a __,/10 gr

} Ao A N A0 A/
Y Y Y Y
y '/ ! / / / ’ / i

/ / / / / / / / / 1
/2|/a|/6|/8|/10] /12| /14| /18| /18| /20 grid2

(b)

317 3 (a) g5 19uezRou lvveuvewlynin 1

U

(b) N3aaumasyn g lumsmun



a o v

26 Amarsainnszde U 34 atun 3 fueneu 2560
58 annsamsraanudould AnunuIvea cladding Ao
5.6 - - .
3 mm idwu (2=6m)  waziduas
5.4 2
55 (z=0m) vewmsnszuennsansldsumsfunuiu
' I oA a g . v v v
T(:C) 5 Wuedd  Hadmuenves cladding dudanuveslna
4.8 gl T, =27°C  wasiduiszansnmsm
4.6 ANuSouIndY h:ZOOOW/(m2-°C) R IEANICTERY
4.4 4 & ' 4 4
oy
0 1 5 3 A c razitou lvvoetlynin 2 uaﬂ‘qagclugﬂw 5(a) nIaAd
r(m) 1 lumsdnanaaseglugin 5 )  manszawe

31N 4 MInszneguHNMUIUITANYBINIINTE VDN

aunldan FEM AXIS dal¥nsaneny (gridl), n3amn

= k] . o Ay ¥ a a A 4
ATIRYAVY (grid2) LLﬁZﬂW]ﬂﬂﬂulﬂmﬂi]‘ﬁl"]fﬂﬁlﬂﬁw’i

z
fuel cladding
/-\_/\/

| /
| H
| 2 oT
' -k—=h(T-T
, T_ir-1.)
1

aT 02 6 mm 3mm

or i
] R —>
I\/\/\\/\_/

(a)
|%|34|55 |?B |QTD|“12“314“616‘”13|'920‘2‘22‘2324‘2525|2?25|2g30|3|2|3334|%|

(b)
gﬂﬁ 5(a) gﬂs'Nuicm%u"lwawumﬂfgmﬁ 2
(b) M3 aaumaenii 1l umsd i

4.2 !!ﬁdﬂﬂﬂizm)ﬂﬁm%ﬂ (fuel-cladding composite)

TaniRerdesiuuimsanszueniideus
q093 unansanszuensulufounansenszuendui
wvngsitiouesnlaq (UO,) Fonn fuel clement Y119
Sy 6 mm  Ddudszanimsihanudeu
k, = 2W/(m-°C) 8A3INIHAANMT UV fuel

element An Q =2x10°W/m® unsmsanszuen

9 H ! '
FuuenNiuye  cladding  aniaghiia

dulszansmathanuien k, = 25W/(m-°C i

gUNNIN FEM_AXIS gmimnnfssumsuiugamgi
A o at a A o A
NANOIUNNITFIATIST U 6

1200
_"‘—L'DKD\EL exact

1000 O FEM_AXIS

‘[\:\
800 \
T{“‘C} 600 ‘\]
400 \
200
0

0 0.003 0.006 0.009

r(m)
Q‘ IS -7 =
UM 6 MInsznegan UM NIUITATYRINTINTTVON
P o y dAyyv o Ay ¥
Founuaea¥u 1dvn FEM_AXIS wazfmaeuinlaain
a a A 4
FIFNATIEH
| T 1 =) v T
43 uNINIINIZULNNAIT ININAINANANS o UNAN
, .
WanganuSounniianuly
a é = v A Y
NTAUIMNTINTZVONNAN  FINVHIATANAIY
Ttz @ UMY 2 cm 1ag 10 cm MNEIAY V1A
A o A
ANUGAVDINTINTZVONAD 14 cm Mgn 7 (a)
(= a 9 N a £
nsanszuen luUmMInaanusou  mduilszansms

a

hnwdeuvesianio k =52W/(m-K) qamigil

AR IUUBN HIMUVUUAZHIMNUAINVDINTINTLUDN
273.15K

Yo (o o ¥
mamzuan%mﬂaﬂmmmiau

Al Iuves
5x10°W /m?

Tuvagmamluoanldsumsjuauiun - $1wou

A A 1o
UAIPNNNINDY

JAADUAZIDAUAT 191U FEM_AXIS fio 841 LAz 1568

MuaAUAIzUN 7 (b)



Ladkrabang Engineering Journal, Vol. 34, No. 3, September 2017 27

T=273.15K _
\ z=014m
Insulated —=
N
Yz=01m
—
5 2
5 X 10" W/m" = T=273.15K
—
~42z=0.04m
Insulated —=—3
N 7=273.15K | ,-om
r=0.02m r=01m
(a)
iy
o
o /
Hali i
e
i i
il i
Al i
i il l:l d
’,* LER "r ‘,:‘
(b)

]
=~

51U 7 () 3Usnawia, Tamudesianl¥lumsiiaes
uazoulvvevvueatlamii 3 (b) nsaaumasuilylu

MIMUIN

)

JUN 8 MINTTNBQUNYUMNIUITATYDINITINTZUON

na29 14910 FEM_AXIS

MINTENWYUHNNIN FEM_AXIS HAAI0Y
Tugdn 8 gavgiindwmis r=0.04m uag
z=0.04m lddwmSumanfFeumsumaonszring

