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UNANED
MsTuUNedwes wWu nszuaunsdanataiin NszuIuN1TERsA wavnszuIunsentugy Wunszuiun1sined-
wesnasuralzlvaduiinidetomisivaway 9 Fadunsivauvuideu wgfnssunisiranuuideuresvesinawuy
wauilhlalou (Non-Newtonian behavior) fauuans1sainnistravesasluawuuiladlowdusgiaunn nanmsainy
= = s o 9 a & . prigsg "= a Y a ~ .
nilnazluilsiduvesdnsuaioadon y lundaznanimginssunisivavesvelnandreialaiiou (Generalized

Newtonian Fluid, GNF) vesvedlnaunsviiawiy vesluainiesaes vedlnamsid-ongar vedlnaliuend uazvediva

woswavanad 1usu

ABSTRACT
Polymer processing such as injection molding, extrusion or compression molding deals with a polymer melt
flows between gaps or channels of a production mold. The flow characteristics of the melt in the channels are
considered shear flows which express non-Newtonian behaviors. The non-Newtonian flow behavior is normally
different from Newtonian one in that the non- Newtonian fluids are mostly a function of shear rate ¥ . In this article,
we introduce some generalized Newtonian fluids (GNF) which are wildly used in polymer processing, for example,

power-law, Carreau-Yasuda, Bingham and Herschel-Bulkley fluids.

Adfey: vedlnaadeiilaidey vedlvamniesaes vedvaaniid-uger vetlvatenuaud vedlvaesivaddniad
Keywords: Generalized Newtonian fluids, Power-law fluid, Carreau-Yasuda fluid, Bingham fluid,

Herschel-Bulkley fluid.
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unin

3lolad (Rheology) uemansmintulutiesnnatnsanssmssen 20 (Tanner, 2002) un1sanwnaudusiug
sprisussuarnndegUresinglutianaiiauls lasfiuseduasgyinlidngiiantsideguogunnsussindunisinaves
amﬂuﬁqm (Kolitawong, 2003; Kolitawong and Giacomin 2009) n1sluauuseanidu 2 nguwan ¢ fie nisluanuuidou
(Shear flow) wavnstvaiiliifinisideu (Shear free flow) mslwawuuidowdunisinavesvedlvalurewauniolnaluve
S?fdﬂismumimﬁmwmaﬁﬂmeﬁgwm 1UN199M30 (Extrusion) N152AALTIMLUALN (Injection molding) kazn15NASALLN
WiifisTt (Compression molding) azifeafunslauuuideui (Kolitawong, 2018) luvaisiivesivaludewaunselvalure
ﬁgumm%ﬂ%ﬂ%@ﬂ%sgﬂ%ﬁq (Elongation) lUnau 9 fudedainliesainsssurfivesnisiva wu nslwariuges
waunSovieanvwadudu daunslwasuuildiimsdeussiinannstafadundnunisdaislunssuiunsvasutudu
1o (Fiber melt spinning) nszuaun1stUngs (Fitm blowing) wazn1sidduslfinst (Blow molding) s Tuditisazanvin

audnlaivaudfvesTanuasnginssunisivanvudenlugesuauil (Morrison, 2001)
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SnsueSun uardnMsdeguiBen (Angular deformation) We i# j @wzeguendumimussy (Off-diagonal
position) vesmumaidnsuaTen Mlisamsauanuasssanvesnisivaseniiu 2 nguenslvauvuideunaznisivai
Laifinsidou (Pure shear and shear free flow) Taglummquf nslvauvuideuazidunisinafifidndniedondioglu
suvimnsspnduguitomn  warlumendufumsivadlsifimadeuasfunsivaiifiesnsueioafioguonsumimues
usBugudismun

U 2 uanadnsnnaadenideu (Fednsnisidsundasgusiswesngueyniavesivae) lusasildsunudu
deudadunsuanamginssunisivavesvesiug (Constitute equation) Tnsvaslvaauisndiuuneunginssunisinald
W 4 3Uuuude (n) vedlvawdaialaideu (Newtonian fluid) (v) veslnaviinauiiudeuanas (Pseudoplastics or shear
thinning fluid) () vaslnawidanuiduidewdiudu (Dilatant or shear thickening fluid) waz (1) vaslnaviadusy
(Bingham fluid) waAinssunisivavesvedlivavdeilndeuasddnuasiimuduiouszsulsiunssiudnmanuadoniion
thuforumiaazasiilunn 9 Sanaranedondoutiuies GUENbLVTaIUHE]:NﬁIﬁE]QJ:N’mM’lEJiE]U 0§51 U T ene waztiy
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yasuwial Wusu (Cengel and Cimbala, 2006; White, 2003; Munson et al., 2002)
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Ul 2 uamamgAnssunislvavesvesiva 4 sUuuvfe (n) veslnasidndalailiou (Newtonian fluid) (@) wadlaviianiu
uLdauanad (Pseudo plastics or shear thinning fluid) (A) vaslnavinauiduidewdinty (Dilatant or shear
thickening fluid) wag (1) vesluasfindsuean (Bingham fluid) () vesluaviialgesiwataniad (Herschel-Bulkley
fluid)

