it 2 A W MR 0 3T A2 P RE LA BN T 5% 1R 6 L9 A2 v g B9 R O R A M R BE T L T T 2 AR L )
HEARAEEI L., FZERZH VR EGYRAFWEZEE, BHEARETFERRE., AAA
2009 EAEWLE T RZIF R R EWR L FRE I ERNME TE Lk B R, R AR R G, H
WHBIRGMREFEN T HE&ES THEHRE, TERAE. REVREFNZFRZ X GFEHY,
PORMRESE 5 (2 SR AR J0 58 ) R TR 2 55 O T 003 5 5 WD L L 2 1) 1 BT 9 52 B0 o 6 98 42k JHC X 4
T 89 3 AR LA EAR A T 1 7 89 K /AN S SR MR T S 77 1 D BRI ) SRO8ER R b b R fE B A I L 3 i
SEARM TR LB AR & 2 OO K B B S ARSI IR i LA R, X SR
FHEMNFEI R T WA, B AR RREI SRR XA, BOREE. £ 2400 N85 ik
BT A AR NRI B S G G L 38 8 K 1 SR % (CFD) B A8 40 7 122 8L R 3 0% o & U B 07
HIROR 23X B A AR FAZ TR .

1 HEBMT 6

CFD #UE 300 77 v 2 FIvE SENL R B3 51 &\ Zh B M GE S %38 7 12, IR 45 & K& W 26 9 A0 77 12 R L 40
I T 2 AR R B L 8 C RO — P B B R RE F 07 ik OF B T2 N TR A TR Foh
HilfE R a7 b B8/ TR ECE, HITIEM AR ARG ITEAIR, B G 24
FRRERE AN ARIMB A TREAERE., NTHMRFEFZ B, BAELR TRy REA
PG AR 2 B & 1 A & A4S B30 R A LG R L e U ) 4 — R R SR A T e R e R 2R
N REZZ MR, 2 ERICT N A AR R 5,

BT 1Z H WL 456 A NAE CFD BB BE48, 77 0 BT A BHIE A 32 387 4 B AR BN 31 28 & 7 i 48 2
M#EFZzh, CFDHEENRESR EREVHE SN TR &S LEVGE & FROHER T, @ Bz
0 SR H R 43 A | e 0 43 A R BY ) #0345, O DAAE 2k L R e e e TR 2R L SR R O S R
Bk, A& NikH Polyflow B4R TR, Hdw KO0 S0 AT LG R 55 U074 HE 47 SO R, JE R AR LR
W5 :2013-01-11: 458 [5] :2013-03-08;

FEE T H T E TR G O R L SRR HUE R T
EWEEAR AN KR A977T—) 5Bl B SR SRR o EE AT 5T E-mail s joolizxm @ hotmail. com,




F7H = yix T i Eid + 93 .

5SS NREWNE 1 P, FmarsEs LA CFD S Sl s R e g b R
HEAEH .

e L YIRDES
i

Y

HiftsrE
EiEFE | —
(13 SRl

TE it i B (8 L4
EESWnTRE

HRdARRINAKR REVMTTE
* BEPIHEE

BN L
FH A

Bl CFDH#ERESHIR SR EE

Figure I The combining representation between CFD numerical simulation and theory teaching
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Figure 2 Weissenherg effect

(a) rotating disc; (b) Newtonian fluid; (c¢) viscoelastic fluid
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Figure 3 Secondary motion of viscoelastic fluid in straight rectangular channel
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Figure 4 The comparison between die lips and extrudate shape for viscoelastic fluid (a) and a generalized Newtonian fluid (h)

ERAGMBREFLRES, — RN BENREM A BURAAES WG S 26 AR, H2
AR A 8 30 e A 23 o i EL %0 T DR R A B e AN AR W R . 8 B IX A A AR N DL AR DR
B o BT RS R SCAR AR AE BF S L B B 0o B e 5 R W 4 PR R LU R
S AT B B K ORI B T S WA PR AN B A K K R T A 46 /N B (LR 5 AT T IR A
HE 0 OB R A R K ZE 5. 8 X AN T SR [ 25 A7) R] DA B R 52 31 5K 45 W0 A 2 18 B ol B ALk
T A A ERE T K AR R FE b g 5 e 8 RCSE R T L (R E e) DL B AN R A
LA AR TR R 55 DR 3000 K R EE B 2, SRR 4 SRR T R 2 AR AR O



F7H = yix T i Eid + 95 .