Tsunsu FEM_AXIS nuT1lsunsy COMSOL [5] #e14

PANUANMASY  1azs N node nuTasunsw
FEM_AXIS guniinlaan FEM AXIS e
332.97 K 1

< ' a o 1w 3 {
332.88K winldigungl o dumisdinannld

uazguuinlasn  COMSOL  fe
nnldsunsy FEM AXIS IndiResnusmaeui'ldain

T1J514n53 COMSOL

5. agi
A a o 9
unaNulesINeNnguuazmsszynd l4ms
o a o A an d a J o o
urasiduavyen 35 W ludwdmwuddmiuilym
mathanuSeuriaduinassouuny  Nan1ZAIR)
J o d’l Yy 1 o a 4
penlsznoudingueuiion ldun msinausodmua
AMAsNEUAAOINEMIMUINDEINEI  MEDLIY
4 o ¢ a ¢ ) o &
mearuaums W ludedmud  duseumswanuily
a 4 = ° [
Tsunsunouiiumes MsufFeumsuransmuIvNL

asd ' o 2Ay Y 1o P v
50U W“]J'J"IWﬁﬁW'ﬁﬂmlﬂiJﬂ'ﬂﬂJlllluﬂ"l Llﬁ%tﬁﬂ"lgﬂﬁlgsl"lf

@ Aa ' @ 9 4 Y v 1 d’l

nuflyriniglindudould  fleumaniviuiom
o Y1 _gao a1 A Ay

Tuunanutivzidluilss lewinedvenudundesns

mmeeuddnavdmsvlymmainnuioulu
Tawuaunasseuunu'Id lag ludeedeTisunsy
o T [l <
duFagsnumneainaalseme GIARNERTARY

v 2

o 1 [
msany lunseil lu'ldaulamnansznuvesnnu ludlu
Fadulaqilosninquauiavesiag  Neu'lvueuiua

= y 2 vy XA 9 g A

msfnluaseationlsveyaiesdulinudaymons
1dun Yaymmsthanudeuneluiaglsznen
(composite material) Nan1glind Tynuneany

4 ' [ 1 9y < Y
‘Wﬂﬁ?ﬁﬁi‘ui’)ﬂllﬁﬂi’nlﬂ‘].lﬂﬁﬂ?ﬂmﬂ’ﬂﬂiﬂu Ay

6. 1ONA1391904

[1] M. J., Fagan, Finite Element Analysis Theory
and Practice, Pearson Education Limited,
1992.

[2] L.J., Segerlind, Applied Finite Element
Analysis, Wiley, 1984.



28

ArasannseUs U

a

30

o

Uun

[

AuENgY 2560

[3] M.N,, Ozisik, Heat Transfer A Basic
Approach, McGraw-Hill, 1985.

[4] F.P., Incropera, and D.P., Dewitt,
Fundamental of Heat and Mass Transfer,
Wiley, 1996.

[5] R.W., Pryor, Multiphysics modeling using
COMSOL.: a first approach, Jones and Barlett

Publishers, 2011.



U R A ' s 9
mM3150159 Air Chamber Yo unT2 BTN

Improvement of Air Chamber of Shrimp Freezer

o = a =) A Y g’/ a
Fyan glsels  1gwa qeauna Mesaih avlada

MATINIAINTTUATOINEG ANLIAINTTUANANT YN INFBURULAY

o 1

YN
aw & o =2 o . . A 1 3 9y Aqy 1 &

NUIYU mmuammsmammi“lwammmmﬁ (Airflow) m&flu Air Chamber VBUATDILUBLUIN V]Gl"lﬂl‘]ﬂlﬁl]\i
P a 9 g A [ S Aa o w '
QQiuQﬁﬁTﬁﬂiiMﬂTﬁWﬁﬁQQLL‘MﬁN Lu@ﬂi]1ﬂﬂ5$ﬂ3uﬂ1§LL°lfLL“UQI’JTVHELﬂuﬂ’igﬂﬂuﬂWiﬂMﬂ’ﬂuﬁ1ﬂﬂJ?JEJNlHﬂ NI

< . ' o [~ a < H Y '

mﬂwammmmﬁwumﬂiu Air Chamber ?NNﬁﬂﬁ%’ﬂﬂﬁﬂ@@lﬁﬂﬁuﬁml"w PUNHYY UAZAINNLIIAN MIWUARIUTING

o Y 1

a < @ J g @ a ¥
ﬁ\iﬂﬂ!ﬂ1Wﬂl@\‘iWﬁ§lﬂﬂ!°’V]ﬂ\1!!%LﬁN '.]@lq’ﬂiZfNﬂ"UfNﬂ?ﬁﬁﬂ‘]&lTLlﬁﬂfﬂiﬂ51J1J§\3ﬂ1311/iﬁ"’11@\‘1@1ﬂ1ﬂ TaonN13AAAUING

a

Y 9 4 v 3y a a o ° .
ﬂizﬁnﬂanmunuma!ﬁmmmﬁium%ummmLm‘umu Iﬂﬂﬂﬁ’nﬂﬁm’mmmU%Wﬁﬁ]\ifﬂill‘l’ia"llﬁ]\iﬂiﬂ1ﬁﬂ181u Air

4 [~ a o . . . o
Chamber 6umm%mmmfi’dﬁ”;ﬂ?‘ﬁwamam%m"lwmf’mmmm (Computational Fluid Dynamics) uyutiaesms lua
Y990 IMAYNAIUINAIGTU5HNTY SC/Tetra 1B5FUN 13 HAnITAIUIBMUVTIA0INS Tnavesoinaniely Air

a o Y 3 ' ° o o o
Chamber !,HJ‘]JLﬂlllmzLHJ‘]JTJTUTJENL!ﬁﬂQGlW!,‘HLI'NLL‘]J1_|%'lﬁﬂ\‘lﬂ'ﬁll“ﬁa"UEN?J1ﬂ'lﬁ!,l,‘]J‘]J‘]Jiﬂﬂaﬁﬁﬂﬂ'lﬂﬁﬂ'uﬁn@ﬂu"ll@ﬂ

& A

ﬁi"mwmi"lwmmmmﬁmqaaﬂﬁﬁmu 13.57% marﬁfmmn@'{am‘ﬁmmummgmmmwamné”mwmi"lwmmmmﬁ

Angesne1Ma

o o J

Aa o 4 13 @ 4 13
ALY : Wamammaﬂwawammm, ﬂﬁllﬁa"llﬂ\‘i@']ﬂ1ﬁ, Lﬂ%ﬂ\illﬁlﬂl"u\‘i, miﬂﬁuﬂgam%mmm

Abstract

This research presents the simulation of air flow in the air chamber of shrimp freezer. The frozen
process is important because discharging airflow from air chamber influences the quality of the product,
dependent on the duration of freezing time, temperature, and air velocity. The objective of this study is to
improve the air flow by modifying the direction of the air inlet and to analyze by using program SC/Tetra
V.13. The results from the simulation show that the improved model improved air-flow rate-uniformity at
the outlet increasing by 13.57% from the SD compared to the original model

Keywords : Computational fluid dynamics, Airflow, Freezer, Improvement of freezer.