Tuvasfingnssunisinaveswesnavinanududsuwiutursiinginssunssiuduiufonnududeuasiiy
wnFudlesnnanuniondouiutuniesntevidernuniinfiutudiosarmuetendouiumniutues foes
vodlvarintensenauimiofisiinfufovensegeiiues sosinihdusmnadiulutenmegansniuasdenndou
Fregnet q Wislevuzusudew widnseenuswsuieginsusgllansovduilfidesandnemsuiusiiae

A IADNIIANUASLALEDURBNIIBNANUTULEY @Iufl8819vadavstadaLaufaendilunseveauslamea vaslunausenm



UNAY MIANTINUANERNS UV, TN 47 Lauh 3 395

JazdanuAudaunidu (Pre-stress) naunariinstnamivesweadiva sadusidesduendilulvoonainvasn v5efenuuIn
yoausawaieliealunasanunanvintiies (Pritchard, 2011)
Tunislvaiiliaiuisanadald (Incompressible) wagiigaumgiai (sothermal) voslnawuuialadeuasd
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T :_77(7)7ij @

usen 7 Menuviiavesvedlwardaueuialadoulee 7 Huilsiduvesainaninsiivesdnsniondou ¥
(Scalar Invariants of Strain Rate) 1513enaunsfi (4) Tudungfnssunisivadeuuvuviiendredaladeu (Generalized
Newtonian fluid) Faduveslnauuuneuiilafeuifaunsuanmginssunsivadeuiuuinanaunsiadeuluaunis
i 3 denaunsuwanmginssuvesvedlvadediusannssrilivednadsuninansiuiaunisuanagiingsa
(Constitutive equation) (Bird et al., 2015) dusuveslvalvuiladouanuAuagulsiunseiusnsasendoun
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Mnaunsvesedlvaidlndeutues vedluandeialnidouaunsaduldtauuunnududouiivdu (Shear thickening)
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7(s)

UM 4 wanseuvitinveanediwesuasuvaiviianefiensauanuvuiuiug (LDPE) Ngaumgiiane 9 luaina logn wae

log 7 Yayalunsmildunain (Bird et al., 1987)
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et al,, 1987)

$rldulunngaamnssy

= ’ ,
& melyTuana melyTuana

LATMEN

<)

2w v oA
158ININUA

i

|
>
i
I
|
|
i
i
i
I
|
|
i
i
I
I
|
i
i
i
I
|
|
i
|
T
|

|
10! lOg]/ 104

= ! N | g Y v o s i . Ay v a ¢
JUT 5 wansenauniinludiuiidudunsdunsilanuduiussening logn waz logy Aldiuveduasiianiies

et 1 v
aigudurildauluningaamnssy

vadlunamesans
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Wussdunsmanuduiussening logn wag logy dauanslusud 5 Usznoufuiniesiiotannuvila 1wy in3esiaminy
nilauuuvasn (Capillary rheometer) AanunsainaurudeulutiwnsiaioaUseann 10 s 89 10,000 s~ Astandlu
ANged 1 s‘ﬁaL‘f]mj'mﬁi%muiuﬂizmumi%ugﬂﬁ”w Fadunginssuvesanmialuaeiidudunsdunsm logn was
log 7 awnsaunusneaunsentiids (Power-law viscosity) Farmualag

n(7)=my"™ (5)
Tne M AernAsiiveamediues (Consistency index) waz N Aslavenmdweinediwedaiagu (Power-law

index) Falaannn1sniuidy (Curve fitting) Aunan1svmaaes 61 N =1 waz M= 4 aufuaruninvewesnaiiuy
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Tlaudlou w1 N <1 azdumnunilaveswesnainuuninuiruanas (Shear thinning or pseudo plastic) waign N > 1

azfunnunilnvoswesraInuuANUAUTRNTY (Shear thickening or dilatant)

59N 1 Lansresns s uiiindulunseuiunswannaiafnuuusig 9 (Wollny and Ringhofer, 2003)

