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Numerical Simulation of Non-Newtonian Fluid Flows
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Seung Jong Lee
The numerical simulation techniques developed for the flows of non-Newtonian fluids including the

viscoelastic fluids and the short fiber suspensions are introduced. And the causes of the numerical
breakdown and the recent efforts to resolve them are presented in particular.
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AntA o2, olw fAle] A (viscosity)7} k< (shear rate)ol] wal W3R @ YRFY wf o]
& wE fA=tn PFad, 23 g f4, F, It AgLTd g dile fFAE HFE
Al (non-Newtonian fluids)2}x1 B-&

Aggxe] Frto ulel Y=7t FAde F+E A9 SH(shear thinning) &2} 39, W2
HAx7t Z7bsle 98 AGF3l(shear thickening) f-Al2tn Foh. diiEel nEx FA(ZEA
S8A, TEA Gyt Aol &30, ol HAG EA ol ©@A(elasticity)E ol YElYE
797t ngololA FeA fAl(viscoelastic fluids)et e AF BLot.

ol fAle HGR-E(shear flow)o]A] H g2 (shear stress) 2|0l 42]-3-Z(nommal stress)E e}
W, Al4-5-F(clongational flow)dl & o}F & A%-3-(elongational stress)2 Vehfie Zeo] B %
olth, I, H|AAAE] fF AT stress relaxation(¥E+= buildup), stress overshoot 53 #L A EE
Holg ZHo| dUxtFold.
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4 HgAAY HE T3] HsiAe Y EA-d tHEto] stress tensor 7 & FEH w Atold]
ZAE JEtd7] 4@ Fd 7443 4 (theological constitutive equation)o] TR 3A sl=dl, HlwFE
FAEY Afol AF AHEEHE FAYHAES A¥Ed oS3 Zo

Ad4zo] e FHxo WIE FASY] JF TAYHAL U3 o] HI¥LT Wl A(deforma-
tion rate temsor, )¢} 23} invarant (I ;)& ©]-§3to AAI= gt

r=27(0,)d (€)]
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=1 (Yu+vuT) : deformation rate tensor @

Nl

Hd=§tr(d2) : second invariant of d ®)

o1, =¥, (1 ,), 2 powerlaw model, Carreau model, Ellis model o] AR2-Elo] str).

A HwE FAS A% TAYH Ao 2= ¥l HY convected time derivativeS ¥ sl bR
Yy FAARPAEo] Bol AlgHNAR UYveul, 2 HEAHQ ALIF thee] upper convected
Maxwell model(2 % UCM modelolg} 3 §Hol}.

t+A r=27d ©6)

o714, A% » = ZZ relaxation time®} viscosityoltd, r £ T3 o] Aol upper

convected time derivative o]t}

t—%+u VIr-Vu-r—r-Ju’l @

o] Qo= White-Metzner model, Johnson-Segalman model, Phan Thien-Tanner model, Gisekus model,
Leonov model ¥ © B3¢ Heje] oy FAYFAESo] At Algsojxu lew,
Lodge’s rubberlike liquid model, K-BKZ model, Wagner model, Doi-Edwards model 53} 22 ZHE ¥
TARANET AHE-E Ao 28y, BE - 2(6)e] UCM modelo] 7HA A& AF 2
2 ¥4 3 time derivative £ 19 ARG g XS Q7] "Eel £ RA GBS Y
3 oM e vad BAFES FHET e Adoldh

o, G5 Feteld dig FHTAYA A0 2= mediume] FE FAY ALl disle e
I 22 2ol dutAHo 2 ALg-gw glth

r=29d+nad: { pppp> ®

A7A, av L3 o] Aosl= Ao HE} % AlS(suspension intensity coefficient)o]n], ¢
€ A4+ 3YE&olm, r& A2 FHu](aspect ratio)o}t}.
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3. £ 2 A}71Y, Numerical Breakdown, 9<1 2 7] X943

2ol ARE AAAAE SAHeT E7) st 19708y FuAXE F@AEel BE
AHS-Elo] gk ony, 19803 S0\ QWA mesh TAJo] §olg, BAF HAZA vlmA §olg Azl
59 ol wWEd fHadye] AMgo] F43 Fatso] e, 53 BPE domain W] {FY
A%, A BE FFo FPFLYol AHEHD U WA, B =FdMe FEL4L FARA
1ol ddle] ARzt g ,

19804t Fut Z7A] D32 standard Galerkin formulationo] AM&-slo} stoh. ejul, ©AAA Wl
o] {59l Weissenberg 4= (=4 7,,, ©18t Wez EA)7L F71gtel wat $38 a8 ¥A Rk
numerical breakdown #’3o] oj@] -5 EAlA FF5Ho=Z FFHAh 53], flow through sudden
contraction ©]t} extrudate swell 3} o] singular point7} EA3hs EAloA] B3 AzbalA A3
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At} o213 numerical breakdowno] €y} A H7] AF = Eo] 1980t F o|F oz
Ztx oA Al=so] $tct.

Crochet$} Keunings[1,2]= 749l Mele] EA7E U2 Holzte AL YAl Oldroyd
B 4], Phan Thien-Tanner 4] 5-& Al8-3lWA Y /idd AEL EEF vl Qon, Yeh F[3]
£ UCM 3 §5 oA bifurcationd] 7}isAeol disted B g § ub o

¥, Yoo} Joseph[4]& We 9] F7lol uwiel z|ujdbA 4ol typeo] ellipticoll A hyperbolic® 2
ulAA gde Hol Atsle] Zt I typeo] B FA A WYL AlEdor Fotx 3gon,
ol ¥ upwinding WY& o] EoldAx ALg-3l7] Alzsle & F717t "o

Marchal®} Crochet[S]E stress field§ U A &3] Alddafor & Hadol Atk AzellA] stress 7]
A2 9% subelement®] £%]7 §7 stresmline upwind HH-& A|etsle olF £ ARE LEF
Atk ¥, o= EVSS (elastic viscous split stress) HH3[6], EEME (explicitly elliptic momentum
equation) H[7] T& AHEdte £ FHES 41 Ue ATFEE ol IPHL Ao

1 #lel %, singular point®] 3 2]&Al, nonlinear iteration F-A), meshe] type L sizeo] thd &A)
ol AF A gk

A2gHo 2, A HIFE FARF £ 2ALd] UEFUE numerical breakdown EAlE 9ol A
AT oz YUSo] o= vehdxn oM BS gL A77t AAHeRZ "eg Fokd
A=
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