30

AasaanseUs U0 34 aUuN 3 Aueteu 2560

1. Unin

Tuilagiiv BvanvaedsnanIosnuInuN N

a

J

a o Y A Y & A A
YonandusioI Iiasguamng 1314 nilaluisng
a o v & o A Vg A '
Ngad 1S UINUTNBI01MIINADMIUFUUI[1] 1ATOIY

3 = A A Y
U3 (Freezer) Uniatayiangnlylugaamnisueirig
g ' 4 g '
U9 U aToausuyanuy daunll (Air  blast
A ] a 7 L
freezers) Lﬂ'i’t‘NLL"]fLWQLL‘]J‘]Jng‘JﬂulWIﬂ‘]Jﬂ (Fluidized bed
4 g <
freezers)  tA30au¥udauvulderinimduling

. A [~ aa

(Impingement freezers) uazmiammmmuu"lﬂﬂﬂfnuﬂ
4 [~ { A
(Cryogenics freezer) laota3oausudeniionlyly
T3 A A Vg 9 !
PAAIMNTINOIMTUBLAIND 1ATOIBLIIUD TdFaui)
& A v 2 a A ]
[2] BINTLUIUMTUVDUATOUFUVI¥ U AL 1FD10 A
2 3 o a 9 A o o
wuiuananalumsuanlasuanudou naasumag
U4 < o Y a o I'd 19 ¥ & o l
gnthdreeimedn v linaasuaignusIiudadied

<3 < a o a
599157 AUnTENIRAANURDgur i lanaie (Core

Ay A o JY Vg ~
temperature) ANNABINT TAGHAANUNNIUBLUTIAIT]
gainiilana1ah -18 osrraiFod ned NN

LI~ ~] a a I
msusudauiunisanguugivesndndusionnis
¥ a o 13 A Ao '
asauUnIETNIHARIMaip T TigunglidinIga
A < . . =
189NUUY (Freezing point) 1-2 DIy aLsaIN[3]
Qdy o 9 a A a a o Y
gangitvgi ldiuuanGergansganla il

a [ 14 1

ANI0PATLOLINMIUNTIVOINAAN UN ﬂﬁ!lﬁﬂ,l%\i

A

2 3 ada A
2111591 UITNITOUBNDIHITINOIATLHLLINIUD

a o 2 - vq v "y Y 2
nannwaieImIsngnoven 13 1dnseglduiuyn

]
= o v

ATZUIUMIUBUTI01115 30T UATZUIUMS Ay
ashmm‘umqwﬁmmmmmswﬁu%a
v o2 g A
NTTUIUNITUSLUI 1Y UNTEVIUNTNVD LKA
< I P 1 a
maluervisezulsaniwmiluved Sen31nsine
3 g . 1
TGLDRIGN (Ice crystal formation) [3],[4] 8NN3
a = ¥ 2 3 ' A
msnanani ooy 2 ¥39 Ao
a a = %’ <
1) MINAUNAYTULUI (Nucleation)
A 3 g
2) MITANVUIAVDINANI T (Crystal growth)

a =2 1o

3 < a o 2
ﬂ’]jlﬂﬂWaﬂuHL"’UQGI,‘HWQWﬂmma’]ﬂ’]ill‘]ﬂl"’uﬂ"l]g

)

2 "o o [~ .
YUDYNUVOATINITUYLUY (Freezing Rate) [1],[4] g4

a
s

< v o
(Temperature) HAZANNLITIAN (Air velocity) NIDAT

! a 2 "o
ﬂWiLHﬂL%Q vy uagmmﬁsmu ‘llui]gﬂllﬂ?ihlﬁﬂ

. ¥ < o A '
V9991Mel (Airflow) NInuaTlutladendInanonunIn
A o ¢ Y2 3 v 2 g
VDINAANMNO111T NIHHINANNEITUNITUFUVUT
. . o Y =2 ?,’ 3 A a 49! = <
(Quick freezing) ey lANaNUMUITINAVUTVLIALAN
1y < " 3 9 . o 4
1A 13 UM IUBIUE (Slow freezing) 9241114
= %‘ 3 A a ds! = [ [ a
wanudsnmayulvalug [51,06] Aawaaslugiln 2
= % g ' ¥ a Yo
Tagwanimdsvalvgrzaianudonieliny
Ea ¥4
9] [~
[¥AAVDIDINT NIUAUNTNYDIDIMITUFUTIAINITD

@

Sa'18@28 @ (Color) [7] uaziilodura (Texture) [5] 1)1

D)
AU

Freezing rate

Temperature CC)

Time (min)

——Quick Freezing ——Slow Freezing

~ o Vg ' V2 g
3‘1]11 1 A5 LEAI0ATIMTUTUTITLHINMTUBUYUT )

)
LRASNITLUBLUUYIB

Teecrystals  Connective tssue Muscle tissue
[

e s ;;-I.‘ 5
&N

Ouick Freezing Slow Freezing

~ =2 % 2 d4a X A qv <
sUN 2 varaniuvainavy e l¥anusilums

L)

]
l!%LL"’lNLi’JLLﬁ%“]SJ'}'] [5]

