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$193991ma CT scan Mmanuiuazausuvesidonldunannisinluaniigdni 1dend
Juvealnagnimualiidu Newtonian fluid wag incompressible flow WnNAIMA3873
Fluid-structure interaction (FSI) ‘?j'NLﬁuLﬁaﬂﬁﬁmﬁﬂmagj'ﬁW’iN abdominal aorta aufs
liac bifurcation 91nxadwsldmANLIAUIgATIALIMAINTE FSI lA1 0.371 MPa uazka
d$a1n35 Finite Element Method flA1 0.333 MPa @369/ 10.24% anunsatimg
Wisuiflguiuan Failure stress Ydidudaniilian 0.65 MPa. Hadwsuans1sfuYes3s FS|
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Abstract

The purpose of this study is to investigate the hemodynamic effects on the
renal arteries in the healthy man without abdominal aortic aneurysm and maximum
stress on abdominal aortic. Abdominal aortic model was simulated based on CT
generated data. As blood is known to be Newtonian fluid and incompressible. ANSYS
software is used to simulated behavior of the system, which is subjected to
hydrostatic pressure and to the stresses generated by blood flow. The model of a
coupled fluid-structure interaction is achieved in this work. This study provides an
evaluation of the stresses generated by blood flow on the aorta’s wall. The FSI’s
resulted in a maximum wall stress 0.371 MPa and Finite element method’s resulted
0.333 MPa that varied 10.24%. Then the result from analysis would compare to
failure stress of AAA tissue 0.65 MPa. . The result from FSI-and finite element method
were different because FSI'-method are allowed both fluid and solid domain coupled
analysis and transfer force directly. Thus it’s more accurate than applied steady
pressure on aorta wall without vary pressure by aorta diameter.

Compared the maximum stress result FSI 0.371 MPa with failure stress of
aorta 0.65 MPa. Then the safety result is 1.75 this mean abdominal aorta is still in

good shape and safe.
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1.1amuduan

fftheannninduauiidutieieaiunasniden viefiiuniy emsiduidendos
vioslUanas(Abdominal Aortic Aneurysms: AAA) HdnuaizAs WuHIuAUNaIwaLdudon
%14 Renal arteries U Iliac bifurcation fluuauiiuanniudu 50 wWedidus dudondesiios
TWenewansisduddyuesdadseg finszvhentdimasndon Feussiuiliuliaen
Fonvened Jadeiduamenienin 1wy a0y, e, Msguynd, AnuiaunfAvesnisivaiiey
vosladin AfinaselusAuluseduluianasgradu wninuiialalsiiea (Matrix
Metalloproteinaser MMPs Lunguidulssivisuvundsiniwaduazfinuuiagad 01de
svmoudaneAdussadlunisinu fdvamsmaiasuiidgniasunseanauiunisaneglu
519n18), telulat(Cytokines), aﬁiﬁﬁﬂﬁtﬁﬂmiéjﬂLa“u(lnﬂammatory Agents) 1NN
Interleukins wagansiTARNITINFvesNAREoR MIvenuiegureLleaduidenuns
Tneysawutadunnge ﬁﬂiﬁﬂ:ﬂ’lEJﬁﬂ’JmLaENﬁ‘LﬁmﬁaﬂLL@QIﬂQW@ﬂ%LLG}ﬂMﬂ%ﬂA AnUUTINLEY
Fonunaldanesfuanmaiiliaumesnnidudidun 13 Tudssmeansgoism

Wetlosiumsunnvenduien nsitasgidnvazidudenunsdillwes Tasgain
yumduruguinadlvaan tazdnsnisueted tieilazvinsindindnu dmsudiaend
PRFURIUALENaBEu ol Umeuann I 4 wuRwnsaerin1ssnvmuedin diudvae
filnnadusiugudnaduainit 5 wufiwes wielldnsnisvensivesdudonuinnii 1
iwuAlmsAedazuUzi i snwdennsiin anTeau (1] 33 wWeidusvesdlaed
duideauasiswoauanvmnaduiugudnanadosnia 5 lwuiitung azdiuldilsafiflinng
Fudoumuiliaunsofadulfnnmsduisu uasasingemisnisn iy

nsfiliansnsausediuannsvesdilaeld iliiniteidanAnunieafuddsiiivh
THdudeauan wagiinsigigndunse [1] ieRayinudensridaldiuiasd 1s1amise
wusaanuanads Yadenedinm wazdadenna@iniw Jademedianlawn MMP-8,
MMP-9 (Matrix Metalloproteinase funumnansedudenisiadyivlnvonaaduzida)
suddlalala (Cytokines), nsalundn d@udadonenmenmiifinasenisunnveududonwns
TWanes 19y ANNLdsIvewiaantien, mmﬁﬁuaamslﬁﬂmmLﬁugqqﬂﬁmﬁwaam
don 1nnsinwnuinanusurendendinanousfinssinfunlanasadonlaonse 1aa
AsAnwlunasdnvaENIINIsAINTe L d UL Ao LAY snes Sendadudonilan Failure
stress ag'ﬁ 0.65 MPa Tnslanzanuidufinidanasniden naiuinsanyidudenltmes
1n83T Finite Element Method wagFluid Structure Interaction (FSI) launanla@nwiiay
BonilUmes Fesmdensanien, muauung wasmmmuveNiasnidon wiagls
AAnsAnwinisdsunlamesnuduiiiavesiimasndendsliansamaniliogns
wiudlugfienfidudonltenasls



MnmsEnufinuuandfiiiuinnisinavesdeninadetiadoiaiiegluduident
TWawes aghagy mslnavesdeniinisiasuwlasaenadosiuiiode way ivanudui
wilmaondon Tufimafiudunionsiiveadudenilvsing sUnuumslvavesdoniiuidy
Foaund wavanuduiinimasaden Snsiwasunlasaenndesluiunisazauvoslotuly
Eulden fitusudded asdudiunisaneianuduiindiaondendieds FSI, Finite
Element Method Liieaunisnisiszdemnuduiindmasnidon sadafivanuudugn
TumFRTeRanuduiAnTy

1.2 AU aVINELa AU LA

Uszendldinaiian1sdnaeaduiuay nednsisimuiuveintiivasniion wazaius?
Yauden Lne3an1s Finite Element Method LagFluid Structure Interaction (FSI) ioudia
ANl luNITAUIMANIAUYRdUd o ALAdluTeBY (Abdominal Aorta)

1.3 dUNAFIUVDINITANYA
1. msesgimuduresmlaenden Tae3an1s FSI duanuuiuslunadns
unty Wefeufunisieseiuuulnlusedwud Tunsalitiussanvosmaidmatureauds
2. emuduvendesiinarnliinnuAui et uiivaendeniinsasunlas  ues
Aunlintisvasaendenlurewdsliamnsadagule

1.4 YBULUAVDINIUIRY
1.4.1 lwaimind@nvidududeavesaulveguawd biflonsidudenltmes
1.4.2 \Fonfinnautissil
1.4.2.1 uviinuuy 1.059/
1.4.2.2 manumia L = 0.0027 Pa.s
1.4.3 pilaviaoniaon (Artery wall)
1431 anuviuuuy 1.2 9/
1.4.3.2 Poisson’s ratio 0.45
1.4.3.3 Young’s modulus 4.66 MPa.
1.4.3.4 pruvuLadsvendudonuad (Average wall thickness) 1.5mm.

