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Table 1 Relaxation spectrum of the IUPAC-LDPE

melt at 150°C

i Ai/s gi/Pa

1 10—4 1.29%10%
2 10-3 9.48x104
3 10—2 5.86x10%
4 10—t 2.67x10%
5 100 9.8 x102
6 10! 1.89x 103
7 102 1.80x102
8 103 1.00x109

#* 2 Wagner 8, PSM & 3%0 Osaki 8 3 MHB
EHPHSHE
Table 2 Parameters in the damping functions of Wagner
model, PSM model, and Osaki model

Damping function Parameter Author
Wagner model £=0.143 Wagner (1976)
Wagner model k=0.18 Laun (1978)
PSM model a=14.38 Papanastasiou (1983)
Osaki model F=057k =0310, n (1978)

ko = 0.106
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Fig.1 Theoretical description on the shear viscosity and the

first normal stress difference as a function of shear rate

for the IUPAC-LDPE melt at 150°C
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Table 3 True shear stress at the die wall in the
IUPAC-LDPE melt extrusion through

a capillary die at 150°C

Apparent shear rate /s~! 72/MPa
0.1 0.002 95

1.0 0.01290

10.0 0.037 60

LW AR EAEAAX S HE (3) fMidK
TUPAC-LDPE %4k BIARUYEN ) - Y)AR K R /T LLit
HEZBALER LR AR R YIEE TR
SCRETBYYIN 7. ARERATIRE (1) iHEEERE B )
NS HAAT R, SREHTEL 4PHHNE
WY R 10.0s~" B ¥ BEE B YJ N J3F Luo 5
Tanner(®) 345012 # 4 6 5 ke K B 75 31 ) B 17 B9 )
M IJAIE, XEE T AR RN, M
FIRAXR 22 (e) — 77 T B 2 WL BY 1) 3 0 By 18 K 2 3
R RN, EE—DEYERT, SBE 2 K
MR ZEWA 2. Hd, k=0.143 ) Wagner
REHBEMZ KW ZERK. WREHE E=0.143
1) Wagner #5280 70 frt) b B8 45 M A5 108 E 0 i A SR A
XA R, EarLiFEER A k= 0.18 ) Wag-
ner A1, PSM #AY DL K Osaki AR5 M J7 4
Xt R ZE B ARE, JUHEH k= 0.18 [ Wagner
RIF Osaki BRIP4 REHE. T8 R
FWBI YK 10.0s7 F, IUPAC-LDPE ¥4k i 5F
HH S5 30 R AR I 5 S 3 22 TR KK 2 15%~17% 1
RE T BY U) B 774 22 R & AT 4

% 4 TUPAC-LDPE {0 EWBEmEIEHF A
Wagner #2!, PSM #28& Osaki #E+H A
BEEYINE S Z E A RE
Table 4 Relative deviation of the experimental wall

shear stress to the true wall shear stress calculated

by Wagner model, PSM model, and Osaki model

Apparent shear

Model 71/MPa &,

rate/s ™!
0.1 Wagner (k= 0.18) 0.00305 3.3
Wagner (k = 0.143) 0.00322 8.4

PSM 0.00318 7.2

Osaki 0.00299 1.3

1.0 Wagner (k = 0.18) 0.01405 8.2
Wagner (k = 0.143) 0.01544 16.5

PSM 0.01463 11.8

Osaki 0.01382 6.7

10.0 Wagner (k= 0.18) 0.04418 14.9
Wagner (k = 0.143) 0.05051 25.6

PSM 0.04550 17.4

Osaki 0.04395 14.4

F 5 ME 6 HHAHT Kalika % 14 F
Hatzikiriakos 2 [ 31450 ¥ 5 39 B W £ 32 7 AF 4o i
Z. PRF B ACRA N FRRTES N5 A
XA E K TAE, HfR 5 iR EdEs
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WU N 74 22 Fl TUPAC-LDPE J3 4475 3 WL BY 1) 3
10.0s™ RN S Z AR L, W7 IUPAC-LDPE £
RAE = B D) AR T BT AR AT REAE AR 3, HA
B VA % R Y8 B8 UL A 72 TUPAC-LDPE 544 ¥
SC A AR B R IR 2

