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Design of a Pulsed Electric Field Treatment Chamber

for a Liquid Foods Pasteurization Process

Pimporn Sen-in', Praewpan Pinchai', Oraphan Chaekoe',
Artit Yawoottiz, and Panich Intra®

Rajamangala University of Technology Lanna, Papong, Doi Saket, Chiang Mai 50220

Abstract

In this paper, a coaxial treatment chamber for a liquid foods pasteurization process using
pulsed electric field was designed and numerical studied. A computational model of the treatment chamber
was developed to investigate the behavior of flow and electric field distributions in this study. The incom-
pressible Navier-Stokes equation and the Laplace’s equation are numerically calculated with a commercial
computational fluid dynamic software package, CFDRC™ for the flow and electric fields, respectively.
The software was based on finite volume method. It was found from the calculations that the maximum of
electric field strength inside the chamber was about 1.845 x 10, 3.689 x 10° and 5.534 x 10° V/m for the
inner electrode voltage of 10, 20 and 30 kV, respectively. For the maximum of flow velocity, it was about
1.451,4.214 and 6.975 m/s for the food flow rate of 1, 3 and 5 L/min, respectively. Prediction of flow and
electric field profiles was particularly useful in the design and modify of a coaxial treatment chamber for

a liquid foods pasteurization process using pulsed electric field.

Keywords : Liquid Foods / Pasteurization / Pulsed Electric Field / Numerical Simulation / High
Voltage
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gmamadlutiagtudosriunssndsang Tunns
Mlazeauazdvasaudmsssmssguilnali
anige deluileqiufivensds wu miwaeeslsd
(pasteurization) N3aAB5L5T (stererization) 1Tudiu
nmamaaeslsfifunshiagegadwlusmisivan
Tneldanasouriasiouledsineg sraioqaundsa
vlHiinlsn aungditldioslaiiu 100°C Tassou
Tnainswaaeslsfomsmarazldgumngiilinni
63°C uazavagiignmpfiilaitionndn 30 wit (low
temperature long time) ’Q’lﬂﬁ'uﬂ’]‘lﬂ’ﬁma’ngﬂ
vlHiuaniufiigungil 5°C wiamni Tagsnansa
Hasiulaildaadnaiyfilaluiissesnamilausans
pnIdsagaTuiu FotfuFefistlomidenmnsiides
Sudszmududsedualidaansafiulildunu  wu
wn waldl Wudu ewnsmaafisunswaeeslsd
asdaLfiuiigungiishngt 4°C vide qungRgiu e
fudansvensasalad [1]
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IVIMALLVYIaNTINTEUDNTBULNUIIN  (coaxial
treatment chambers) FMSUNTTUIUNTWIELRDS
Tsgormsmaiildauinlnwituuuiad Tasasfnm
woAnIINLATANBULANTNTEILMBIEUIN NN
uazsunnsvazesaslnanslusioszindeainnig
Jisziaunlniuazauinnislnazaszedlvadiia
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=

Funmslusipszngasmslsunsudnsaquililuns
AUIUNIFUNAAERSTRIINA (computational fluid
dynamic, CFD) %38 fii3uni1 CFDRC™ #ildisziuy
35139 anuunAEn1sUsNnsRulee (finite volume
method, FVD)
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(pulsed electric field treatment) ﬁamiﬁﬁ'ﬂl,%a
'«ga%wﬁﬁaryfiummimmﬁwm:mumiﬁLﬁn‘[m
Twiadiu (electropolation) Fifunszurumsvinaiy
L?jaﬁumaﬁ (cell membrane) launsifinAIAHLN
Wil (electrical conductivity) wazAan weaNlnin
(permeability) mam?iaﬁumaé TasmsufinenaNLn
1‘W‘W’]LL@:Nﬂ’]WﬂﬂN\lWW’]"ﬂa\‘lLéﬂﬁuLﬁ@ﬁﬁ’m’]iﬂﬁﬂ@i
Tasnsldmunlnihfifidnsus duvadniodugie
naninannsIetasgusssulnildiudidnlnga
Afenudinaunlndin (electric field strength) qo
dszana 4 x 10° V/m uazfanwusiduiadluzie
Uszannl 10 ns 9 20 ps Fomualwihuuuwadi
fanudugeiiadonailiusesulniiniinnasenide
HuiasiAgeiuniidianuasusladidinndn
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(pores) L&NY ﬁhmumﬂ%uﬁl,?jaﬁumaﬁ WU
é'f\mmw:ﬁﬂmjm:mumimwaomaﬁ (pro-
grammed cell death) Tufign Tasuseduluitiiian
mfﬁmLﬁaﬁuL’naﬁmmiaﬁwmmlﬁmn [16]