1.5 JUABUNITANE

1. yhmsAnwndeyaiieafuneiniavessameiiiisitesiuauise
2. vmsfinwngufvesvedua uag Finite Element Method

3. ponUUUTLRBUMIMIRAes Tnesnsdenamiifefiieado

a. fAinwwaziSondoyaiililunimeans
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2.1 MuAeiiietas

ninaudreduaziuladn Wuidesldmeddutesios (AAA) Tuldiinasi
NANNITIATIZUNIFINTTLNIIBAATIZRT Y1 AanN15IATIZALUU Fluid  structure
interaction wag3a Finite Element method @sliadnsilnaidsnnuduasanndsiu e
AALNEINSUANT ILdULE BRI ONSVEIITe AR E AT ANSTSUR UananTTatae
WAUINTEUIUNT SN sunndliiluseansainund sty TaglddnisAneiduns
Aenfuidudealanasiusgisunsans GﬁqwaawaJWiaaﬁﬂwaé’qLﬁuﬂlé’oﬁh‘if

Anne Amblard. et.al (2009) [1 lmmmiﬁﬂmwwmmsiﬂmLauLaamim‘waﬂma
msldnasndeniioy (Endovascular Graft) Inewmuisnisiaseianvarn1ssilwaniely
Yoaaaaideniiies (Stented Abdominal Aorta) 28iad 1 Tuduusnlilumavesluaduuuy
Than-Thien and Tanner model antiuldafrslluddawudlunadiliaumins osiass
mslua Wememusulazmnudufinssvhlaonisivavesden Weswnnimeendonina
pggnAan1siraveden N1sAATILYLUU FSI (Fluid Structure Interaction) 3etiunlalu
ull gpnsanemui wuusiasslWludsawudanuisatsdaeosavnsngnndisuane
woAnssuvesdudanilines(Aneurysm) AnulnevasnidoniiesEndograft) wazfauans
Tfuismansenureinislivaendendionfifivualngiuly sudeuansenuresnnuden
MUTTIINLFULADALAN, L ULATIBY ey AU Plaque

Christine M. Scotti and Ender A. Finol (2007) [2] lg¥n1sAnenilasemsnienied
nszslududenlvsnedlugeaiag (Abdominal Aortic Aneurysm; AAA) 917LTU BanLden
LrLIUIMYeTes, ALldon LazauaTRvesrivaanlden feTBnsinTIERLUY FS
(Fluid Structure Interaction) wag CSS (Computational Solid Stress) Wua AL LTINS
waandenTasIzRREls CSS axdiamnianadiléannis Fsi 8el 25 Wasidud, AnuauYes
Bondaaliinnnuduindmasndon Insnnsanasewuiniiuivihdavewdudenilis
wesUsnaLdud LT il AR LS TN waenEen diwaliaududiiingy
unndefilFiainamNeiu Systolic gean

7. Li and C. Kleinstreuer (2007) [3] ¥ns@nen@nwidudonldsnesdildauuing
voududonludesiad N15IATIZINSINAYEUABALUU Transient 3D WAYNISNTLINLHITD
ANAAY WenadnsTsiug T unsIvaveudenuazaAuTinTiasnldvinns AT
Tne FSI (Fluid Structure Interaction) &nwaizvnsiaviadinvesidudonldsneasfivesiios
Usznoulufesuviaeniden, yuweaduidenBifurcation nanisdnassnisivanudi yudine
ponvasdudeniinastranndenisinanyuuludesivvandudon uenaddsiinadonis
AszanefveInIALTINTaenEen

HJ. Kim. etal (2009) [4] vIMn15AnwIn15UseendIsiAsIeiuuy Lagrangian
method e?m%’ugﬂt,wummL%faﬁuaaﬂ'rﬂwaﬁmqaaﬂ lumsiesigsinislualuaiudfvesdon



Tuluszuunasadeniilanuii adivnsesn (Outlet Boundary Condition) dsnasgsunnsie
ANUEIAZAMUTUTENEDN SaaLINITITaNReN1T AT RaNRRfUNITIAS TR Zero-
dimension %38 One-dimension model N sviaureliTIAIAITITOIAUSINAZNS
nszaevesaudiu Tutlgiumnuduiudsnitsanuiifuanuduiivinamiseendill
Hudiuudn

Yannis Papaharilaou. et.al (2008) [5] l#vinns@nuwndudendila (Renal Artery
Stenosis; RAS) auﬁugﬁuqumﬂﬁ%ﬁ% FSI (Fluid-structure interaction) luwpanasnidoniile
#1099 CT SCAN anFugthuamiid SST (Shear Stress Transport) Tamanisluauuy
Hutauldtunldfunisiiassd wuin anuduveasnidenlaiirusuiidnunanevinves
Audenund udesaudunanslifiudenisiiistuvesnisiiuniunisiva vldsnsinisg
Tnaveadenanas Wevhnissaedldidudondion (Stent Graft) wandlifiuin eniinnslua
FrniuRuwAdTesn i deniiung

Zhonghua Sun. etal (2008) [6] lénsAnuwimansznuaes Stent graft fidnase
nslyaveatdon (Hemodynamic) lugthefilonisiduidenldanedlugesiies (Abdominal
Aortic Aneurysm) filsiFunisugnang Stent graft Tuduidenunslutiassios (Renal Arteries)
Tae@nwilugitroaessne uaziUSsuiiou Stent graft 4 ¥iafiunnssiu ngldsusraduidon
fldanndfauny naa1nn1sAsIe Computational Fluid dynamic (CFD) wandlvidfiudn
ANUSveLaenanatantiealy Stent graft wuU Multiple wires crossing LagAINLLSIVDY
Bonldidsuudasly Stent eraft wuy Sinele wire crossing 3slunnsAnwdesiunansi
AanuUaensiglunisugnae Stent graft