A9 a = ) X a o @ \
ﬂ'li‘ﬂﬁ‘ﬂ Ieﬂﬂllﬂ'J'lll(ﬂ'f]\?ﬂ]imaﬂaﬁﬂﬂ!m@’]ﬂ'ﬁlﬁf

I A A X ° ] 1od
HUINLIWHUIDUYY 'ﬂ11WQﬁﬁ1WﬂiﬁﬁJ@ﬂ’ﬂ§LHﬂL"lN

a a

=Y , v v
lﬁ]jfglﬁ‘]_ljﬂil']ﬂslluﬂ’lﬂ ﬁQWﬁ1Wﬂ1ﬂQﬁﬁ1ﬂﬂjiuﬁﬂq

@ 0 A 13 A Y
DONUUUNMNUITSUUNITININIUVDIUATDILBLLUN LW'E'JGlﬂ
v A 13 Aa a a g A K1
Ilﬂlﬂ5'E'J\Tl!‘]ﬂl"’lN‘Vlllcljﬁgﬁﬂﬁﬂ'lwsluﬂ'ﬁll*]ﬂ!sﬂﬁﬂqﬁsuu

{ a o ¢ v 3 o { a
TagNHaAA M MITUBLIIGININUNNNAM T LAY



Ladkrabang Engineering Journal, Vol. 34, No. 3, September 2017 31

E4
Whvuevealnsenisivelinenisdiuile Air
A v g oy A A -
Chamber Y9UATDIUFUTIN 1HBIINAT DLV TY
o 3 A
Jagiueimmduinlvasen nvoonsIniAves Air
v a ¥ 4 g
Chamber T§auSanunusud e (Freezing area) U3
lwasenvesormmiui iainaveiuaasaniiea

a o JY [

o g A
VDIFATWINIU W?iﬁ}WﬁﬁﬂmQ’Iﬂill“ﬁLLﬂNﬂNﬂ!ﬂﬁz’ﬂ’)uﬂﬁ

a

o’ XA 4 9 oo A o Yo <
UBLUNADANUNTTUINATEUIURYINU Ulﬂﬁﬂ@1ﬂ'lﬁlﬂu

Tl o o g ¥ a o Y 1 d A 3 o Ay
Timdu Mldraasusideusudalinisudsdan la

° o = I A a 2
anaveny Iuduiulumsfadaunenszateay
¥ 9 S|
Muvun1IuTIeIme tlendanseanns lvaves
91NALUUNYUIU (Swirling airflow) ey Air
Chamber waziiie1n ldanadwins lvasenvesoinea
= o o {
WunaiuauenuaaoantIdaveIdIeNIULINNgA
Tasn1sl¥3snamiaasvealvatFad1uon
(Computational fluid dynamics) INAATETHAA BT
a¥1auudiaes 91a09m3 lvavesenmanielu Air

4 LI~

Chamber Yo A5 0uB1d979 Tae 14 T1)5un5u SC/Tetra

d o A
IDI¥UN 13

= ax %
2. ﬁglﬂﬂﬂjﬁﬂ1§!!ﬂﬂmuﬂ1
2.1 4UU$1909 Air Chamber Yo UA3DITUTI

o . 4 -
Z‘T%}NLLUUiﬂai’N Air Chamber Bumm%uwwuam

a

VYU 995x1120x500 mm’ NIV 10INALEY Tidu

' 7 A < Y 9

HIUFUENA1 500 mm Taghio1nendu Inaauuu
Y04 Air Chamber 1182 111800nA1UA19UDY Air Chamber
H ' a A 4 2 o
14 25 A9IN0ONDINA VYUIANUN 5x830 mm’ W&
a dy A [~ [ A o EY =3
VInunuRusnd awdaslugdi 3 iimsiuiin

v S W ~
HAANTA19A31N13 1M aveI91n s NN19POABINA
v
#1UA19UDQ Air Chamber 114 25 ¥994N1990N01MA LAY

' ' ' 3 o 2 9 & A 4
LW]ﬁ3’:"]ﬁ‘)\1Llﬂﬂﬂ?ilﬂﬂﬂuﬂﬂﬂlﬁuﬂa@ﬂﬂlﬂu 10 WUN

=t

A A = X N A

(Wunuada danuiued ) awaasluglin4 Tagyn

A 4 4 o =2 9 a A Ao 2

HuAnsutuiindeyativuaNuRmINY 5x83 mm
v

310U IF1)5unTN SC/Tetra A5 190V UT 1A DIV Y

2 A4 o ° a 4 '
(Mesh) YU LW?J“VI1ﬂ1§ﬂ?u')mllﬁ&’]!ﬂﬁ%ﬁﬂﬁ@]ﬂqﬂ

(4]

995

(=]
=1
wy

Product
b e B e B R e il | Froduet infel

\Conveyor Belt

o N O o N N = B |

a o . A v 2w
5UN 3 1UVUT1999 Air Chamber YD9LATDILFLAIN

u a

HULAN

VWU BRANWIPIBITGISMIIZNIGIE 765 43 21

T

—

[ .

1120

4l
{ o = o g

a & 4 o [
31]7] NWUN 1!‘VlﬂWﬁﬁ‘W‘ﬁﬂ10@51ﬂ151ﬂﬁﬂ]®\1@1ﬂ1ﬁ“I/N

L 4
250 Wun

S

A15ATIEHANNIUBATLVOUNY (Mesh
Independent Analysis) Lﬁamgmuﬁmmm%ﬁﬁmm
mazay 18a2 19U ns1a09us 4 vua Hia
a21B0AYBINBBNEIMATLANIARY WUV 104
WYUUIA 0.3125 mm S1HIU 10.5 AIUDANUA VAN
mngzaunalundveanai dmunauasnadninld
1NMIAMUIN
2.2 wasnansvadlvamamuie

TusruddednauenisaIvIvLuuIIa0 g
turbulence model Tasfvualins lnavesormeaniuy

uuuuoe 1u'ld Alanumuuiunan Usenelide

Product Inlet



32

o

AasaanseUs U0 34 aUuN 3 Aueteu 2560

A v @
AUNITN (1) FUNITBOYUTNYNIA (Mass  conservation

equation)
ou.
L 0
oX;
HaTENNISN (2) UM ININUAN (Momentum
conservation equation)

ot OX

0 aui auj

+_ _
ox ox, lox,  ox,

-pgiAT -T,) (2)

j

E=
IS
x

Coordination (m)