Vcell = frcellEcell (1)

Suspending fluid

Cell membrane

Cell fluid
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Wansnelunisesnuunlueudded Ao
sanuuuavsdslusmamadfssun iy
WagaMSunIzuIUNIITWIaR 5 l357 IHwdesusn
Mnzandansviussduesufiiinng Tauld
waluladfivuny NN&’M‘JUﬂ’]ﬂ“N’]uﬂ’]EJIu‘U‘L,LVIﬂ
uazanm e nalilaiansedseing dodu il
Tussqihmaneiidslvioszindes fssnuuutuss
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spp. MNNIEUIUN1IBENInslnstuilgnaninilu

Fr9guaInNNasauN NI A luTipRTaa
FouAININNTY 4 x 10° V/m [2 — 4]

59N 1 WaulslunisesnuuulagsingasiasriinY

Woulalumssenuuy UL

Anudupsrunlniin 4 x 10° V/m

usesulniiidadidnnge 10 - 30 kV

ANwdTRIRad 10 - 20 kHz

Fndluiin dau9n

L‘T;aﬁgﬂﬁwﬁﬁﬁ'ﬂ Escherichia coli, Listeria Wae Salmonella spp.

ANAUTDIVAININTU 1 bar

fnnsivazeseavad 1-5L/min
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awufiianufuauulwiinfisewaiiiailesiuns
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Jeulzlunseenuuulassiamesisszindsluumany
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To pulsed
high voltage
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unnaniliiaoiun1sine 0981913
WRILATAANITTINGITIRLATISY wasiie iy
sroaldegnuanewndy Toumeluvessinga 05
Havingszninindidninsadulunasfuusnwiiu
10w, s wsauulwiilduendasdninsaduly
wazuanaanINiuriaNmUasy (teflon) wiafidun
41 polytetrafluoroethylene (PTFE) lazindasuiien
AMNFTUNMULTILINIAT (volume resistivity) HINN77
10" ohm-cm waziiFasizaaladianniawindy 2.1

4. msnaTsisuny i uassunnsinaluy
Woezie
41 suulnia
qunlwin (electric field) waznislvazes
nSTUALWAN (current flow) &1u1saedunaléain
aNN13789 Maxwell's finsouaguannsildnes
(Poisson’s equation) 2a3@ndluiin ¥ fAa [17]
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(Free-space permittivity) H@1Lviniu 8.854 x 107
F/m deaun1silglddwiuufanelian1icund
fousnaunisfl 3 swnsndsuduannisves
a1Uas  (Laplace’s equation) Tuszuuifanse

aa A

NITUBNLUY 2 A AB

19 [ oV 9V p(rz2)
Lo (,oV), 9V  pPU2)_, 4
rar<rar>+322+ & @

FatiuaNNEANANS NN (electric potential)
lalunvanny z uazuudsas r awsasuinldain

B =——-, E=-"- ©)

42 suwnslnazasradlva
nsinazedzadiva (fluid flow) nneludiae
gngoormamadllunsfnei szanyilinislng

meludunsivawuuauuasiuwnu (axisymmetric)
wwsUswossensE wiRalUanRNeE N (fully
developed) LLazLLuulquuéT’smmﬂmurﬁ’u (incom-
pressible) Tasaxnisansdaiiios (continuity
equation) WA&NN1T Navier-Stokes LLuulﬁquﬁamwu
ANAU (incompressible Navier-Stokes equation)
Femwsadeuliegluszuuitansanszusnuuy 2
fnlesed (17]

aun1IANABLiaY
J
S () + 5 (u) =0 ©

84N13 Navier-Stokes:
gmsulunuiwny r

du, ou, u,

u fu ———C =

"or o0z r

LTI R W
p or a or\ror: " oz’ 'ur2 '

fwsuluduiuny z

Oy, O

" al" : aZ - (8)
1 dp <18< 8u2> 82u7>

—— iyl ——(r== |+ —
p oz ror\ or oz’

o w uaz u. AoausSmaspadlualuiun
WAY r LA Z NS p ABANAUTDITBSIVA LAz
ufeanuvilnzasuadlva (kinematic viscosity of air)