B.J.B.M Wolters. et.al (2005) [7] lufinswiuiamnusifsdunisnsgatsveaniny
Audiinausataglunismmainnudsdunisuanveadudestudesioald audui
Aatuiinaunainden, slivaenden wesasuinizlududen Tunsanwdldnsyuaunis
Tnlusiodiud Ineld Hexahedral mesh iiafn®dennnuduiiig, Anududou, Aus
voudon ann1sfnwmudl duneudnuilldfuiianudavguuazidaludalunisadna
Hexahedral meshagdlsimunadnéildiuddeuhluiouiteuiunaddonienadn

31NA5ANEBI LT A BT InUI1 N15ItAsIERd A ALY B IR e naNANS
naransvaslnaaninsatieAnaIaIN e den, Anufufinsyyturasaden, A
Lﬁuﬁﬁﬂﬁﬁu #2835 CFD (Computational Fluid Dynamic), FSI Fluid Structure Interaction)
L% Finite Element Method nseamnasiassiugriufsediefinisiwnmnd waznis
fuauuuSaesfivangautulunavesiiietug Mewediudufivivesineiinug fe
NSANWILATINAILIIDNITIAT TN INaveueLdeonlulduidonteyios (Abdominal Aorta)
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3.1 wann s ludmsuasinludieduud

msesgvideisinluiodund Sudufouddudusenifuedunddesfifieiles
fusegase MIwlsiuduentaziiuusesnfuediuuddvdsunioaumisufitoun
Ty AouudrFudoeniduaumasudesdnadamis AUareIgase (Node) Neuanues
oAudgosnisazeglusuniiiiiininuisuulasgusiswestudi viadumisiiaivan
nsgin

nsimseidamidaiaaviedtlillufofun ssiussavsnmundenfioslaiy
auogfumsauyitlrdumansy dn vidouuusiaesnsnsydnvesodiuud Taevlunaiaas
filsannFBluludiodiuudaslidnisnsgdntosnitmusiunsauaziieliiianuiiladn d1us1
widlassad o etudinaswonfueamustons 1nTuLds navesmsiaszRasdondn
TndwFeihlug (Converge) Hataasiisiunss, maauydilsridunsnszdnasdauaufsed

1. flaidunnsnszdmazdonduilsitusiaitiesmeluedluuduaznisnszdaszning
youleAlUAvIagaRase Al udTAafuIzdesdA Y Feilsdtunedueiiivarzidu
fleftuiiliadoilosnelulodiuudniuiidenis dvfuanumanevesdiuiiassiae s
nszdnveaedudioginiuazsedlifitesinmiadoudu visnsnssdnsyninsediuudly
sollloatu

2. ilsitunisnszdnazdesiiinendlidinisnszdavesinginds Risid Body
Displacement) wedtaditusiagiig n1ansednvaingunieazidunisnssdnludnuaznis
\Aeulldadunss (Translation) #3815y (Rotation) Ala

3. flafidunnsnszdn azdesllimauilviaianuAIoansil (Constant Strain States)
vonoALFREAY Tetmzitiuiiudunielesiaieesniduediuudinung
yosanuSenazilainlndaind

Tunsalitifeddunsnszdavesedumudiulumudoimun 1 15192130071 LoALUAN
dnfuldvdelediuusfiassesiu (Compatible or Conforming Elements) d@auflaridunis
nszdnvoaedumdniulunudedmua 2 uag 3 15198138071 eAUAUIYIA] (Complete)

Tunsfii madiemeilassadavietududeisivludeduuddy Tuuneden
flannisnedusideaifulumuderiiun 1 ua 2 eghslsfinuanuanisieszinandli
Wiuhilsddunsnszdadulunmanzdouls 3 slinadsiithlugnaeasusiunsslduas
flardunsnszdaiiiulunmuanzieuly 2 wag 3 (anuantive 1) Adexldiuialy e
arlirngandnAudunse dganguunn wazliddesnitAudunssmdanguuiunasuag
ffon usdniladdunisnszdatudulunudetiaun 1 fe wlinanasdesniiAuiungg
e nsiSeuiisunaloasveaedmudninuandiniude 1(A) uazvnauaniade 1(8),
(©), (D) gléangudl 1 Welaumd ineenln Inludiodumdlunuimnssu 2555 drdindius
whigansaiumIne1de) Tnevhlueduniifnuausinsuiiauussnisasianaiaas



Anwliuasuane vsenandntnilsifedavgulatosnitszuusde Matiillewnainteu
Ladsduraeilandugusne (Constrained by the Shape Functions) vibviafniuavadiofiuug
RTEGDY

i3 meAnERTRYD | (BRMYUINN)
WoTUR s
ANNARARRDY j
vauNMINIAR o URIALULNURTY

VIRAMUANURYD |

TRAVLUNDUTINN > o
iy MARUANURYD | (BANyUUDY)

TRt 1

JUN 3.1 Mmailddnatassusiunseasiliidunisnsednvedefiuud

3.2 dumsiugnuialuluauia
AUNISVIDUNUS
AwasnavesredinsHameguldluamuifiansadeulieylusuvesaunisids
ouitustosldad

90x 0Txz

6'L'xy z
o T +FE =0 (3.1)
00yxy 6& 0Ty, 1]
2 + 3, + o, +F =0 (3.2)
00y, a"-'yz E (
—r +—ay + y +FE =0 (3.3)

108 0y, 0y, 0, UWNUANULAUIULUILA X, Y, Z AUTIIU UAE Tyy, Tz, Tyz WIUAIULAL
o, Fx, Fy, Fz wnuusedag (Body Force) Tuiuaunu x, y, z AU61AU naansouikiuentas
104ude 919UsTNeUMedeulvveulannate T lne iy N13MMUATEEARDURIULAY
v Turaiitnddug enafinisiivuaiioularesannududinn (Surface Traction) lu
sUnuwhlUde

T =T+ Tyj + T,k (3.0)
10g Tx, Ty, Tz WuAsAUARIluaifaunY x, y, z mudwu geaunsalisulregluguuuy

YOIAULAUL DA 1Rt
Tx Ox Txy Txz](Nx
Ty(=|%™v Oy Tyz|{hy (3.5)

Tz Txz Tyz Oz ]\n,



19 ny, ny, n, Yudirmnalaled (Direction Cosines) ¥paniALmas
n =nyl+n,j+n.k (3.6)