[

Velocity of flow in X; -direction (m/s)
Time (s)

Density of fluid (kg/mB)

Pressure of a fluid (Pa)

Viscosity (Pa-s)

© T - v ~

Gravity (m/ sz)

Coefficient of volume expansion (1/K)

BRI SN

Temperature of a fluid (K)

—

o

Reference temperature of a fluid (K)

2.3 ﬁmuﬂﬁeu"lwammﬂ (Boundary condition)
MssuanIa1eg 119unssiuiuradns
ANNSIanvesens 1as1ysunsy SC/Tetra thonld
MIAIUIUIDUAN1IZAIT (Steady-State) HIHUAAT
AMANLTAYDIDINA (Air properties) 19N QRN
(Temperature) AMHUUY (Density ) AL ANUA
(Viscosity) Faaaslumaed 1 nazfnuasiiou'ly
VLAY 19 IMAIAT N0 DN N (Inlet

and outlet air boundary conditions) aanaadluaisian 2

M3197 1 QauauiaveIoIna

Air properties

Temperature -15°C
Density 1.30410 kg/m’
Viscosity 1.64720 X 10~ kg/m-s

d‘ 1A d’l A 9
A1919N 2 mmau'lwawumrmwuwvmmnmmmmz

NNOVNDINA

Inlet air boundary condition

Flow rate 2.85885 m’/s

QOutlet air boundary condition

Pressure 0 Pa

v . A ' < Y

3. M315u1/39 Air Chamber voun5o I UTI

a$1aunvusiaseansdSuige Air Chamber V09

A 2 Yy a & ]

15 0IUFLIINT Aron1TAAaILHInTz 0@ 11

MuvuveImatioima luuyusiaos Air Chamber
A 3y a o A

Yo unIo s uuuan aaaaslugli 5 Taons

' Fa '

Mruanalsane azardeu lvveuivavesiun

N199101MIALAY N19PBNDINIAAINNNNITNAADA

$1a0angAnssuMs lraveseme uaziiwamstiuiin

891351715 lvavesemanieeenulieuieudy

sgnNuuuasuautaznuliuilga

[J Air inlet

Produect inlet

! [ . 4 v 39
gllﬁ 5 11U VI1A09 Air Chamber ﬂlﬂﬁlﬂ%ﬁ]\?u“}flﬂlﬂfﬁllﬂﬂ

SIETHIEN

4. wamsmuaazmsenilse
° o d

4.1 ¥anMsNavnNBUNITVBIANMSIaN

Tl'lﬂﬂ'lﬁﬁ?‘ll')ﬂlllﬂﬂﬁ?ﬂﬂ\?ﬂ'lﬁvlﬂﬁ"’ﬂﬂﬂﬂ'lﬂ1ﬁlgu
mMolu Air Chamber UpuAToUFUTIRUDUANLIAZ

@ o o Ay Y ° o
LL“]J‘].I‘]JT].I“IJ?Q u1WﬁﬁW'ﬁﬂqﬂi]"lﬂﬂ"liﬂ"lu?m&ﬂﬂi]"lﬁ@ﬂ
@ <3

muﬁm1u3ﬂuuummﬂaum%ﬁumﬂ’nmi’mu (Contour

o I~ o o <
Velocity) muﬁmslugﬂw 6 LAAINDUNITUDIAINLID



Ladkrabang Engineering Journal, Vol. 34, No. 3, September 2017 33

AN NAMUININA1VDIAINEN Air  Chamber 1U
FLUIY y-z NAWHUI X = 560 mm WUINMT IMaves
I a
21MAEUN18IY Air Chamber (DANT 1MAVDIDINA
Y
HUVHUIUNUD e uANaz D UV ua
1< Y v J < o
iy IanluaeuiisvesnnuEravve U0
o a <
suvdSuilye mams lvaveso sy uryuIuEanad
i 1 ons1ns Inavesormaniseoneimalalds
a dﬁl = 1 3 Ao 3 Aa
VI NANUNUTI Toa1m3 Tnasenvsiometdun

v Y
ﬂ’)nlfﬂj%ﬁllﬂﬁuﬂaﬂﬂﬁﬁWﬁ’ﬂﬂlﬂﬂZ"HEJW”I‘L!ZJ”Iﬂgﬁu

original model

Velocity [mfal
36.16
3254
2803
25.31
21.70
18.08
1446
10.8%
T.23
3.62
0.00

1 o o < [J
s 6 ﬂﬂuW?iﬂlﬂﬂﬂ?Wﬂ!i?ﬁNﬂJ'ﬂ\?!LﬂUﬂ”Iﬁi‘]\?ﬂ']ill‘ﬂﬁ

G

M UANIazU YU

4.2 5ﬂ51ﬂ1511ﬂﬂﬂlﬂﬂﬂ1ﬂ1ﬁﬁﬂ"lﬂﬂﬂﬂinfnﬁ”llﬂ\i Air
Chamber
o = v 21w ¥
ﬂﬁi'U‘Ll“I/'IﬂNﬁﬁW‘ﬁﬂ'l’f]ﬁi'lﬂ']iVl‘Hﬁ"ll’fNﬂ'lﬂ']ﬁ‘VN 250