24 AU G TR AR

HTREMIBEG A SEHE RS FAEREYILRE S T EE L ZRIBSREH. ERE
FHAGE L R P A2 H R UER 2 R B AR TR R R L o A R s A Bk 48 i 3 (k.
WIE Bh A kD Sk A 48 7 ORI B L T B o ) g T RE R TR D A REAT AR . R T R AN R AR U B
T e S U TF A 5 i s AL AR A3 A2 kT U A BB T R R . DR e A R AR A AR R R SR
ER AR N T % P 3 O X R LB 2 4 L0 SR A XUE AT BY L. B T A T AL & T
S k2 PR A B i) L PR N H R R 7 R BRI BN ? AR R — ANk, — ASBELES UR Bh . B JE Wk A2 R A B
57 SX I R O6F WEORF e o Y B 18 400 45 5 2R 8 43 #r J00 T R O o A2 B ED G (] Bk S AR A A ] R o
2Rk S ARG IR B R . B 5 45t AR SE A 15 B BRI A% AR BE %3 , 285 R A Carreau
A GTEMNELRER BRRMEMERERN S &5 G NERRRE N Z B RBEREELE
RS R G oot MR a & . RN al BLES W 7 43 A kG BE 43 A A0 BY 5] 5 8 4y A 55 B i
I B A IR S B A gy, R DL AE SR AR AR G T AR R P I R A S UAE ) el £E - R Ak A [R) I R SOURE AT B
LI A& TAERE A IR DR, D BLJE B9 3R & 4 n T J 8 R0 n T T 2009 5 50 B Akl

10000 0.295
.o 236
0177
0.118
.:.; [ .0.059
& 1000- 0.000
> (m/s)
7 o Expenmental data
8 = The Carreau model -E
; 220°c g
100 E
- o . r H
0.01 0.1 1 10 100 1000 5

Shear rate (s')
a b

B 5 o Mo a9 A 0 J7 AR 41L& () B 3% 43 A B ()

Figure 5 (a) Experimental data of the shear viscosity and its fitting curve by Carreau model; (b) velocity profile
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Application of Numerical Simulation Method in Polymer Rheology Teaching

ZHANG Xian-ming'* , FU Yaqin', FENG Lian-fang®
(1. Key Laboratory of Advanced Textile Materials and Manu facturing Technology . Ministry of Education .
Zhejiang Sci-Tech University . Hangzhou 310018, China;
2, State Key Laboratory of Chemical Engineering » Department of Chemical and Biochemical Engineering .

Zhejiang University . Hangzhou 310027, China)

Abstract; The teaching and research of polymer rheology fall behind those of other fields of polymer science because of
the interdisciplinary characterization of polymer rheology. The numerical simulation based on computational fluid dynamics
(CFD) was introduced to the course in order to improve the comprehension of students for basic concepts of polymer
rheology and motivate students’ interest in learning. Several corresponding examples such as Weissenberg effect, secondary
flow, die swell and screw mixing are provided to investigate the essential difference between the viscoelastic fluid and
Newtonian fluild, and guide the students how to use polymer rheology in the engineering designs, Meanwhile, the applied
function of engineering designs for polymer rheology is used to explain the fundamental principles of polymer rheology.
Therefore, the method is favorable to optimizing curriculum structures and improving the quality of teaching,

Key words: Polymer rheology; CFD; Constitutive equation; Teaching