Fudunawmesnmanduia a andsiansaneguu dagd 2 (Usilang wazsiln lnludie

a s

ALuuAlIRINTIU.2555. MU TUARIAIN SRl INg16e)

"

» Tt

JUT 3.2 avuaunasusiuidlag Tunuveaidsauda

3.3 NANULAYEITIU

yoslnaneldrmanduidousgseninausiuseuny 2 uiu Wususzunusuasogiud
LagURUsEIUSuUULAdeuRlaefiuss F - Aswsuszuiusiuuiliinde uiinunull fuusy
sTUnUMuUEnERNLTY U vodlvadiuiinususzunuasnenewinfanduusiuszuiu i
mnsvey Y lslinAewnniuly s wesesivaluusavtuazdosfannaddunuiives
Inausazdundeusiluvuiunewadlvailagdnly vesvadefininndeufilugivosnus

(% [
=

Waduu = UTyImsJﬁ y Wusresitaieminanuaussuuiuastuin dafusudl 3.2 veq
Ivanoginusiuszunusnutuazinmuiis U azvesinadiuilegininusiuszunusuansoss
AsRTueue
flnsannisasuutasgusisesvesvalugisnaiiisnsfuey 8t Miian t veslua
ogfisumnaszuny ABCD e t + 8t veslyasgisumisszuiu ABC'D nmsiinguiTeys
YDUHUNTI AD AUINAN
tafsp) ~ sp=L="2¢ (3.7)
8B fferruedendou (Shearing Strain) way Snsnsdsunlasauiedon
120U (Rate of Shearing Strain,B) Jguan
f=11g(E)="1 (3.8)

du

U . .
sl ope= e = v = [ = (Samswasuudasenufudon)
Yy



HaTeIusINTyiin F o iliiAsanuauideu T = F/A wagvilvaeslnainig

WasuuUaagusnadayy waslidnsmsdsunasanueieadou f Sanaaldin

S,
raﬂ,radyA—rrr (3.9)

v & du = P J 1 [ 1 Y] Y 1 =
MNUU T = ,LLEIWEJ‘W V1 AoA1vesandudndiu lnemluudndoninanumile

[y

duysal (Absolute Viscosity) w3annuniawadn (Dynamic Viscosity) Iniaeidu N - s/m?

3.4 aAnuvilnduysal

aundla (Viscosity) foaudidswasiuaildfuniutennududou uazidunss
Frumuseusadou anunindurainandevediainisiedoud vliusdaundoiszning
I:ul,aqaLLazﬁmiLLaﬂLﬁﬁ'auiumuﬁmwdwﬂuLaqasuaasuaalwa 91NN ANTLaveiinfy
WU andudeududndiulnenssiusamnisiasuwdasemududen mududeuly
voslvanilnedannuietiosssiuogfunnuniemewadluatiude

PneNduTLUSSuduszndedude (T) fusamnisiUdsunlaseiunien
Hou (du/dy) NN 3.2 ANuFueInsIuAaziduffenunilnvesuaalvailmeiiiou

Aatiunlguaunsluguves

T
du/dy

L (3.10)

A 4

Tuindl T Aemnueudeudinsyyintuvedlva 887 FL72 @wheldu N/m? )

du A o

pre AoansiNsasulUasmnueseadeu 408 T @wodu rad/s)

po Aeavuvilnduysalvesvetlva 886 FL72T (ussuu S Swihedu
N - s/m?luszuuinsn ey g/cm - s iseM3enia poise Mguiufe Entipoises)

dmsvvetlnausuiimeliou A uFuNUGTEWIN T wee du/dy vlvauniseningds

De
D

T=M (%)n (3.11)

1ne?l M Foassuiiaae S8R FL72T" @wdeody N - s2/m?)
n AenssviauingAnssunIsia

81 n > 1 nuiwedvaiimuviiaiisfunumududou feenussauveraiiia
1t (uudouiiutu) wihlieuniinveneavaniviu vedvafiingAnssuguil
3un1 vedlnalaawns (Dilatants Fluid) W dwaunste dudy

&1 n < 1 nudmedlvaiienuniinanaadearududewduiu ddgled (Lucite) Tu
nszles aznuanuniavesdranas veslnaiiinginssuduiiondt veslwananain
auum (Pseudo Plastic Fluid)
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3.5 lausdluand

ausiluand (Reynolds number, Re) Aodnsndiusenitusndosdonsuiiossin
anuniinvesasiva Jsfinasednvarnisivavesvedlna nanie wWeoveslvaiiaausas
wuseluands dwedlvaiiruniigedufarldianssluandgeiuduiiuy

Re = usaiden _ p_vl (3.12)

= -
LIUBDIINAIUNAUA u

dnsunisluanieluriananuwudngs nsivasziduluusiulseunaeiila Re < 2100
waznsivanuutuviuagiinduiile Re > 4000 d1m5unastudsunyas (Transition Region)
nsluasnadulsiswuusiussuns swuutiudau

3.6 n1sluaiiinavesnumiin

firrsanvedluafiiuvedadmeniiou nuianméuluvesvatufianuduiusids
Fuiudnsnswdsustasguiaden faduamnududaidenufuiainuaganudy
Bou Faustasnatannsadeulddsd

Oy = —p— %/N-V+ ZMZ_Z (3.13)
N %/N-V+ 2#2—; (3.14)
6, = —p-— %/N-V+ ZuZ—VZV (3.16)
Tty 2\ W = ,u(g—z+g—1;) (3.17)
Ty, = Tpy = u(Z—:+Z—Z) (3.18)
Ty = Tup = (o +3%) (3.19)

inldaunisvesuies-aland (Navier-Stokes equation) funistuanuuausialilaau
Ipaunisluaieiatl

Lop, (w0 oy, _ pu
0x T u (6x2 + 9y? + 622) + pgx = p Dt (3.20)
_® Du | B%u , 9%u _ bu

oyt (6x2 T2 ts 2) T P9y = Py (3.21)
b, (Pu ou oy, b

0z + IS (6x2 + dy> + 622) + pPgz = p Dt (322)
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Shear stress

Pseudoplastic fluids

Dilatant fluids

Shear rate

UM 3.3 NIMLLAAIANUALNUSTEIING shear stress kag shear rate VoIvadlva

3.7 AENUAYDINEN)

3.7.1 AuauURKTvARALREA

e

c
=)
=De

nilsaondeniansanlidu Homogeneous isotropic material ﬁ@mau
M3 3.1

N

A1519 3.1 AauaudRventivaaniian [1]