[l
=

v Y v
NUNN1900NDINIAVDY Air Chamber NusazNUNY

ke

e

A =1 1 o [ 4 o A Y
NUNNNDDNEININU WﬁaW'ﬁﬂ”liﬂWu'JﬂlﬂblﬂiﬂWﬂ
o <3 .
l!ll‘]J‘I]TG’IE‘Nﬂ?illﬁﬁmft)\ii‘]?ﬂ”lﬁlfJUﬂWﬂGlu Air Chamber
A T3 9 a @
"’ll'f]ﬂlﬂ5'E]QLL‘H!L"’UQQQLL'U‘UL@NLLQ%LL‘U‘U‘]JTU‘]JEQ Qﬂ
ﬁ'llﬁu'f]ﬁ}'lﬂﬂ"]sll'E'NWﬁﬁ')ll"ll'E'Né}ﬁﬁ'lﬂ'lﬁhlﬁﬁsllﬂ\iﬂ'lﬂ'lﬁ
(Total air-flow rate at the outlet) ﬁmwaﬂmmﬂiunn
A 4 ] ' v oA = o A A
NUNUDT a SNUANNDDNHUANT 1 DIVANT 25 13BN
4 X 4 Ly o A ® o A
AUNTEIMNIWUNLDD j AN NDONTANN 1 DIVanNN 25
WU'j']Nﬁﬁ'nJé}ﬁﬁ'lﬂ'ﬁll'ﬂa"Uﬂq'f]'lﬂ1ﬁﬁ1/l']\3'f]ﬂﬂﬂ']ﬂ1ﬁ

. 4 13 Y o
Mol Air Chamber voun50au3ndIRDTD1/5

AnNuuVay 31nmMsfieuneuaivesa UL euU Y
Y Y
115§ (Standard Deviation, SD) milmhlfuuudiass
@ = I A A
puulsudgetinis lnasenvesemimduniaiiuy
AXNANDNUAADANTIAAVOITIINIUNINA I

HUUIIBRWLLAN Aduaad lua1519n 3

A15199 3 Nai’JiJETGIi?ﬂ”lihlﬂa‘llﬂ\i’t’)1ﬂ1ﬂﬁ1’lﬁﬂﬂﬂ

X 4 = & 4 .
mmﬂiunwumtm a INWUNLDT

Total air-flow rate at the outlet (ms/s)

Surface  Original model Improved model
a 0.26219 0.26448
b 0.27386 0.27666
c 0.28919 0.28921
d 0.29938 0.29691
e 0.30445 0.30139
f 0.30452 0.30176
g 0.29964 0.29779
h 0.28944 0.28957
i 0.27414 0.27656
j 0.26204 0.26452
SD 0.01666 0.01440
5.a71

HANTZNUIFIAVINNT 1HaveIeIMAILUNUI
] = =3 = Y a d’! 4 3’, o
Tyeusansznanassliinavula nalusvudiasa
< 4 1
Mg lnavesermendunisly Air Chamber Y0 31AT 1%
<3 Y a o 1 I
uisfauuuaunazuuulsulse edralsnainlu
v
nuusiaeens luvaunuliule dromsaadang
Y k) Y Y
aszagautn ldmuumadema 1nams lvasen
vosomAduRNaNua AN uaasanIdave
v Y ¥ v
AWM VTY 13.57% (HorReuainaluieouny
WIATFIUVDINATINEATING 1M AUBID1IMANNII00N

0IMANNULLTIAOUAN 0.01666 ﬁJu 0.01440



34

o

AasaanseUs U0 34 aUuN 3 Aueteu 2560

6. Dadnssnszma

AMZHITOVOUDUAD 1ATINITNAUIANENIN
yamnsiens3seuaziannd msuningadvng sy
(NSTDA University Industry Research Collaboration)
Tagd1gimuidadanaziinite d1inauwan
Inovenaasuavinaluladurana (@me.) 1l¥ns
avuayuIuNaIUIY 1Az YRV UAMUTEN M UEAIN
Wszma'lng) $15a #1dToyaneiifvadeaty

ao 2 Y o A
N1UI98 iﬂhﬂﬂiﬁﬂilﬁﬂ‘ﬂi'ﬂﬂniiﬂﬂ(ﬂﬁﬂﬂ

Y Aa
7. 1©NA1391993

[1] Luis A., et al, “Cryogenic and air blast freezing
techniques and their effect on the quality of
LWT-Food

catfish fillets,” Science  and

Technology, Vol. 54, pp.377-382, 2013.
[2]  Patrick Dempsey, Pradeep Bansal, “The art of air
blast  freezing: Design and  efficiency
considerations,” Applied Thermal Engineering,

Vol.41, pp.71-83, 2012.

[3] Lilian Daniel Kaale, Trygve Magne Eikevik, Turid
Rustad, Kjell Kolsaker, “Superchilling of food: A
review,” Journal of Food Engineering, Vol.107,
pp. 141-146, 2011.

[4] Lilian D., Trygve M., Tora B., Elin K., Tom S.,

“The effect of cooling rates on the ice crystal

growth in air-packed salmon fillets during
superchilling and superchilled storage,”
International journal of refrigeration, Vol.36,

pp.110-119, 2013.
[5] Lilian Daniel Kaale, et al, “Ice crystal development

in prerigor Atlantic salmon fillets during

superchilling process and following storage,” Food
Control, Vol. 31, pp.491-498, 2013.

[6] R.M. Khadatkar, S. Kumar, S.C. Pattanayak,

“Cryofreezing and cryofreezer,” Cryogenics,

Vol.44, pp.661-678, 2004.

[7]1 Abdullah A., et al, “Freezing of fresh Barhi dates for
quality preservation during frozen storage,” Saudi
Journal  of 2016.

Biological ~ Sciences,



[ (% ==
MIann 5 IMI IHavesmsSae
d A d d
TuasananlaslaglFailosans
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Hard Disk Drive by Using Spoiler
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Abstract

The installation of spoiler that strikes the (Head Gimbals Assembly: HGA) in hard disk drive, that
causes a vibration on the HGA and also causes the positioning errors. Filling helium gas in the hard disk
drive is helpful for reducing the strikes force on the parts in hard disk drive. In this research, Helium flow
in hard disk drive (3.5 inch with 7,200 rpm) is simulated by using ANSYS fluent v.14.5 software. The
results show that the velocity profile of the width 25 and length 30 millimeters spoiler is the most suitable
one that reduces and divert the helium flow which strikes the HGA. When the flow of the HGA reduces,

therefore the vibration will reduce as well.