4.3 sziisvAsinmsauandeiiey

aun13ft 3 — 8 azlHlunisduruauin
Tfuaznsluanieludessinges desszdoy
A81B9fatay  (numerical method) Taslunis@nundl
1o lUsunsnAuIun s unaransalna
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ubleflymmedunasanszaalva (computational
fluid dynamic) Wannfulapu3sm CFD Research
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Corporation 8 w5U35U5aasduilaefildnisduam
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e firnuasilidnsudaviiug a1nduiei
lnaunIesLdazUFIRsAIgNTia e T uanl#d
wdszneuiudn AsldAascuannisnsoniugu
(system of simultaneous equations) La¥3WWIINT
FIONNIATNANLALNAI] maagﬂinﬂmmﬁ’u Tusunsu

vaa v o

CFDRC™ 1H38msdndiudsiegguinanoeisad

Inlet boundary

Anowwks Jo sIxy
=A

TONIpuod d1[s-ON

98e)]0A 9pO1OIo JoUUL
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Outlet boundary

M) Towwunazidaulzvauizn

fidsniy (co-located cell-centered variable
arrangement) #9vanBAIINIIFIUTANN (dependent
variable) LWazAMANTAIDIING (material properties)
ﬁu’owum:gnLﬁul’aﬁﬁ;mquﬂ’nmwmmaﬁ Tasaads
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mﬁagmquﬁnmwaomaa’ Tunsfnsdasutsuuy
Fapgeanidu 2 & A wuudIassEUINNISIva
(flow field model) wuuTapeau Nl (electric
field model) (flovanguUssesiivniianuausnng
F9lsvimsieasinsanisrasiuuiiaes laslawy
wazidoulazauiavasauinnslratasauInluia
PpavievzIga ﬁ‘[fﬂumsﬁnmﬁmm‘mugﬂﬁ 3
ADNNILATUUAANTA (computational grids) ¥8INTT

AUIUWINAY 9,997 LBaa

(1) PONWATUUDANIA

sUn 3 WoularauialasANRLATULAANTAUNTAUIN

5. HANIANUIUUAZITEINA
T,mﬂ@mauﬁ’ﬁma\‘rnm‘lwaﬁi’ﬁ’lumiﬁ'}mmﬁﬁwum
THownsmadfianamuiuiy (density) Wit 1035
kg/m® uazANninaail (kinematic viscosity) ¥y
113 x 10° m¥s [19] waziualisnIIN5Inazes

2NN NENNAD 1 — 5 L/min w3afinnusa
Wiy 1.327 - 6631 m/s TisUsNTRIAINSY
SRR (uniform velocity profile) maamﬁuﬁwﬁﬂ
finupIneLdin m’mm”mﬁnzﬂﬂﬂﬁ%ﬁmﬁaag”lwﬁw
10 - 30 Alalad wazArsiladiinasnoedarms



MINTITBURLWAUY 95, TN 35 aifufl 2 wweu - Aguieu 2555 261

=

wiaalaelunsd@nsilanyAlrduihunaugedic
Wiy 30 Fefimanasrmunuiasiolyil

51 sulnia

gﬂﬁ 4 UWRAINANITATUIULTNF AT DDINUIN
Twituasdndlnfinnnelukossinges Tasuau&aine
Lo AR 1387 WY waze LLamoﬁoﬁiwgoqmiﬂauﬁo
ﬁwqm ANNRGL gﬁﬁ' 4 (N) WEANANEHUSYDINUN
Tinneludfeszndes fusesulvin 10, 20 uas
30 kv anguuansiiuhauslniindiiadumely
ﬁmmLﬁugqqmﬁu%nmﬂmﬂiﬁwaa%ﬁﬁLérﬂmmﬁ’m
Tufe 1.845 x 10° 3.689 x 10° uay 5534 x 10°
v/m swsuwsesulwindidadisinlnge 10, 20 uay
30 kV ANRIAL  LASWUINENINTEefAaute
SaNpaNTzEESARTivinsndaedasEnlnsasu
Tu Tﬂﬂﬁniﬂw%mﬂ‘[uﬁaomL%a%ﬁm'ml,ﬁugaqm
v3naiididninsasuluuasigaiiviinudibibn-
Tnsasuuen Ui 5 uaavAaadnauslniiuas
fndlnimanuscessadl r, way r, meluviaezin
o viennmadndszanm 50 wufimes Auseiu
i 10, 20 uaz 30 kv A nFUwuIAIANNTNDDY
aunlniuazndlnihddanasmnscessadl was
gu i fiainguauusssuluimiadn gl
fiddEnlnsafidindy Tasmanadamssaunslnin
flehgogaiidszanm 1378 x 10°, 2756 x 10° uaz
4134 x 10° V/m swsuusesulwiiniisadisnlnen
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Basazzasaunlniinasyilinsuieusesulniing
wanzangm3uviaszndaildeanuunilde 30 kv g
i 6 uansamasvovaun i elukoesingey
mngm:Lﬁud'lL'mLma%maaamu‘lﬂﬂwﬁﬁwwvxjoaan
nidininsadnluluauuuasaddnmaasidn-
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