No WuLdanukag (Aorta) e (Unit)
1 3

1 AUAUILUY 1.2 g/cm

2 Poissan’s ratio 0.45

3 Young modulus 4.66 MPa

il ANUNURAUUDWEULA DR LAY 1.5 mm

Fudunmantfvanadilsainnisveass sg1slsfinamdadulidentas (Artery Wall)
Usznaulude 3 dufle intima, media Lag adventitia anuaulsgnauiulay elastin,
collagen waz smooth muscle Tusnsnduilssfulassadrsthinlugnganssuuuy non-
linear behavior 1Ju homogeneous, isotropic e viscoelactic [1] LLGiﬁlum'iﬁﬂmﬁaﬂma
Tidudenuns (Aorta) Wuvesudslalainsadegula
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Adventice

3UN 3.4 Fulassasivesdiuionuns (Artery wall)

3.7.2 AanURvaNaan

Yl (Fen) fediingAnTsuuuy Newtonian Fluid #slddviunasaidenuuia
Tugflusrenigau anumuuly P = 1050 ke/m3, AAmuvila (L = 0.0027 Pas [1] T4
81989910A1019551u Ineauufgauiinisiunavesvasluaduluauaunis Navier-Stroke

Equation @a.dulumungniseusnesaauaziumudy nslwailunuusiuisesusazlidanunse
gndale nduduidion Artery ldamnsadegulsvnesivatlvalwaniu



unil 4
N13LA3UYRYALAZNITIATIEN

4.1 Msuszandldimaiianisdnasadedinaviunisivalulnssayn

difnwienisivavesiilulnssayn Tasfnwainmsiinedenay wwu Snsnslva,
VUINUDINIRN LAY AILNUITBIIAR TnanIzuIun1s Computational Fluid Dynamic Tu
msdnwtvhmsdmindlulunsaynifemicdsiliduidamamesmedlnauanuis
(BNBNEYS

4.1.1 Yupounisng
4.1.1.1 Segmentation
9IN3U7 4.1 Wananwitlévinnis Segmentation Tulusunsa MIMICS Bslwdfitin
Anwilnssayniulnd cT Scan Ingvhnisidendumdulnssayndiaginau agiiuldandd
uansing Aedruvestesindlulnsaayn nadndalide Aavedlnasayniiass Fuduld
wana STL

e U vew Tok vt ser. O FReiln MeAD A Begeb wen gen Oyhere '
S H-o BT & Chde N0 D VD i lefieasd et 1 2= LA
HE R AR S A

1al View

Saggital View

‘tJ‘VI 4.1 2N CT mmu”Lu 3 WWau coronal, axial ey sagginal ELuT:diLLﬂiaJ MIMICS

4.1.1.2 msasrelulnssayn
Weannlwalaainlusunsy MIMICS WulWdingnaes iieNasasnenias
vostnsayn Indudusdeddisunsy Rapidform undrelunmsiadie wavas1anaass Wswnsy
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Rapidform agvinsivasuinnduliisiudeu wagliseidies vllausuisuiazluie
Wigartu fagui 4.2

gﬂﬁ 4.2 mawdaslg Surface model 910 STL 10U CAD Part

4.1.1.3 n15a379lN59aYn

ienazadsdumdulnssyalsilusunsy CATIA wgvlunnsaine Tng
sl dudeertunaen wodnsildanTusunsy CATIA Ao Tnssayniteglusulng
wiana CAD wazanunsathluldlulusunsumdanssula

U 4.3 nsassauvedlnsaayn

4.1.1.4 Foulunsiaszi

Mesh maﬁiwwgﬂgﬂﬁ’muﬂiﬂa Tetrahedral Volume mesh uaguLaus
sUnseiidudou 19n15iinsgsiuuunsil (Steady State) liduduiranlufinuuy
Computational Fluid Dynamic n1sminundnwazlazinly Mesh faudidgnaninu
wslugsensinszsinislve vinnsade Tetrahedral mesh Tulusunsy ICEM antiusiin
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Aasnnisiuamelusunsy CFX 3UN 4.4 5USINTLnnaeanasne Mesh deidnuu
1,036,006 Lo@Luus

JUT 4.4 3UT1IWs990n 1893 na$1e Mesh uagivuasumieinga

’LumsﬁﬂmﬁﬁmummmL%ffsmiluasuaaﬁnagjﬁ 2.12 m/s Nimarn1sansinany 40, 50
LAL60 BaAN LB UL UNRa NS AN AU

4.1.1.5 Naaws
PeusInsivavedin 2,12 m/s Inseaynides 40 o9en LARAINAUEIAT
0.79 Pa flagul 4.5 wazuansbiiudunisnisivavesiinugy 4.6

géﬁ%:;ﬁ Y r! - “‘rIIT“' (% g’“v’"\“f O\’
e |
’ 9

od
W -
$8%
S8 2
F
ﬂf
\\ s,

0.00e+00 X
Static Pressure (pascal)

UM 4.5 Anusiugegaiindu Ae 0.79 Pa
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1.086-01 Z e

0.00e+00
Velocity Magnitude (m/s) S
JUN 4.6 Eumanisiviavesiiil 40 a9

PenusInsiuavedtn 2,12 m/s Inssaynides 50 o9 LinAwRWgaani 0.53 Pa
L% a Y @ £ Y =i
AagUT 4.7 uazsandliliuduniinisivavesiieugui 4.8

0.00¢400 é"
Velocity Magnitude (m/s)
JUN 4.8 ldumanisvavesiiin 50 a9
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PenusInsiviavedtn 2.12 m/s Inssaynides 60 oA 1inANRWEIEAT 0.82 Pa

AaguTt 4.9 uazansliiudunianisivaveainugui 4.10

' 0.00e+00
Velocity Magnitude (m/s)

SUN 4.10 wum1anslvaresidii 50 oeen

4.2 Msuszgnalfinatian1sdnasndesaaviunisivaveuionluyevios

4.2.1 35015

¥
4

- U
¢
C
e

Segmentation =

Create

surface

=

Create

part

ANSYS
Warkbench

U7 4.11 Juneunsvinau

1AEL3UAINNITATEUIUNNT Segmentation 1a CT Scan Tagldsunsuy MIMICS
ntuIailvaseimeadudenlnelusinsy Rapidform wagasrsduniduntdiraonidon
wazduvenionlulusunsy CATIA aavhainludinselulusunsy ANSYS autunaulusy
d' a ] ] a v v o
1 4.1 swazidualutunouse 9 ageduelumdeiinly
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4.2.2 Maaspudayaainlng CT Scan

Fle (60 Vew Tooh Seymestiton CMF/Semdsson MedCAD FA Regemwton Dpot Opsems Mep
A "HE BF » Okt »SWE O @ 5[ agmwemon oo Mo Meicid] Seimon
= BANR/ 790 &2 3% 422

gﬂﬁ 4.12 3U CT images 1u 3 plans; coronal, axial tiaz sagginal TulUsunsu MIMICS.