Keywords : Hard Disk Drive, Computational Fluid Dynamics, Helium Flow
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Air Flow’s Enhancement
In Impingement Tunnel
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Abstract

The air impingement technology has been used in frozen food industry
for decades to achieve rapid freezing that can freeze the food with better texture
than conventional freezing. In the freezing process the determined freezing time
must be selected from the longest time that frozen food temperature is reached -
18°C. To minimize the freezing time variation from different locations along the
conveyor belt’s width, the pressured chamber was investigated using
computational fluid dynamics. The SST, k-o turbulence model was used in this
study. Changing the geometry in the pressured chamber with baffle plates
impacted the exit velocity from impingement nozzles, which can deliver better
average exit velocity and variation. The mixed model of existing with 2 of
P532.5 for 3 chambers impingement tunnel freezer gives a 22.2% better
minimum exit velocity than the existing model, and a variation of exit velocity
2.53 times better than the existing model.

Keywords : Impingement freezer, Computational Fluid Dynamic (CFD),
SST, Pressured chamber, Impingement nozzle, Exit velocity,

Vortexes.

1. Introduction

The freezing rate is one of the
Important factors to the quality of
the frozen food. A slow freezing rate
creates large ice crystals, and
damages the food cellular structures,
which produce bad food texture [1-
4]. There are several techniques to
achieve rapid freezing with smaller
ice crystals such as microwave
freezing [5], ultrasonic freezing [6-

11], impingement freezing etc. The
air impingement technology has
been used in various processes,
such as the drying process of textile,
the annealing process of glass [12],
and the food freezing process, to
achieve better freezing rates by
directing the high freezing air
velocity against the food surface to
break the insulating boundary layer
which surrounds the product [13,14].
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In frozen food processing, the
freezing time depends on many
factors which are the characteristic
of food such as thermal
conductivity, shape etc., freezing air
temperature and freezing air velocity
[15]. In the normal practice of
operation, freezing times for tunnel
freezer are determined by the
slowest freezing rate along the
conveyor belt’s width to ensure the
core temperature of every piece of
the frozen food is under -18°C.

Freezing test on Shushi shrimp: 10 g/pcs

Fig. 1 Shushi shrimp freezing time.

In the example of the Shushi
shrimp freezing process, the slowest
freezing time is 8 minutes and 10
seconds, while the fastest freezing
time is 7 minutes, as shown in Fig.
1. The 8 minute and 10 second
freezing time gives processing losses
which are the throughput loss and
quality loss due to the product over-
freezing at -30°C.

There are many alternatives to
improve  impingement  freezer
freezing performance such as the
nozzle design [17-19], the efficiency
of fan, the pressured chamber etc.
The good pressured chamber design
generates high exit velocity in
Impingement tunnel freezer which

can be between 15-60 m/s. The
numerical simulations are widely
used to analyze the heat transfer rate
in the air impingement technique.
The exit velocity depends on many
factors such as the nozzle design
[16], the pressured chamber, type of
fan etc. which impact the heat
transfer rate.

Changing geometry in the
pressured chamber is the proper
alternative for a quick solution
without any big modifications in the
Impingement tunnel freezer.
Therefore, changing the geometry of
the pressured chamber is the focus
area in this study, and can be done
by air guide vane, air entry channel
[20], or air baffle plate [20-21].
Introducing the baffle plate in the
pressured chamber is the scope of
this study.

2. Material and Method

In this study, the impingement
tunnel freezer contains with 3
pressured chambers with low
freezing air temperature from -35 to
-60 °C as shown in Fig. 2.

Fig. 2 The single module of

Impingement freezer.
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2.1  Numerical Analysis

The numerical simulations are
carried out using the commercial
CFD ANSYS version 14.The air
flow, exit velocity and turbulence
filed use the Shear-Stress Transport
(SST), k-o turbulence model to the
analysis which give an acceptable
prediction [21]in the pressured
chamber as the boundary condition
as shown in Fig. 3. Boundary of
chamber was set as a stationary wall.

Fig. 3 Pressured chamber

The turbulence model was used in
this research. Incompressible fluid
and constant density was also used in
this simulation. Mass conservation
and momentum conservation
equations, as following, were used.

ou.
ZZio 1
o @)

~ Ou.pu, . ou.
oy M b, O pou | My
oX;  OX

ot OX; oX;  OX;
_Pgiﬁ(T _To) (2)
x.  Coordination (m)
u, Velocity of flow in x-
direction (m/s)
¢  Time (s)
o Density of fluid (kg/m°)
p Pressure of a fluid (Pa)

u  Viscosity (Pa-s)

g, Gravity (m/s?)

B Coefficient of volume
expansion (1/K)

t Temperature of a fluid

(K)

T. Reference temperature of

" afluid (K)

Four type of elements were used
to calculate and compared with the
experiment  results.  Tetrahedral
element was chosen to use in this
research. Because it gave the
minimum error when compared with
the experiment result and it’s also
take less time to calculate.

There are two types of baffle
plates applied to the analysis as
shown in Fig. 4. The baffle plate
dimensions are 433 mm with 20 mm
thickness, while the perforated
baffle plate has 10 holes with 20 mm
diameter. The vertical gap between
baffle plate and the pressured
chamber is 10 mm.

(@)
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Diameter : 20 mm —

(b)

Fig. 4 Baffle Plate (a) Baffle Plate
(b) Perforated Plate

The pressured chamber has 154
nozzles with 20mm diameter. There
are 11 nozzles along conveyor’s belt
width (R1-R11) and 14 nozzles on
another side (C1-C14). The five of
baffle plate models are P192.5,
P227.5, P362.5, P447.5 and P532.5
and five of perforate plate models
which are PP192.5, PP227.5,
PP362.5, PP447.5 and PP532.5. The
numbers of all models are the
distance from entrance edge as
shown in Fig. 5.