NITUIUNIINER drednsndou 7 (s7)
mié’méﬁugﬂiumﬁmﬁ (Compression molding) 1-10
mﬁm‘ﬁugﬂ (Calendering) 10 - 100
N138ASAWKUTEN (Film extrusion) 100 - 1,000
Mg uafiun (Blow molding) 100 - 10,000
msinduguluusifiant (njection molding) 500 — 50,000
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n—1
I i o a
770 _7700
o < ' A Ao = & i3 . . < ' A Ao
de n, WDudrmnunidaidnsianuaseadugud (Zero-shearrate viscosity) 77, \JuA1auniafiens

aaaseaduaeiiug (Infinity-shear-rate viscosity) 4 1usasiivasiaan N Wureniids way a WHueaiiliang
ﬂ"mummmiﬁﬂwd’;diaswiais'mfwmmwﬁmﬁé’mwmmLwﬁsmLﬂuquéuaxmqmm%’uﬁqLLamﬂugUﬁ 6 FogNIIMIUELT
Ianaunisauniauuumiid-sgaglnefiaasiinldlunsmudunandunsed 2 wasille a=1-n aunsi (1) an
gULfJuaumiﬂiaa (Cross equation viscosity)

ik PR (12)

N1, 1+(A7)

#un19A5084 (Cross equation viscosity) GenldnuninlunisAiuiangasiaiasy (Numerical calculation) 14u

TUsunsudnasanislua Moldflow (Kennedy, 2008; Autodesk Moldflow, 2009) wag Moldex tudu (Moldex3d/eDesign
Reference Manual, 2010)
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nonanuAsealduAug (Zero-shear-rate viscosity) 77, Wufanuvilafonsanuaseaduaietiud (Infinity-
shear-rate viscosity) @ 1Jupasiilsfingeimuannulfslugissessoseninanuniafidnsanuniondugue
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wodeTvlinaid-gnziandlun131e¥ 2 (Bird et al,, 1987)
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AT 2 uansAAsvesnedwesylinaiid-geneildlunmamudulugun 7

(onis) A(s) noa

1Y

wadlues frydnwal 7, (Pa-s)

2% wedylnduazanelulnsuea 355

v 9.23 X 102 1.50 X 10! 191 0358 2
(2% Polybutylene in Primol 355)
5% woddlnauazangluslsiaes 1242

[ ] 1.01 X 10? 5.9 X 107 0.84 0.364 2
(5% Polystyrene in Aroclor 1242)
0.75% wodoglasanludazanelu 95/5 YnaunIiwedu
(0.75% Polyacrylamide in a 95/5 mixture by A 10.6 102 8.04 0364 2
weight of water and glycerin)
7% ayoaiituazarglufnduuasidueilea

[ ) 89.6 102 1.41 0.200 2

(7% Aluminum soap in decalin and m-cresol)
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voslmausunndfuendiasifnnisinadsediedanududeuguiuamis wazilovesvaifnnislnasss
Sadnseninenududoudedasnnuaiendeund dadunssunginssuvesivawvuimedeutuanudy
\@eouudu Tnefisuuuvannisveslvaviindaueude

T=7,+uy \lo T271, (13)
waz
7=0 e r <7, (14)

o 7, \uranuduiedu (Yield stress) shogswasinadssinisiusudinuluiinszs fuftos @it uazves
undowadudu veslvadaiusudifingfinssunslvauuvueuiilafloy (Non-Newtonian behavior) neldanizuuy
129U (Leewuthinan, 2009) flawanslu

U7 2

vaslvalgasivalaniad

voslvausivigefvatianiad (Herschel-Bulkley fluid) Sagiinnisluafideilefimanududeuguiudmis uas
devedlvaiinnislva  aefidasdmnsdsuulamasenududoudsosanauaiondeudilineg  Tnedunsyw
wgAnssuvatlvanuumnesasifulaiuaudauandly

U 2 Tnediguuuuannisded

T=1,+my" o 727, (15)
uay
y=0 ilo T<71, (16)

o 7, AeAarandusiasiu (Yield stress) M AarAsiivosmediues (Consistency index) ko N Folauenids
veawodeswiaiu (Power-law index) e N <1 Sasrdunsidsunlawemnududeusdsesnanuniondouas
anas (Shear thinning) wsidn N >1 Sasrdunisivasundawesanududeudesnsanunaionidouaziiiuiy (Shear
thickening) (Bird et al,, 1987; Leewuthinan, 2009; Michaeli, 1992) vaslnauszinndsfusuduazigasivatdnadinels

wungAnIsuvaudan (Blood flow) (Kalion et al,, 2004; Mazumdar, 1998) uazluunssvadlvagesiwaldnadildunu

ngAnssunsivavessndlulnIessnsnmg (Leewuthinan, 2009)
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Asiviaveaden (Blood flow) Mg
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