Joyaain CT Scan Aslugy 4.12 uandlviimuduninouiu Multiside CT 16x0.5
mm (Medical Imaging Systems, Kingsbury, UK) %aﬁmwﬂumsaLmuaguiﬁmwwm 1 mm
spogie 20 thanasegUlniluszegsing 1 mm tas iesesileldnanlunisnyu 0.5 Jundi

Tunageaduiden Aortic gnaiismedsnisnssalud@somadanisudsosnidy
a9 Tagldlusunsy Mimic Tnsdesqdendruiiduduienuenaineiorrneluiiaysy
alad 9198931 YUNBIAUNTT AIUTI WAZFUUY SITINTLTLEuG anlutes
vipaflazogUszannitnvosvios nasnidondruidududenifosnisainuszann 150
sudlad 15rialdsuiseaduidendosviesiideants Tulusunsau MIMIC Siddaraglunis
wenuerUnnmendademy usnlagldanumuy visdfiveuduvesd

ndsanlisualadasunadifesns AsaUAqUTETI19Y Renal arteries AU lliac
bifurcation Aagyinnstuguidudenlaeliisiadsvunvessualasiisudonly nadwss
Aogusnansiiiveaduidenundlutesion wiavedlwanlsanlusunsa MIMIC 1uuwana
STL Gesududeddlsunsumsimnssuantielumsainsiufafiuiase

4.2.3 N13E3NRIVIININYADALADN

drun Mufvessunssanudffaggnadetululusunsy Rapidform wazfiufinves
sUnssaaiiATldanlusunga Mimic azgniuiinadluld STL (Stereolithography) @aifu
Tng7ldaunsaldsauiu Computer-Aided Desien witefiaztilndunldlulusunsumnis
Amnssulusinsy Rapid Prototyping légnuinanld ilerdsulad STL 1uld CAD wadils
wilifiesi (Surface) voadudeniifiosnis

Tulusunsu Rapidform agvinawieuiuiiliZeudeu lnensaisnnuvgusses
i waedadufiAuanidudeaildanlusunsy MIMIC Uil 4.12 audiuldindiqnd
Jeregseuiduion uasindudoniliiou duiAnainnisadeiuiafldanysaiain
lsunsu MIMIC
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NaANSNLeA 77 (Surface) NNBUBNVDILAULEDAWAILUTDM BN lITANUTUT RINLe
zilrnussudou wavsaiunass dausidasnduseddluswnsuundielunisasiannunun
Yasdudonmaly

gﬂﬁ 4.13 n13uuadlvd Surface model 91 STL iU CAD Part

4.2.4 N5a3198 NI viAARRALALIAaN

\ieTlazadrsdniiiunasndonuazdenldiilusinsy CATIA ingaelunisadne Tng
MrualRdLdudondannuuy 1.5 mm maa@m'mEJ']’JLLasziauﬁLﬂuLﬁamagjiwdwﬁu
Fon adwsfildannlusunsy CATIA dedudoniifldinvsmtmesndenfiininumuiuas
druveadonlulngd Assembly aglusulvlduiuana CAD

JUN 4.14 Myasuanunnveadufenwavaiuvevedlua

4.2.5 Jaulun15nsent

Blood model mesh gnriviualag Tetrahedral Volume mesh LLazﬁWLauagﬂwiqﬁ
Fudeu Wmsimszdiuuunit (Steady State) laiTufuiian sielufinwiuuu FSI uag Finite
Element Method n1smunundnwuziazinly Mesh fanudiAgysoanuliuginenis
Baswinisiva lumavesutdavasnden (Solid) waziden (Fluid) gnasislag tetrahedral
volume mesh Iaglalusinsu ANSYS
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4.2.5.1 YDULAVDINITIATIZAUUU Fluid structure interaction (FSI)

iioflazulainsiesviassiouliifiufsdsiiogsous vaoadenvosay
NIZUIUNITYINNUYDIDTIYIZA) Tusnmearsfivziunfiansanlunissiassnnauis
auautRvestanuazvadlvadnadaunainnisinwdeuntid Tlunisdnuaded 1swihnig
Wisuiisuanuisilunisivalulieadudon Aorta Ailidudendnunneendanv Jeiidedn
Bilateral Renal Arteries lag Common lIliac Arteries mﬂ%a‘ua\‘iLﬁaﬂgﬂﬁ’laaﬂui’fﬁmzmi
wuvewilafidnetu @nzdus Systolic wardmmeaaiad Diastolic) wayTafinslvaves
Boafidulden Aortic Aneurysms, Renal Arteries way Common lliac Arteries lagldy
TUsunsu ANSYS

MSAATILRUU Fluid structure interaction azidunisdnnusefivediua
(Fen) vilAnAaLAugsgaduion Tngazvinnsiasniluguuuy Finte volume
y3ofiFeni CFD 9ndudramduiiiAntulusesnassgndsdisludilunavesveauds
(nlanaeniden) MamauiBMTATIEALUY FSI agldnadninslauiugrunnndnds Finite
Element Method

1 T T

1 | 1

| | '

b m - ——
I | 1 1 1

|

4

1

1

|

[
a
o

_———b e - - -

W0 H
P 6

Velocity (cm/s)
- N

-10

0 01 020304050607 0809 1 1.1
Time (s)

gﬂﬁ 4.15 Fluid velocity waveform indicating the peak systolic condition of cardiac

cycle
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T
|
|
'
I
I
[
|
|
1
1
1
I
I
1
|
I
I
Ll

60

0 01 02 0.3 0.4 05 06 07 0.8 0.9 1 1.1
Time (s)

;51]‘17; 4.16 Fluid pressure waveform indicating the peak systolic condition of cardiac

cycle

A5IAL5I91LE (Inlet Velocity Waveform) Salagldia3es Ultrasound @slafle
sulunsfinuil matarudveudenlutonios vhnmsialuanmzund §inueulussun
Fouusdiudaeasldinanfiansan