(b)

Fig. 5 Pressured chamber with baffle
Plate (a) P (b) PP

Property of air used in this
research shows in Table 1.

Table 1 Property of Air
Property of Air
Temperature -15.0C
Density 1.37073 kg/m’
Viscosity 1.6472 x 10”
kg/m's

2.2. Tools and equipment

The TESTO 545 portable data
logger was used to measure the
average exit air velocity, as shown
in Fig. 6.

Fig. 6 Exit air velocity measuring
device.

3. Results
3.1. Air Flow

All simulation models of the air
flow in pressured chambers show
the vortexes in different locations in
the pressured chamber, as shown in
Fig. 7 and Fig. 8.
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000
may)

Fig. 7 Air flow in pressured chamber
(a) Existing (b) PP192.5 (c) PP277.5
(d) PP362.5 (e) PP277.5
(F) PP362.5

3.2 Exit Velocity

Exit velocity as show in Table 2,
is the average exit velocity along the
conveyor belt’s width of one
chamber of the tunnel freezer.

Table 2 Exit velocity 8 Cutoff
pair interactions on GPUSs.

Exit Velocity (m/s)

Model

Average Variation* Max  Min
Existing 12.29 1.64 1418  9.59
P192.5 13.48 4.12 2341 892
PP192.5 12.98 3.07 20.67 845
P277.5 13.38 3.51 20.02 10.07
PP277.5 13.44 3.51 20.08  9.96

P362.5 13.21 3.04 1754 9.45
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PP362.5 13.07 3.07 1761  9.38
P447.5 13.21 3.04 1754 945
PP447.5 13.06 2.36 16.70  9.80
P532.5 12.78 151 15.15 10.67
PP532.5 12.83 1.64 1534 10.50

Remark: *Variation: Calculated by
standard deviation of average exit
velocity

All models give the average exit
velocity higher than the existing
model. However, only P532.5 and
PP532.5 models give lower variation
of exit velocity than the existing
model.

4. Discussion

All simulation models have a
vortex effect, which negatively
Impacts the variations of exit
velocity. The mixed model for 3
chambers of this freezer is presented
to minimize the variation of freezing
time along the conveyor belt’s width
as shown in Table 3.

Table 3 Exit velocity for 3 pressured
chambers.

Exit Velocity (m/s)

Model

Average Variation Max Min
.3. 12.29 1.64 1418  9.59
Existing
Existing
+ 2 of 12.62 0.65 1344 11.72
P532.5
Existing
+ 2 of 12.65 0.71 1346 1161

PP532.5

The two mixed models, as shown in
Table 3, can deliver better minimum
exit velocity and variation.

5. Conclusion

The negative impact from
vortexes could not be avoided in all
simulation models. However, using
the baffle plate to change the
geometry of the pressured chamber
gives positive results in the mixed
models as shown in Table 3. The
mixed model of existing with 2 of
P532.5 for 3 chambers impingement
tunnel freezer gives a 22.2% better
minimum exit velocity than the
existing model, and a variation of
exit velocity 2.53 times better than
the existing model.
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Abstract

The mass transit system is supported by Thai Government which expands its in Bangkok Metropolitan Region for
serving the growing urban areas. This research focused on the south extension of the metro green line, with total distances of
about 35 kilometers and 31 stations (Mochit station to National Housing station). This research studied operation pattern by
Communication Based Train Control systems (CBTC) with an application of a simulation method which considered
infrastructure, turn back point, rolling stock, and headway (service) that all affect the performance of service. Simulation
results showed that a short turn operation solved passenger unbalances that occur between the existing line and the extension
line. However, “knock on delay” under the short turn operations, was possible with the increasing of a headway, so the
operator of the mass transit should consider turn back point management to reduce the impact of the knock on delay. Hence,

in case of double passenger unbalance, the operators should apply 2 short turnings.
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Abstract

This paper presents a reversible lane system improvement of Phetchaburi road from Mitsampan
intersection to Asok-Phetchaburi intersection. The length of reversible lane is 280 meter. Currently, this
reversible lane system in this study is not effective because it is controlled by traffic policeman that lack
knowledge in traffic engineering. Consequently, this research is using the fix time interval to choose a
direction that are get permission to use reversible lane and compare the result before and after
improvement from VISSIM simulation. When the reversible lane system get improvement by using fix
time interval measure. As a result, the throughput vehicle of the selected direction that use reversible lane
in morning peak hour at 7:15 - 8:15 a.m. is increase from 2,772 pcu to 3,130 pcu (12.91%) and at 8:15 —

9:15 a.m. is increase from 2,700 pcu to 2,788 pcu (3.26%).

Keywords : Fixed Time Interval / Reversible Lane System / VISSIM Simulation /
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Abstract

An elevated mass rapid transit construction project is a large and complex infrastructure project. The
schedules of such projects are often prepared by using superior software such as Primavera and/or
Microsoft Project. That is, work programs are calculated based on Critical Path Method (CPM). Since the
construction of an elevated mass rapid transit project is considered to be repetitive with dedicated resource
assignment, scheduling with repetitive construction approach would be more advantageous. Several
researchers suggested the benefits of scheduling with repetitive construction as maximizing resource
utilization with minimum interruption in on-going activities. Its diagram allows clear-cut communication.
This article presents how the construction of an elevated mass rapid transit can be scheduled via repetitive
construction approach using MRT green line Bearing-Samutprakan section as a case study. The result
shows uninterrupted schedules of substructure work, segment installation, and the construction of station
teams as well as the number of resources required under given technical constraints contract key dates. All
work programs are shown in one-page format. Floating time of each construction zone can be determined.

Finally, given work schedules in a one-page diagram, an alternative resource utilization becomes evident.

Key words : repetitive scheduling , repetitive construction, elevated mass rapid transit, MRT project,

green line
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