% 5 LLDPE #k# 215°C THLRETmH VI HF0
BEEBTEE HMENRE
Table 5 Relative deviations of the experimental wall

shear stress to the calculated stress by using

power-law model for a LLDPE melt at 215°C

Apparent shear Experimental shear 71/
rate/s™! stress, 72 /MPa MPa T
277.1 0.2659 0.286 7.1
304.8 0.2759 0.302 8.6
348.6 0.2940 0.326 9.7
422.5 0.3233 0.363 10.8
495.7 0.346 3 0.397 12.7
566.8 0.363 2 0.427 15.0
638.1 0.3810 0.457 16.6
709.4 0.3955 0.485 18.4
775.1 0.406 2 0.509 20.2
842.9 0.4172 0.534 21.8

% 6 HDPE #3{&# 180°C THXLIEmMBIYIN 0
BEEBTEE HMENRE
Table 6 Relative deviations of the experimental wall

shear stress to the calculated stress by using

power-law model for a HDPE melt at 180°C

Apparent shear Experimental shear 71/
rate/s™! stress, 72 /MPa MPa T
72.9 0.12 0.133 9.5
111.7 0.14 0.160 12.5
155.4 0.16 0.185 13.6
206.3 0.18 0.210 14.2
293.7 0.20 0.245 184
400.5 0.22 0.281 21.6
490.3 0.24 0.307 21.8
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Fig.2 Relative slip velocities between the extrusion test of the

IUPAC-LDPE melt and its rheological test
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RELATIVE SLIP BETWEEN THE EXPERIMENTS OF TESTING THE
RHEOLOGICAL PROPERTIES OF THE IUPAC-LDPE Y

2)

Huang Shuxin* Lu Chuanjing* Jiang Tiqgian'

*(Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200030, China)
t(School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract The question of slip in the IUPAC-LDPE melt extrusion for sample A was examined on the basis
of the available extrusion experimental data and the detailed characterization of the rheological properties of
the LDPE melt at 150°C. The methods of judging the existence of the relative slip and calculating the relative
slip velocity were given in the paper in terms of the relative slip characteristic, which has been noticed in
considerable amount of experimental researches on the occurrence of slip. The stress deviation among different
experiments for the same material and temperature was used to identify whether there maybe exists the relative
slip in the experiments. The precondition of applying the relative slip characteristic to judge the existence of
slip is to get the reliable experimental results and to conduct the precise theoretical description between the
shear stress and the shear rate.

The results obtained by using the judgment method of relative slip demonstrate that slip may occur in
the extrusion of the IUPAC-LDPE sample A melt through a long die. The direct manifestation of slip is
that the true shear stress in the die wall calculated by using the theoretical models, including Wagner model,
PSM model, and Osaki model, based on Laun’s rheological characterizations is approximately 15%~17% higher
than that given in the extrusion experiments at the highest apparent shear rate of 10s~!. Such magnitude of
stress relative deviation noted for the IUPAC-LDPE melt can also be found in other investigations on slip. For
example, the results of the stress relative deviations are in the range of about 7%~22% when Kalika and Denn
(1987) and Hatzikiriakos and Dealy (1992) calculated the slip velocities occurring in their capillary extrusion
experiments, which were obtained in the present paper in terms of their reported experimental data. No enough
experimental evidence is available for illuminating that the stress deviation of 15%~17% is caused by errors in
the experiments of the IUPAC-LDPE melt.

The slip velocities of the extrusion condition relative to the test condition of obtaining the rheological
properties are 0.004, 0.071 and 1.343mm-s~' at the apparent shear rates of 0.1, 1.0 and 10s™!, respectively,
which were obtained by using PSM model. The magnitudes of the relative slip velocities obtained by using
Wagner model and Osaki model have similar values. The ratios of the relative slip velocity over the mean
velocity upstream at the highest rate of 10.0s™! are 35.8%, 31.7% and 30.2%, respectively, for PSM model,
Wagner model with & = 0.18 and Osaki model.

Key words IUPAC-LDPE melt, extrusion experiment, rheological property, relative slip assumption, slip

velocity
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