Tuns@nwnsinaveaiden lildaanusagegaiiie Peak systolic flow d1wu
youlund (inlet Boundary Condition) tleiaan t=0.4 5. iANaiEa 43.9 cm/s. fslugui
4 dmsuanveulnwioen (Outlet Boundary Condition) tla systolic condition fifnaanu
fugegn 117 mmHg. fl3an t=0.5 5. fagudl 4.15

Laus8luand (Reynolds number, Re) fodnsidinsyninusiisesansilonin
anuninvesvediva Jsilnanednuaznisivarewetiva nanafe \leveslnadninudasm
aussluandsn doslvadarnsigedutaslflaussluandgausuiy

dnsunisivaneluvienauuwings nslasndusuusuideuisedle Re < 2100
waznslvautuduthuaziintude Re > 4000 d1915unisidsuudas (Transition Region)
nslwaenaduldfiuusiudsundeuuutiutau Tuild Re = 3610 w madweduidend
NN

yaaad (Aen) feTilngAnssuuuy Newtonian Fluid Fslddviunasaidenuuin

Tngflusranieau AuvuILLy P = 1050 kg/m3, ArAanamila L = 0.0027 Pa.s 3381484
NANINIFIU Ingauuigiuinnisivavesesiuaiduluaiuaunis Navier-Stroke Equation
Fudulumungmseysnsinanazluuiy mslvaiduuuusuSeunazliannsagnsnls
niaduden Artery lanunsadesulivaeiiveslnaluaniu

4.2.5.2 YBULATBINITIATIENLUU Finite Element Method

Tumsiseilag Finite Element Method agldmusugean Lo
systolic condition HALFUANER 117 mmHg AN t=0.5 5. fMgUTl 4.16 anAnfANL
WugaaniiAntuuududonlngnse
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NANISNNAILAZIATAUNANITNAADY

5.1 N1SANYIBNSNAVDIITUIULDALIUR

5.1.1 NSANYIITUIULD AN UAYRINUIaRALEaR (Solid)
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ABSTRACT

Understanding the propenies of water flow in the nasal
cavity is essential ©  understanding - physiology and
pathologic aspecss of nasal breathing. Particle image
velocimetry techniques were used %o degermine critical
parameters for the study and design of effective nasal
drug delivery device. The critical parameters found were
Sflow rase, diameter of nozzle and posiion of nozzle. We
performed flow simulation of water in nasal cavily for a
range of values for water flow rate using computation
Jhdd dynamics sofiware. In this study we spraved wasker
inw only the right opening of human nose, wasker inles
veloclty is 2.12 mfs. From the resulis, we varied nasal
angle into three cases 40, 50, 60 degrees, i can be seen
that angle of nasal was effect to the water flaw rowte in a
nasal nearly the end of nasal twrbinated, Thus, CFD
analysis could be uslized in a wide range of research
topics and help guide the design of nasal spray devices

L INTRODUCTION

Human nasal cavity is an important component of the
respiratory system, which performs a variety of essential
physiological functions. It is responsible for heating and
humidifying inspired air © ncar body core temperature
with full saturation, while filiering the air from pollutants
and toxic particles that may enter the airway. On the other
hand, nasal drug delivery provides an altemative
approach to traditional delivery method such as oral drug
routes that fail in the systemic delivery of compounds due
to its dissociation by the digestive sysiem. Additionally,
nasal drug delivery has a good level of patient
compliance when compared with intravenous method and
produces faster pharmacological action [1).

The nasal airway is domimated by the nasal
turbinated; throe bony and soft tissue structures lined with
highly vascularized mucosa that contains opening to
paranasal sinuses [2]). Because of these characteristics, it
is hypothesized that drug delivery for combating health
problems such as lung diseases, cancers, diabetes, sinus
infections, ctc. may by viable if the drug formulation can
be deposited in the turbinake region [3). However, this
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roquirement tends © be poorly implemented where a
large proportion of the drug particles are known 1o
deposit i the anterior regions of the nasal vestibuk,
atributed 1o the sprayed particles existing in a high
inertial regime [4). Therefore, studies into local particle
deposition are of great significance in the delivery of
drugs via the nasal airway.

The nasal anatomy, characterizad by thin airway
channek does not allow direct measurements of flow
patems. insklc the human nose [5). The numerical
simulation method, also known as the computational fuid
dynamics (CFD) method, was first applicd 10 an analysis
of airflow in the nasal valve area {6] and to study of
airflow in nasal cavities [7]. Since then, the CFD method
has been applicd to the study of nasal airflow [8), the
distribution of temperature [9), odorant solubility of
transport [10). Nasal particle deposition delivered by a
spray device was performed by Cheng et al. [11] using a
multi-sectional pasal airway replica model and found
deposition pattemns  from  four different nasal spray
pumps. The results showed the panticles deposited mainly
in the anterior and turbinate regions and that deposition in
the ankerior region increased with an increase in spray
cone angles and larger particles.

This study applied a flud dymamis approach 1
analyze mechan ism of water flow in nasal cavity. Using
numerical method, various fluid dynamic parameters such
as pressurc and velocity distribution are calculated under
various inspiratory flow rates cond itions.

2. METHOD

2.1 Fluid dynamic condition/governing equation

Water flow inside human nasal cavity is in a dynamic
state, It deoelerates and accelerates from a resting state
during nonc breathing stake. The watker is considered as
incompressible and Newtonian with  constant  fluid
propertics. A numerical solution of the mean flow
requires resolving the mass and momentum conservation
cquations (the “Navier-Stroke oquations™) in Cartesian
tensor notation as follows:

29

28



29

2010

Segmentation Create surface Create pant

MIMICS =) Rapid farm2006 = CATIA VS
CFD Software Meshing

FLUENT = ICEM CFD

Figure 1. Work flows were used for this study.

T e ———— —

YL .
8 hsibe

) r

sagginal were used for segmentation in MIMICS,

,L,,(P";) =0 M

@ L/
’—xl(p"""" rad TU' = _O—X‘ (2)

where x; is the Cartkesian coordinak (=1, 2, 3)
uy~Absoluk Nuid velocity component in direction x;
p = Piczometric pressure = p, =~ 0y g, X, Where
Py IS static pressure; pg is reference density;
gmare gravitational acceleration components;
Xy are coordinatkes relative 10 a datum where
podefined.
p= Density
7/~ Stress tensor components.,
Standard low Reynolds number two-equation k — @
Model is the turbulenoe model applicd in this study.

2.2 Geometric model construction

Computer modeling was conducted using CT dat
obtained from patient. Process flow of this study was
shown in Figure 1. First process of this rescarch is
construction of the 3<dimensional geometry of nose
mode] from the computed omography (CT) data obtained
from a volunker. DICOM data of CT images were
imporked into MIMICS 10,01 software (Materialize,
USA) for scgmenting the nasal airway excluded paranasal
sinus, A threshold level range of about <1024 © -188 was
appliad 1 the arca consisting of air. After automatik
scgmentation with threshokd level of brightness, the
manual scgmentation was then performed (Figure 2).

Figure 3. CT images in 3 plans of coronal, ax ial and
sagginal were used for segmentation in MIMICS.

software.

Figure 5. Trimmed cell mesh model was performed after
constructing the 3D model obtained from CT images.

Then, Rapidform2006 software was used ¥ gencrate
surface of nasal cavity by automatic surface gencrating
function (Figure 3). Thirdly, CATIA V5 (Dassault
System., USA) was employed to create solid objects from
surfaces before adding a nozzle inkt (Figure 4). Next,
ICEM CFD (integrated in ANSYS 12.1 Inc., USA)
software was used 0 generate mesh for nasal cavity and
nozzle inkt (Figure §).

Finally, computational grid model was imporked
FLUENT (integrated in ANSYS 12.1 Inc., USA) for
numerical computation, and visualizing the solution
during post-processing.

2.3 Boundary condition and numerical control

The pattems of water flow within the nose can be
determined, in principle, by both experimental and
computational method. However, two approaches have
differing strengths and weaknesses that lead to their being
strongly complementary. In this study, we applied the
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60degrees

Figure 6. The position of nasal in cach angle 40, 50 and
60 degrecs.

computational method to obtain parameters of interest.

The computational grid nose mode! was imported into
the commercial CFD software package, FLUENT which
then solved the finite volume, We assumed that the
uniform velocity profik and the axial component of
velocity were perpendicular to the flow inkt faxces, A
sicady flow rather than a cyclic unsteady flow was used
in this case 10 allow the results to emphasize the airflow
dynamic and pattems independent from cyclic conditions
[4). The boundary condition at nozzle inkt was sct to
velocity 2,12 m/s and varies nasal by 40, 50, and 60
degroes. Conwergenoe was judged by moniboring the
magnitude of the absolute residual sources of mass and
momentum, nomalized by the respective inkt fluxes.
The iteration is continued until all residual fall below
0.0001%.
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Figure 7. The path lines velocity of nasal waker flow
obtained from this study (nasal incline 40 degroes and
inlet velocity 2.21 mék)

obtained from this study (nasal incline 50 degroes and
inlet velocity 2.21 mA)

3 omyeoe
Veloct, Vegdude rag

Figure 9. Thepath lines velocity of nasal waker flow
obtained from this study (nasal incline 60 degroes and
inlet velocity 2.21 m&)

2.4 Computation mesh generating

The mesh generating software call ICEM CFD software
was usad for this purpose. After insert nozzle inlet in the
nose cavity by CATIA VS software, mesh of nasal cavity
and nozzle were generated. Figure 3 shows the mesh of
nasal cavity and nozzle inlet (2,737,527 mesh elements),
The computations were performed using a personal
compuker with an Inkel Core 2 Quad 2.8 GHz CPU and 4
GB of memory with OA Win 7 64 Bit
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Figure 10. The contour pressure of nasal water low
obtained from this study, nasal incline 40 degroes.

o~
«

Figure 11 The contour pressure of nasal water
obtained from this study, nasal incline $0 degrees

Figure 12. The contour pressure of nasal water fow
obtained from this study, nasal incling 60 degroes.

3. INSPIRED NASAL WATER FLOW
SIMULATION RESULT

We performed CFD amalyses by fixing water inlct
velocity at 2.12 m/s and varying nasal angle (40, 50, 60
degrees, figure 6) resulted from spraying waker into the
right cavity of the nose. The result of the water flow
simulation velocity and pressure are described in the
following sections.

3.1 Water flow velocity 2.12 mA and nasal 40 degrees

The water flow fickd in the right nasal cavity was
investigated at water inlet vekcity 2.12 mA and 40
degrees of nasal angle. Figure 7 shows the streamline of
water flow passing through nostril arca (Figure 13 [12),
plane A), through end of nasal turbinate arca (plane F).

31

Figure 13. Coronal cutting plancs of nasal model

Plane A is nostril

Plane B is nasal valve arca (narrowest arca of nasal
cavity)

Plane C ishead of inferior turbinate

Planc D is beginning of middk turbinatke,

Plane E s middle portion of nasal turbinate, and

Plane F is the beginning of superior turbinate nearly the
end of nasal turbinate.

It's shown that watkr path lines could not go through the
upper arca of the middle turbinate but passod across in
the lower arca and figure 10 shown the contour pressure
of nasal, Max. pressure is 0.79 Pa. The pressure of water
has more effcct to the upper part than the others.

3.2 Water flow velocity 2.12 m/s and nasal 50 degrees

We varied the nasal angle to 50 degrees and inkt velocity
2,12 mé shown in figure 8, repeated the simulation as in
Section 3.1, We found that water path lines can pass
through the upper arca of end of nasal turbinate arca
(planc F) and contour pressure of nasal shown in figure
11, Max. pressurc is 0.53 Pa that less than previous case.

3.3 Water flow velocity 2,12 nv's and nasal 60 degrees
The Jast figure 9 and 12, we varied the nasal angle to 60
degrees and inlet velocity 2.12 m/s, repeated the
simulation as in Section 3.1, We found that water path
lincs can pass deepest arca of end of nasal turbinate arca
(plane F) and contour of water has more effect © the
middle rbmate than another arca. To compare between
figure 7 and 8, demonstratod that water path lines can be
changed by varied the angle of nasal.

3.4 Conclusion

We studicd nasal washing with water by performed
CFD to compuke the water path line by inject water into
the right nasal cavity which could be visualized as in
Figure 7-12 for different present conditions. From these
figures, it can be scen that in figure 7 nasal angle 40
degrees, water path lines casily to pass in the bower arca
of middle portion of nasal turbinate but in figure 8 nasal
angle 50 degrees, water path lines can pass through the
upper arca of middle portion of nasal turbinate, The last
we computed watker path lines with nasal 60 degrees, the
result shown that water path lines can pass though the
deepest arca of the end of nasal turbinak, we can notice
that a significant value © study more detail in the future,
for exampk position of the inlet nozzle, angk of the
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patient face when wash their nasal, The result from this
study aimoed at providing the suitabk method of nasal
washing and an insight to assist the pharmaccutical
industry to improve, ako help guide the design of nasal
spray device.
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